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Abstract

Background: Effective surveillance of seasonal influenza is crucial to understanding disease burden and impact. Traditional
surveillance accounts for those who interact with the healthcare system. Understanding who is being captured by current
surveillance methods can help further knowledge around influenza and identify areas of improvement.

Objective: To examine influenza testing amongst a United States representative population to better understand who is testing
over three seasons.

Methods: Outbreaks Near Me is a participatory surveillance system that, in partnership with SurveyMonkey, conducted a
weekly cross-sectional survey. Survey data from three influenza seasons was used, (2021-2022 flu season N = 335,964;
2022-2023 season N = 334,584; 2023-2024 season N = 267,940) with analysis conducted to examine influenza testing among
different demographic groups. Descriptive proportions applying survey weights targeting U.S. census targets were produced to
understand which demographics were testing for influenza. A weighted multivariate logistic regression was conducted for
influenza testing by income, adjusting for other demographics and COVID-19 testing.

Results: Generally, low levels of influenza testing were reported. Across all influenza seasons, those who had  lower income
tested for influenza at higher proportions. Lower household annual income was associated with higher odds of testing for
influenza, while higher incomes were less likely to have been tested for influenza.

Conclusions: : Individuals who fall within lower income brackets tested at higher proportions and had an increased likelihood of
having tested for influenza in the past 30 days than their higher income counterparts. These trends suggest that populations that
may historically have more barriers to care, have access to and are using influenza tests.
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Summary: Understanding capture in surveillance can improve disease monitoring. We studied who was testing for
influenza,  finding  those  with  lower  income  were  more  likely  to  test.  A  population  that  is  historically
underrepresented is better captured in influenza testing and surveillance.  
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Abstract
Background: Effective surveillance of seasonal influenza is crucial to understanding disease burden and impact.
Traditional surveillance accounts for those who interact with the healthcare system. Understanding who is being
captured  by  current  surveillance  methods  can  help  further  knowledge  around  influenza  and  identify  areas  of
improvement. 
Objective: To examine influenza testing amongst a United States representative population to better understand who
is testing over three seasons.
Methods: Outbreaks  Near  Me is  a  participatory  surveillance  system that,  in  partnership  with  SurveyMonkey,
conducted a weekly cross-sectional survey. Survey data from three influenza seasons was used, (2021-2022 flu
season N = 335,964; 2022-2023 season N = 334,584; 2023-2024 season N = 267,940) with analysis conducted to
examine influenza testing among different demographic groups. Descriptive proportions applying survey weights
targeting  U.S.  census  targets  were  produced  to  understand  which  demographics  were  testing  for  influenza.  A
weighted  multivariate  logistic  regression  was  conducted  for  influenza  testing  by  income,  adjusting  for  other
demographics and COVID-19 testing.
Results: Generally, low levels of influenza testing were reported. Across all influenza seasons, those who had  lower
income tested for influenza at higher proportions. Lower household annual income was associated with higher odds
of testing for influenza, while higher incomes were less likely to have been tested for influenza. 
Conclusion: Individuals who fall within lower income brackets tested at higher proportions and had an increased
likelihood of having tested for influenza in the past 30 days than their higher income counterparts. These trends
suggest that populations that may historically have more barriers to care, have access to and are using influenza
tests.

Keywords: Influenza; Flu Testing; Syndromic Surveillance; Health Survey; Influenza-like illness  

Introduction 
Effective surveillance of respiratory illnesses is crucial to early outbreak detection and robust response efforts1. In
the United States (U.S.),  surveillance of respiratory disease,  such as influenza,  has largely been conducted via
encounters  with  the  healthcare  system2.  Laboratory-confirmed  influenza  cases,  outpatient  influenza-like  illness
(ILI), and mortality data help public health researchers gauge the burden of influenza.2 However, variable access to
medical care suggests that traditional surveillance is only capturing a part of the population 3. Additionally, as at-
home testing has become more available for respiratory illnesses, not all individuals testing for disease interact with
the healthcare system.4 , 5 

In addition to advancements like at-home testing,  digital  disease surveillance methods like participatory
surveillance can augment traditional disease surveillance.6 Outbreaks Near Me (ONM) is an online participatory
syndromic surveillance system that allows for the general public to report disease and health related information in
the  United  States.7 ONM enables  near  real  time collection  and aggregation  of  data  related  to  disease  burden,
vaccination coverage, and symptomatology.7 In addition, participants are asked to answer questions related to age,
gender, race, income, and occupation. 

In this  study we leverage the previously validated ONM cross-sectional survey to assess the population
testing for influenza in the 2021-2022, 2022-2023, and 2023-2024 influenza seasons.8 ,  9 Specifically, we assess
which demographic groups were likely to get tested for influenza, and examine if there were any changes in the
seasons following the COVID-19 pandemic. ONM is well situated to capture and evaluate any trends and changes
to influenza testing, to further the understanding of the impacts and burden of influenza. Here we use the ONM
survey to assess who is testing for influenza, and identify which populations are represented, or not, in existing
influenza surveillance. 

Methods 
Survey Population 

The ONM survey was deployed on the SurveyMonkey digital platform. Participants were recruited via end
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page river sampling, a sampling method that prompts an optional survey after completion of an unrelated survey on
SurveyMonkey.10 With over two million daily visitors to SurveyMonkey, the survey is able to capture a random
sample  of  U.S.  residents,  collecting  between  5,000-15,000  responses  per  week.  The  survey  collected  robust
demographic  data  via  multiple  choice  and multi-select  questions.  The data  collected  via  this  survey has  been
previously validated in other studies.8,9 Data from the 2021-2022, 2022-2023, and 2023-2024 respiratory seasons is
included in this analysis. Respiratory seasons are defined as Morbidity and Mortality Weekly Report (MMWR)
week 40 (approximately October 1) through March 31, with exact dates of collection in Supplemental Table 1.
Influenza seasons were truncated to March 31, rather than MMWR week 20, for consistency as data collection
ended March 31 ,2024. 

Analysis
Respondents were asked “In the past 30 days, have you been tested for influenza (flu)?” with participants

being able to select either “Yes” or “No”. A series of demographic questions were asked, and we collapsed the self-
reported industry responses into two categories, healthcare workers and non-healthcare workers. “In the past 30
days, have you been tested for COVID-19?” was captured as well. Self-reports of at-home tests are included in
these “Yes” responses. For descriptive analyses, we assessed two influenza testing groups: tested for influenza and
only tested for influenza. Tested for influenza included anyone who answered “Yes” to “In the past 30 days, have
you been tested for influenza (flu)?”. Only tested for influenza was a subset of this group, which removed anyone
who also reported “Yes” to testing for COVID-19 also. An inverse probability of survey selection weighting scheme
targeting the U.S. census estimated population was applied to all results in the study.8 10 A weighted multivariate
logistic regression model was conducted for each influenza season to assess the likelihood of having been tested for
influenza. The models assessed the likelihood of having been tested for influenza in the past thirty days by income,
adjusting for age, gender, race, education level, health insurance type, healthcare worker status, and having been
tested for COVID-19 in the past 30 days. Descriptive proportions and regression models were assessed for each
influenza  season,  and not  across  the  study period  in  its  entirety.  RStudio  version  2024.12.1+563 was  used to
conduct  the analyses.  This  study was approved by Boston Children’s  Hospital  Institutional  Review Board and
received a waiver of informed consent (IRB-P00023700).

Results
Survey Population

During the study period, 813,234 total responses were collected. The weighted demographic breakdown of
the 2021-2022, 2022-2023, and 2023-202 influenza seasons were similar. For all three seasons, more respondents
identify as female than male (Table 1). Across all seasons, the largest proportion of respondents was the 65 and
older  group  (respectively  19.3%,  19.5%,  19.5%);  the  smallest  proportion  were  those  under  the  age  of  18
(respectively 7.1%, 6.5%, 7.1%). Across all seasons, the largest proportion of respondents completed highschool or
earned their G.E.D (respectively 33.3%, 33.2%, 32.8%).; the smallest proportion are those who did not complete
high school (respectively 8.9%, 8.7%, 9.4%). The majority of respondents received insurance via a plan through
your spouse, parent, employer (respectively 39.8%, 36.9%, 35.0%), and the smallest proportion received insurance
through TRICARE (respectively 1.9%, 1.9%, 1.8%). Full results of weighted proportions for industry are available
in Supplemental Table 2. 

Table 1: Weighted Demographic Characteristics of Study Population across Three Influenza Seasons
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Table 1 examines the demographic characteristics of those who answered the survey during the 2021
– 2022, 2022 – 2023, and 2023 – 2024 respiratory seasons utilizing a weighting scheme targeting the
U.S. census.
a Please refer to table 1 of the appendix for the date range of the 2021-2022, 2022-2023, and 2023 -
2024 seasons
b Non-Healthcare is a condensed group that consists of all occupations except healthcare. To see the
complete breakdown of Non-Healthcare occupations refer to Table 2 in the Appendix.

During the 2021-2022 season, 4.2% of the population had tested for influenza and 0.4% had only tested for
influenza. Slightly more tested during 2022-2023 at 9.1% and 1.5% only tested for influenza. In the 2023-2024
season, 8.9% of the population tested for influenza and 2.0% had only tested for influenza.  The proportion of
individuals who had not completed high school and tested for influenza and only tested for influenza was higher
than the other educational groups. Those who made under $15,000 reported more testing in both tested for influenza
(respectively 7.1%, 15.0%, 14.2%) and only tested for influenza (respectively 0.8.%, 2.3%, 2.7%) than higher
income groups (Table 2).  Overall,  the proportion of individuals with Medicaid or Medical tested for influenza
(respectively 6.7%, 14.4%,13.2%) and only tested for influenza (respectively 0.6%, 2.1%, 2.6%) at  higher levels
(Table 2). There was an observed increase in the proportion of those who did not complete high school and who
only  tested  for  influenza (respectively 0.6%, 2.3%, 3.3%) from 2021 -  2024 (Table  2).  Supplemental  Table 3
contains influenza testing and only influenza testing among all the industry options. 

https://preprints.jmir.org/preprint/76459 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Gertz et al

Table 2: Weighted Demographic Characteristics of Individuals who Tested for Influenza and Only Tested for Influenza
Across Three Seasons

Table 2 displays the demographic characteristics of those who Tested for influenza and those who tested only for
influenza during the 2021 – 2022, 2022 – 2023, and 2023 – 2024 respiratory seasons utilizing a weighted scheme
targeting the U.S. census
a Tested for influenza group includes all individuals who answered “Yes” to “In the past 30 days, have you been tested
for influenza(flu)?”
b Only Tested for influenza includes only individuals who answered “Yes” to “In the past 30 days have you been tested
for influenza (flu)” and did not answer “Yes” to “In the past 30 days, have you been tested for COVID-19?”

Multivariate Logistic Regressions
Likelihood to have been tested for influenza in the past 30 days decreased consistently as income increased,

when adjusting for other variables. Those below the reference annual household income ($30,000 and $49,999) had
higher odds of having been tested for influenza than those with higher incomes (Figure 1). As household income
increased, the odds of having been tested for influenza decreased. This trend was observed consistently across the
2021-2022, 2022-2023, and 2023-2024 influenza seasons, with slightly variant magnitudes (Figure 1). Those with
an  income  under  $15,000  were  most  associated  (AOR=1.41  95%CI  1.34-1.48;  AOR=1.42  95%CI  1.35-1.49;
AOR=1.25 95%CI 1.18-1.34) with being tested for influenza and those with an income over $150,000 were least
associated (AOR=0.64 95%CI 0.55-0.86; AOR=0.82 95%CI 0.73-0.91; AOR=0.66 95%CI 0.56-0.76) in each in
respective influenza season (2021-2022; 2022-2023; 20230-2024. The full results of the regressions can be found in
Supplement 4.  

Figure 1: AOR for Likelihood to Have Been Tested for Influenza by Income Controlling for Demographics and
Likelihood to test for COVID-19

https://preprints.jmir.org/preprint/76459 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Gertz et al

An online cross-sectional study of U.S. residents thirteen and older was done to assess self-reported influenza
testing in the last thirty days for the 2021-2022 (N=335,964), 2022-2023 (N=209,646), and 2023-2024 (N=269,624
) seasons. A weighted multivariate logistic regression was used to assess likelihood of influenza testing by income
when controlling for demographics and COVID-19 testing. In all three seasons, those with lower incomes were
observed to have a higher likelihood of testing for influenza and those with higher incomes were less likely. 

Discussion
In each of the included influenza seasons, only a small amount of the population reported testing for influenza .
Although we observed some increases in influenza testing over time, this population still remains small within the
overall sample, and compared to COVID-19 testing levels. Advances in diagnostics, such as the FDA approved
COVID-19 and influenza at-home in February of 2023, may provide some insights into increases in testing for
influenza  in  the  2023-2024 season.  4 However,  it  does  not  capture  those  only testing  for  influenza,  and their
reasoning. 

Overall, those who did not complete high school, made under $15,000, and had income-assisted insurance
had higher proportions of influenza testing. While there is minimal study into who is influenza testing and why, our
findings suggest that individuals with low socioeconomic status, particularly income, are more likely to test than
their higher income counterparts. One potential explanation is that the population testing for influenza may need
evidence of a healthcare visit, positive test result, or diagnosis to receive sick-time or paid-time-off benefits. They
may also be testing for influenza more than higher income counterparts that have flexibility, such as remote work
options,  or  employment  benefits  regarding  sick  leave.11, 12, 13, 14 By  adjusting  the  multivariate  regression  for
healthcare worker status, we accounted for some of those who may also require influenza testing for work. The
observation of lower income and higher likelihood of influenza testing differs from other studies, which have found
higher  income  individuals  generally  have  perceived  better  access  and  uptake  of  respiratory  disease  testing,
particularly for COVID-19.8 15 
 This study encompasses strengths in its methodology that lend to the validity of the observed results. Data
used for this  study was collected from a previously validated,  nationally  representative survey,  allowing us  to
generalize the  observed results.8,  9 The  inclusion  of  data  spanning three  influenza  seasons further  supports  the
empirically  observed  trends  as  they  were  consistent  across  time.  Furthermore,  the  study  period  captures  any
potential differences season-to-season and any changes due to changes in the COVID-19 pandemic.16 This study is
also subject to limitations. Firstly, being cross-sectional, the trends observed are insights into different individuals at
certain points in time, rather than longitudinally assessing a consistent cohort each season. This means that our
insights are broader, and not assessing specific individuals' influenza testing and income over time. Additionally,
access to reliable internet is required for conducting the survey so populations that do not have reliable access are
not captured. Similar to many health surveys, older women with higher income and higher educational attainment
were more likely to complete the survey. Furthermore, health surveys generally capture an audience who may be
more health-minded. The survey may also be subject to misclassification as participants are asked not only to self-
report,  but  to  recall  testing  that  occurred  in  the  last  30  days,  and  not  an  immediate  time  frame.  Moreover,
participants may not know what illnesses they were tested for, particularly in a clinical setting. 
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The findings of this study help further illuminate trends around testing and care seeking among low income
individuals. As the public health community continually seeks to improve countermeasures for the prevention and
mitigation of respiratory diseases,  it  is  vital  that we understand trends in who is  testing for disease,  and why.
Different access and uptake of testing by disease may be influenced by economic factors like employment and
income.  These  differences  are  important  to  understand  for  future  public  health  efforts,  such  as   modifying
messaging around influenza testing, increasing affordable access to influenza testing, and creating policies to ease
the burden of testing across illnesses when it is required to receive sick leave .  Further studies are needed to
understand the full scope of social and economic factors influencing testing behavior for respiratory diseases in the
United  States.  Additionally,  studying  differences  across  respiratory  diseases,  rather  than  pan-respiratory  may
provide insights that support targeted interventions. As public health continues to strive for more robust disease
mitigation and response, it becomes increasingly important not only to understand differences in access to testing,
but disparities in who has the need for testing and official diagnoses and the implications on the healthcare system
and disease surveillance overall. 
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