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Abstract:

Background: Children hospitalized with viral respiratory tract infections (RTIs) are often prescribed antibiotics due to concern for bacterial co-infection, despite most not having concurrent bacterial infections. This unnecessary antibiotic treatment can lead to bacterial resistance and adverse events. The extent of antibiotic overuse in hospitalized children with community-onset viral RTIs has not been well-quantified in recent years and may have worsened during the COVID-19 pandemic. The objectives of this study were to quantify and compare the extent of antibiotic overtreatment and to determine predictors of antibiotic use following the COVID-19 pandemic among children hospitalized with influenza, respiratory syncytial virus (RSV), or COVID-19.
Methods: We performed a single-center retrospective study evaluating antibiotic use and bacterial co-infection among children and adolescents hospitalized with influenza, RSV, or COVID-19 between April 2020 and May 2023. Predictors of antibiotic treatment were determined using logistic regression. 
Results: The study included 1,718 patients (influenza: 188; RSV: 1,022; COVID-19: 535). RSV patients were younger and more likely to be in intensive care. While only 8% of patients had culture-confirmed bacterial co-infection, the proportion of children receiving antibiotics was high and varied by virus (influenza: 60.6%, RSV:41.2%, COVID-19: 48.6%, p < 0.001). Among patients with the lowest severity of illness, 48% received ≥1 dose of antibiotics. Independent predictors for receipt of antibiotics were elevated inflammatory markers, having >3 comorbidities, mechanical ventilation, and influenza infection. 	Comment by Banerjee, Ritu: You can get these numbers from your table
Conclusions: In children hospitalized with community-onset viral RTIs, antibiotic treatment is substantially higher than the burden of culture-confirmed bacterial infection, suggesting antibiotic overuse.
Introduction:
This paper examines the percentages of bacterial co-infection and antibiotic use in a pediatric cohort of patients hospitalized with Influenza, RSV, or COVID-19 to better understand trends in antibiotic overuse in a pandemic to post-pandemic time period. Often, clinicians start patients on antibiotics when they arrive at the hospital to treat any concurrent bacterial infections that the patient may be harboring before becoming infected with the viral infection. However, this practice leads to unnecessary antibiotic use, which can then expose the patient to the risk of harboring antibiotic resistant bacteria. Antibiotic resistant bacteria are much harder to treat and contain than non-resistant bacteria, presenting an important incentive to promote judicious use of antibiotics in a clinical setting. This study is the first study to analyze bacterial co-infection and antibiotic use percentages in a pediatric cohort for Influenza, RSV, and COVID-19 in both the pandemic and post-pandemic time periods. The results of this study will help determine if antibiotic overuse has subsided, stayed the same, or increased since the onset of the pandemic. It also provides suggestions for the cohort of patients clinicians should focus on the most when trying to implement antibiotic stewardship practices into their clinics. 
The paper uses statistical analyses to determine demographic and clinical factors that increase the likelihood of a patient receiving both at least one dose of antibiotics and >3 days of antibiotics. It is especially important to determine factors that affect the receipt of antibiotics on both time frames as many clinicians begin patients on antibiotics and then promptly take them off antibiotics once it is determined that they do not harbor a bacterial co-infection. However, patients who receive >3 days of antibiotics can be considered to be receiving long-term antibiotic therapies, which is particularly the practice of antibiotic use that puts a patient most at risk for antibiotic resistance if antibiotics are used improperly. 
Lastly, this paper examines whether there are disparities in the distribution of races and ethnicities within patients hospitalized with each virus. Through conducting a review of the current literature on racial and ethnic disparities related to COVID-19 and Influenza vaccinations, this paper offers potential explanations for why the disparity in the distributions of races and ethnicities is observed in our study and provides viable solutions to help potentially lessen these disparities in distributions in the future. 

















Background:
The burden of pediatric hospitalizations for viral respiratory tract infections (RTIs) is substantial. In the U.S., over 22,000 children have been hospitalized with COVID-19 since 2020, 12,000 - 46,000 children are hospitalized with influenza each year, and up to 80,000 children < 5 years are hospitalized with RSV every year (1, 2, 3). Children hospitalized with viral RTIs are often treated with antibiotics due to concerns for bacterial co-infection, especially bacterial pneumonia, which can be preceded by viral infection. However, the majority of children with viral RTIs do not have concurrent bacterial infections, so this practice leads to unnecessary antibiotic treatment which, in turn, can lead to development of resistant bacteria and adverse events. Unlike in adults, the extent of antibiotic overuse in hospitalized children with community-onset viral RTI has not been well-quantified in recent years and may have changed since the COVID-19 pandemic (4).	Comment by Banerjee, Ritu: Do we have an estimate on annual flu pediatric hospitalizations?  Maybe a range?	Comment by Banerjee, Ritu: Could we say something about how post pandemic pediatric hospitalizations and inpatient abx use increased?  What does the data show?	Comment by Kalasikam, Mrinmoyee C: I found a paper by the CDC discussing an estimate of the number of pediatric hospitalizations for children <5 last year (119 out of 100,000 patients). Should I use this value in the background?	Comment by Kalasikam, Mrinmoyee C: Also I actually found a paper that showed a reduction in antibiotic dispensing after the pandemic: https://pubmed.ncbi.nlm.nih.gov/34405427/	Comment by Kalasikam, Mrinmoyee C: I wasn’t able to find a good estimate for these numbers that allows them all to be compared neatly. We can discuss what I should do on a call if that’s ok!	Comment by Banerjee, Ritu: This sentence was confusing, reporting both absolute number of hospitalizations and then a rate. Suggest sticking with absolute # for RSV, as you did for Flu and COVID.	Comment by Banerjee, Ritu: Add these RSV refs here:

Hall CB, Weinberg GA, Iwane MK, et al. The burden of respiratory syncytial virus infection in young children.New Engl J Med. 2009;360(6):588–98.
Rha B, Curns AT, Lively JY, et al. Respiratory Syncytial Virus–Associated Hospitalizations Among Young Children: 2015–2016.Pediatrics. 2020;146(1):e20193611.
McLaughlin JM, Khan F, Schmitt H-J, et al. Respiratory Syncytial Virus–Associated Hospitalization Rates among US Infants: A Systematic Review and Meta-Analysis. JID. 2022;225(6):1100-1111.
Several studies have found that there were low rates of bacterial co-infection in adults hospitalized with COVID-19, but up to 75% received antibiotics (5, 6, 8).  Similarly, a large multicenter study evaluating children with critical illness from COVID-19 found that 7% of children had bacterial coinfection but 63% received antibiotics (5). Studies of antibiotic treatment among children hospitalized with influenza or RSV before the pandemic demonstrated that 60-90% received antibiotics (9, 10), but there were few evaluations of bacterial co-infection rates (12, 13, 14, 15). Furthermore, most prior studies of viral RTI do not quantify antibiotic use and may have overestimated bacterial co-infection burden because they interpreted any respiratory culture with bacterial growth as indicative of bacterial infection, although many positive respiratory cultures likely reflected colonization. 	Comment by Banerjee, Ritu: Add ref 3 here
Given the increasingly widespread implementation of hospital-based antibiotic stewardship programs as well as increasing awareness following the COVID-19 pandemic that antibiotics are ineffective against viruses, it is possible that antibiotic use may be more judicious in recent years for children hospitalized with viral RTI. To test this hypothesis, we aimed to determine and compare antibiotic utilization and bacterial co-infection percentages, as well as identify predictors of antibiotic use among a contemporary cohort of children hospitalized with influenza, RSV, and SARS-CoV-2.





























Methods:

Sampling and Exclusion Criteria
We conducted a single center retrospective cohort study of all children and adolescents aged <19 years old hospitalized at Monroe Carell Jr. Children’s Hospital at Vanderbilt, Nashville, TN who had a positive test for influenza, RSV, or COVID-19. RSV and influenza patients were hospitalized January 2021 to May 2023, and COVID-19 patients were hospitalized April 2020 to February 2022. Patients were excluded if they were >19 years of age or were not hospitalized.	Comment by Banerjee, Ritu: This is mentioned below, so OK to delete it here
From 2021 onwards, the institutional antibiotic stewardship team performed daily audit and feedback of antibiotics prescribed in inpatients; feedback was provided to treating providers via telephone or in person discussion.  Audit and feedback was performed inconsistently during 2020 due to disruptions from the COVID-19 pandemic.  
Data Collection
Medical records were reviewed to identify patients with positive viral antigen or PCR tests for influenza, RSV, or COVID-19 within 48 hours of hospitalization and to collect demographic and clinical characteristics including age, sex, race, comorbidities, microbiology results, hospital length of stay, laboratory results, antibiotic administration, and diagnosis codes. Culture-confirmed bacterial infection was defined as growth of clinically significant bacteria from any specimen source including blood, urine, pleural fluid, cerebrospinal fluid, and respiratory secretions throughout the hospitalization. We also used a second, more stringent definition of culture-confirmed bacterial infection that excluded cultures of respiratory specimens. Cultures with growth of common contaminants, including diphtheroids, Micrococcus species, and coagulase-negative Staphylococci were considered colonizers and not bacterial infection.	Comment by Banerjee, Ritu: Within what time period following hospitalization?  30 days?
Data Analysis
A univariable analysis was conducted using the entire sample to compare demographic and clinical variables of patients by virus type, using Pearson's chi-squared for categorical characteristics, and Kruskal Wallis H test for continuous variables. After excluding patients with detection of multiple viruses, two different multivariable logistic regression models were developed a priori to identify predictors of 1) at least one dose of antibiotic treatment and 2) greater than 3 days of antibiotic treatment. Variables of interest included the type of virus, age, race, elevated inflammatory markers [PCT (≥0.5 ug/mL) or CRP (≥50 mg/L)], intensive care unit (ICU) status, whether the patient was on mechanical ventilation, and whether the patient had >3 diagnosis codes. Bacterial co-infection and antibiotic utilization percentages were also determined by type of virus. Analyses were done using Stata 17 (Stata Corp BE).	Comment by Banerjee, Ritu: Can you say >/= 1 dose of antibiotic treatment	Comment by Banerjee, Ritu: Define what you called elevated	Comment by Banerjee, Ritu: What about age and race?  Did you include those models?










Results:
Demographic and clinical characteristics	Comment by Banerjee, Ritu: If you need to reduce word count, you can cut this paragraph down, because it essentially reiterates what is shown in Table 1
There were 1,718 pediatric patients included during the study period (188 with influenza, 1,022 with RSV, 535 with COVID-19). Patient demographic and clinical factors varied by virus type (Table 1). Median age was lowest for RSV patients and highest for COVID-19 patients (0.61 years vs. 6 years, p < 0.001). Racial distribution varied significantly by virus; Black patients comprised over 20% of COVID-19 patients, and lower percentages of patients with RSV and influenza, while white patients comprised two-thirds of influenza patients but lower percentages of RSV or COVID-19 patients. A greater proportion of RSV patients (45%) were in the ICU, than influenza and COVID-19 patients (p < 0.001). Mortality was highest in COVID-19 patients at 6.2% but was significantly lower for influenza and RSV (p < .001). Greater than 3 diagnosis codes was more common in influenza (36%) and COVID-19 (40%) patients, than in RSV (24%) patients (p < 0.001). Inflammatory markers among patients in whom they were measured, were elevated in almost half of influenza patients and in 40% of RSV and 35% COVID-19 patients (p < 0.001). The overall rate of bacterial co-infection was 8% when including respiratory cultures and 5.4% when excluding respiratory cultures. Positive cultures (including all specimen types including respiratory) occurred more commonly in COVID-19 (10.3%) than RSV (6.9%) or influenza (8%) patients (p = 0.03). The median number of days from admission to positive bacterial culture was 3 (IQR = 2) and did not vary by virus type (p = 0.204).	Comment by Banerjee, Ritu: order	Comment by Banerjee, Ritu: Table 1 also shows that race, ethnicity, ICU status, comorbidities, microbiology, inflammatory markers all differed by virus type. You should mention and describe this.	Comment by Jimenez, Natalia: Agree	Comment by Banerjee, Ritu: Is this including or excluding resp cultures.  Need to specify.	Comment by Banerjee, Ritu: Confirm that this is accurate?
Antibiotic Treatment
Although few patients had culture-confirmed bacterial infections, 45.7% of patients received at least one dose of antibiotics and 26.4% of patients received >3 days of antibiotics (Figure 1). Antibiotic treatment varied by virus type. Among influenza patients 60.6% received any antibiotics and 38% received >3 days of antibiotics. In contrast, only 23% of RSV patients and 28% of COVID-19 patients received >3 days of antibiotics (p < 0.001).   	Comment by Banerjee, Ritu: Include results of subgroup analyses here; what did you find about bacterial coinfxn rate and abx use rate when you looked only at those with highi inflammatory markers, or only those iwht very high inflammatory markers?
The percent of patients receiving antibiotic treatment was higher in ICU than non-ICU locations and higher among those with very elevated inflammatory markers vs. normal inflammatory markers (Figure 2). Among a subgroup of patients with low severity of illness (defined as having normal inflammatory markers [PCT <0.5 ug/mL or CRP <50 mg/L], and not admitted to the ICU), 7.3% had culture-confirmed bacterial infection including respiratory cultures, while 48.1% received at least 1 dose of antibiotic and 20.8% received >3 days of antibiotics; these percentages did not differ significantly by virus type.  	Comment by Jimenez, Natalia: We really can't say what the inflammatory markers were if they were not measured. It is ok to make the assumption that they were normal if not measured for the logistic models (so we didn't reduce our sample size drastically), but I would talk about subgroups here only for those who had a measurement done.	Comment by Banerjee, Ritu: Include a table to make this easier to understand	Comment by Banerjee, Ritu: Including or excluding resp cultures?	Comment by Banerjee, Ritu: What is p value?  If not significant then not worth mentioning in text
Predictors of Antibiotic Treatment 
To identify predictors of antibiotic use, we performed a multivariable logistic regression analysis including variables that were found to be statistically and clinically significant in the univariable analysis. Independent predictors of receiving >3 days of antibiotic treatment were elevated inflammatory markers, having >3 comorbidities, being on mechanical ventilation, and having a diagnosis of influenza (Table 2). The same variables were independent predictors for receiving at least 1 dose of antibiotics. Patients with elevated inflammatory markers were significantly more likely to receive antibiotics than those without elevated inflammatory markers (OR 5.50, 95% CI 3.84 to 7.87) when adjusted for >3 comorbidities, mechanical ventilation, influenza diagnosis, age, and race (Table 2). 	Comment by Banerjee, Ritu: Readers can see the variables included in your tables, so no need to mention them here 	Comment by Banerjee, Ritu: Is there a reason you did not include age or race in the models?	Comment by Banerjee, Ritu: Revised this to align with what you are now showing in Table 2	Comment by Banerjee, Ritu: Per the PAS reviewer comment:

Could be worth making a model of predictors of bacterial infection - what variables would you include in the model?  	Comment by Banerjee, Ritu: Keep this analysis in your back pocket in case reviewers ask for it, but it doesn't quite fit with the objective of the study so I suggest removing it





Discussion:

In this large contemporary cohort of children hospitalized with influenza, RSV, or COVID-19, we found that the percent of patients with bacterial co-infection was low, while the percent of patients receiving antibiotic treatment was high. Overall, the proportion of patients prescribed antibiotics for >3 days was 46 %, which is 4-6 times greater than the proportion that had culture-confirmed bacterial infections. This difference between antibiotic treatment and bacterial infection burden was greatest among patients with elevated inflammatory markers in both ICU and non-ICU settings. Notably, among patients with the lowest severity of illness, any antibiotic treatment was administered to 48.1% of patients and >3 days of antibiotics were given to 20.8% of patients. This suggests that there was substantial antibiotic overtreatment, although we did not assess treatment appropriateness.   	Comment by Banerjee, Ritu: order
The rates of antibiotic use seen in our study are similar to those reported in earlier, studies, suggesting that antibiotic prescribing practices have not changed in recent years despite the COVID-19 pandemic and greater provider and public awareness of antibiotic stewardship. We observed that the proportion of patients receiving antibiotics was highest (> 60%) for influenza patients and lowest for RSV patients (41%). Previous studies spanning over 20 years have noted antibiotic use in 49 – 58% of children and adults diagnosed with influenza (9, 16, 17). The antibiotic utilization percentage we observed among RSV patients is also comparable to findings from previous studies, in which 33-57% of children hospitalized with RSV who did not have a culture-confirmed bacterial infection were administered antibiotics (10, 18). 	Comment by Banerjee, Ritu: This sentence isn't supported by the paragraph. Thus, I changed it slightly	Comment by Banerjee, Ritu: This number matches with the 40% of all hospitalized RSV patients who received antibiotics.  Need to double check the denominiator used in these papers.  	Comment by Banerjee, Ritu: Reference 8 looks at proportion of all RSV patients who received antibiotics.  They did not look at the denominator as all RSV patients who received antibiotics.  They do a stringent adjudication of bacterial infection by an expert panel who look at clinical factors for each case.  By doing this they found that 30% of abx use was unnecessary.  This reference does not support the use of the denominator you use to get the 84% value
While the low bacterial co-infection rate we observed is supported by recent adult and pediatric studies of COVID-19 patients, it contrasts with some earlier studies of influenza and RSV, that reported higher bacterial co-infection rates of 27-40% (19, 20, 21).  This discrepancy may be due to fact that some earlier studies defined bacterial co-infection largely based on positive bacterial culture results from non-sterile sites such as sputum or respiratory secretions and used bacterial colony count thresholds that are not validated for diagnosis of bacterial pneumonia (19, 20, 21, 22). Additionally, these studies found that S. pneumoniae and S. aureus, were the most commonly isolated bacterial pathogens among children with viral RTI (20, 21). Though growth of these organisms from respiratory specimens may have reflected bacterial co-infection in some patients, they may have reflected colonization of the respiratory tract in others, and thus may have overestimated bacterial co-infection rates (23). In fact, consistent with our finding, a study assessing sterile site cultures from blood, urine, and CSF found much lower bacterial co-infection rates in children hospitalized with RSV (24).	Comment by Banerjee, Ritu: Add ref here	Comment by Banerjee, Ritu: Is this correct?  What do the studies say about flu or RSV coinfection rates?	Comment by Banerjee, Ritu: need to cite these studies
https://link.springer.com/article/10.1186/s12879-019-4468-3

https://thorax.bmj.com/content/thoraxjnl/61/7/611.full.pdf

Patient demographic and clinical factors differed by virus type, which may have influenced medical management and could explain why antibiotic treatment differed by virus. Hospitalized RSV patients were significantly younger, had fewer comorbidities, and were less likely to receive antibiotics than influenza patients. Clinicians may have been more likely to avoid antibiotics in patients hospitalized with RSV because these children were most commonly infants with bronchiolitis and were not as acutely ill as the patients with influenza. This hypothesis is supported by the fact that ICU admission was more common among RSV than influenza patients, but rates of mechanical ventilation were similar between the groups, likely because many of the infants with RSV received supplemental oxygen but did not require mechanical ventilation. Additionally, the higher antibiotic treatment percentage of influenza patients may stem from clinician awareness of reports of influenza-associated Gram-positive bacterial pneumonia and the associated high mortality (25, 26, 27). We also observed differences in patient race and ethnicity distributions by virus type. This may reflect differences in healthcare utilization, health equity, or vaccination rates within populations and warrants further study. 	Comment by Banerjee, Ritu: I know I suggested adding this reference, but it doesn't quite fit here	Comment by Banerjee, Ritu: Crit Care Med 2012 May;40(5):1487-98.
 doi:  10.1097/CCM.0b013e3182416f23.
Critical illness from 2009 pandemic influenza A virus and bacterial coinfection in the United States
Todd W Rice 1, Lewis Rubinson, Timothy M Uyeki, Frances L Vaughn, Benjamin B John, Russell R Miller 3rd, Elizabeth Higgs, Adrienne G Randolph, B Elizabeth Smoot, B Taylor Thompson; NHLBI ARDS Network


 

Pediatrics  2011 Dec;128(6):e1450-8.
 doi: 10.1542/peds.2011-0774. Epub 2011 Nov 7.
Critically ill children during the 2009-2010 influenza pandemic in the United States
Adrienne G Randolph 1, Frances Vaughn, Ryan Sullivan, Lewis Rubinson, B Taylor Thompson, Grace Yoon, Elizabeth Smoot, Todd W Rice, Laura L Loftis, Mark Helfaer, Allan Doctor, Matthew Paden, Heidi Flori, Christopher Babbitt, Ana Lia Graciano, Rainer Gedeit, Ronald C Sanders, John S Giuliano, Jerry Zimmerman, Timothy M Uyeki; Pediatric Acute Lung Injury and Sepsis Investigator's Network and the National Heart, Lung, and Blood Institute ARDS Clinical Trials Network


MMWR Morb Mortal Wkly Rep  . 2009 Sep 4;58(34):941-7.
Surveillance for pediatric deaths associated with 2009 pandemic influenza A (H1N1) virus infection - United States, April-August 2009


We determined that several variables were independent predictors for receipt of antibiotic treatment, including having elevated inflammatory markers, >3 diagnosis codes, requiring mechanical ventilation, and having a diagnosis of influenza. Among these, variables with the strongest associations for antibiotic treatment were requiring mechanical ventilation and having elevated inflammatory markers. While mechanical ventilation suggests severe illness, in which antibiotic treatment may be warranted. CRP and PCT have low positive predictive value (PPV) for bacterial infection and can be elevated in viral infections (28). Providers should be wary about prescribing antibiotics based solely on the results of these laboratory tests  We observed that among patients with low severity of illness, more than one dose of antibiotic was administered in 48%, and >3 days of antibiotic treatment was administered to 20.8% of patients, and this did not differ significantly by virus type. Moreover, median days of antibiotic therapy was 4, which is longer than needed for the typical “rule out” empiric antibiotic course that is often given while awaiting results of bacterial cultures. Thus, in patients with high severity of illness, it is appropriate to initiate empiric and/or targeted antibiotic treatment, but in patients with the lowest severity of illness who have normal inflammatory markers and are not admitted to the ICU, clinicians could consider withholding or promptly deescalating antibiotics. 	Comment by Banerjee, Ritu: Cite references
Our study has limitations, including its single center, retrospective nature, which may reduce its generalizability. However, our study corroborates findings of antibiotic overuse seen in other studies (5, 6, 7). Additionally, because bacterial pneumonia is not often confirmed by culture, and we did not collect information about abnormal chest radiographs, it is possible that we underestimated the occurrence of bacterial pneumonia. Despite this, our results still suggest antibiotic overtreatment, since we observed that almost half of patients received antibiotics, a higher proportion than would be anticipated to have bacterial pneumonia. We identified subjects based on positive viral test results and did not confirm presence of respiratory symptoms or pneumonia through chart review, so we may have included asymptomatic children who were colonized with respiratory viruses. It is possible that antibiotic treatment was given for indications other than pneumonia (eg. otitis), which we were not able to ascertain. Nevertheless, the antibiotic treatment percentage and median duration of treatment we observed are still surprisingly high. We did not collect data prior to the COVID-19 pandemic or early vs. later in the pandemic, so we cannot comment on temporal trends in antibiotic prescribing at our institution. Strengths of our study are the large sample size, use of a stringent definition of bacterial co-infection, and evaluation of a contemporary cohort.
Despite these limitations, we demonstrate that the confirmed bacterial co-infection percentages were low for children hospitalized with influenza, RSV, or COVID-19 and that the antibiotic treatment burden far exceeded bacterial co-infections. This suggests antibiotic overuse, particularly in children with low severity of illness, in whom nearly half received antibiotics during hospitalization.  To reduce unnecessary antibiotic use in hospitalized children with viral RTIs, antibiotic stewardship programs should implement interventions that encourage prompt de-escalation of antibiotics in children with low severity of illness and educate about the poor positive predictive value of inflammatory markers to distinguish bacterial from viral infection. 	Comment by Banerjee, Ritu: Could racial/ethnic differences in hospitalization rates reflect differences in vaccination rates?	Comment by Banerjee, Ritu: order	Comment by Banerjee, Ritu: We didn't calculate a rate, so I removed this word




Racial and Ethnic Disparities in Vaccinations:
Introduction
Our study found differences in patient race and ethnicity distributions by virus type. We hypothesize these differences may be, in part, due to differences in vaccination rates within populations. In this sub-analysis, we examine past literature on the differences in vaccination rates for COVID-19 and influenza based on race and ethnicity to determine possible factors that may be contributing to and exacerbating differences in patient race and ethnicity distributions by virus type observed in our study. Each article examined for this study emphasized the difficulties caused by structural barriers in providing access to vaccinations to patients based upon spatial, political, and economic considerations. Before considering how each of these aspects impact access to vaccinations, particularly for Black and Latino patients, we will define structural racism. Structural racism is defined as the “…racial discrimination in policymaking and enforcement of regulation, practices, and laws, which systematically result in exclusion from or differential access to societal resources and opportunities based on race.” Structural racism limits access to healthcare for marginalized races and ethnicities, such as African Americans and Hispanics, by negatively impacting the five dimensions of social determinants of health conditions, which include economic stability, education access and quality, health care access and quality, neighborhood and built environment, and social and community context (30). These factors all drive disparities in vaccination rates for marginalized communities throughout the US. 
	Our study, which was conducted at Monroe Carell Jr. Children’s Hospital at Vanderbilt, Nashville, TN, found that there were significant differences between the proportions of patients in each race who had either influenza, RSV, or COVID-19. Notably, the proportion of COVID-19 patients who were Black or African American was significantly higher than the proportion of influenza or RSV patients who were Black or African American Similarly, a significantly smaller proportion of COVID-19 patients were White compared to influenza and RSV patients, suggesting that the distribution of vaccinations varied between the three viruses for different races and ethnicities (Table 1). In terms of ethnicity, there were also significant differences in the proportions of patients who were Hispanic and the proportion of patients who were not Hispanic within the three viruses, suggesting that each virus may have a different distribution by ethnicity compared to one another.
Analysis of Existing Literature
We began by first exploring if disparities in COVID-19 vaccination rates between various races and ethnicities exist in the literature. In the Siegel et al. article, the authors compiled data from state health departments to calculate whether racial disparities existed in COVID-19 vaccination rates between White and Black and Hispanic populations in each state. This study was the first to quantify racial and ethnic disparities in vaccination rates below the national level. Importantly, the datasets used for this study considered an individual vaccinated if they received at least one dose of the COVID-19 bivalent vaccine. The authors found that the Black racial disparity was present in 43 of the 45 states that reported data on vaccination rates. Black racial disparity was defined as when the proportion of Black African Americans who were vaccinated minus the proportion of White Americans who were vaccinated was negative (31). Similarly, 38 of the 42 states that reported data on vaccination rates found that a smaller proportion of Hispanic people were vaccinated as compared to the proportion of White people who were vaccinated, indicating the presence of a Hispanic-White ethnic disparity (2366). On closer inspection, the authors found that Tennessee had a -6.6% Black-White disparity, meaning that on average, about 6.6% less Black Americans were vaccinated in Tennessee compared to White Americans (31). Considering that the Monroe Carell Jr. Children’s Hospital primarily services patients from the Middle Tennessee and the greater Tennessee area, this statistic is especially important in understanding the differences in the distributions of infections by virus type. Although it is understandable that not all of the disparity between the differences in the distributions of infection by race can be explained by disparities in vaccination rates, it is worth noting that about 4.5% less White Americans were infected with COVID-19 when compared to the total percentage of White Americans infected with either of the three viruses in our study. Thereby, it is plausible to consider that some of the discrepancy in the distributions of race per virus is caused by the disparity in Black-White COVID-19 vaccination rates in Tennessee. Neighboring states to Tennessee which the hospital may have served patients from also have similar Black-White COVID-19 vaccination disparities, with Kentucky having a -8.5% disparity, North Carolina having a -6.8% disparity, Georgia having a -9.5% disparity, and Missouri having a -8.9% disparity (31). 
Other similar studies found racial and ethnic disparities in COVID-19 vaccination coverage as well. One such study by Williams et al. which looked at the U.S. Census Bureau Household Pulse Survey found that every racial and ethnic minority group, except for the Asian group, found lower proportions of vaccination. This disparity was especially pronounced in the Hispanic group, who, on average, had 8.0% less vaccination coverage compared to White respondents to the survey. Importantly, vaccination coverage was defined as “the percentage of respondents who had already received at least 1 dose of a COVID-19 vaccine” (32). Similarly, in an article by Agarwal et al., the authors analyzed data from 756 counties, accounting for about 51.5% of the US population, to determine vaccine disparity (30). They defined vaccine disparity as differences in the proportion of Black Americans who received at least one vaccination dose to the proportion of White Americans who received at least one vaccination dose. The more negative the difference, the greater the Black-White vaccination disparity (30). This study found that the weighted average of COVID-19 vaccination disparities across counties is 16.0 percentage points, with Black Americans receiving fewer vaccine doses than White Americans. It is plausible to consider that these disparities in vaccination rates between races would then translate to differences in the distributions of infections between different races and ethnicities as observed in our study. 
Several of these studies have also posited explanations as to why discrepancies between vaccination rates for minority races and ethnicities exist. In the Siegel et al. article, the authors stated that there was a “clear positive relationship between …measures of structural racism and the magnitude of the racial disparity in COVID-19 vaccination at the state level” (31). For example, the authors found that the overall racism index as well as the education and incarceration index (both of which are part of the racism index) had a statistically significant positive correlation with the magnitude of the discrepancies in the Black-White vaccination rate (31). For every one standard deviation increase in the education index, the authors found that the Black-White disparity in vaccination rates increased by 3.55%. Similarly, for every one standard deviation increase in the incarceration index, the Black-White disparity in vaccination rates increased by 3.39% (31). As the authors illustrate through this data, structural barriers to vaccination such as access to education or rates of incarceration between certain races play a quantifiable role in increasing disparities between vaccination rates between races and thereby affect the distributions of infection by race as observed in our study. As Siegel et al. note, 
“The problem appears to be more than just an individual-level one, but to involve a range of structural factors stemming from racist institutions and systems. For example, even if someone wants to be vaccinated, there may be structural barriers such as inability to take time off of work, inability to afford child care, lacking access to transportation, a lack of mass vaccination sites at locations that are publicly accessible, fear of interrogation about one’s immigration status, and even potential intimidation associated with the presence of law enforcement personnel at vaccination sites. Putting too much of an emphasis on vaccine hesitancy risks taking a victim-blaming perspective, when our findings suggest that the problem is more of a systemic one” (31). 
These findings are echoed in the other articles regarding racial and ethnic disparities in COVID-19 vaccination rates as well. The Williams et al. article set out to try and quantify the variables that explained the largest portion of disparities in vaccination coverage in the US, finding that age, education, employment, and income were the variables that explained the largest portions of disparities in vaccination coverage (32). They found that age explained 1.8 and 3.6 percentage points of the Black and Hispanic disparity respectively. In addition, socioeconomic factors, such as income, education, health insurance status, and employment all explained a 4.8 percentage point disparity in Hispanic respondents (32). Similarly, the Agarwal et al. article corroborates that vaccination disparities are somewhat explained by socioeconomic factors such as employment and education. They state, “Indicators of four of five social determinants of health, excluding healthcare access and quality, are significantly associated with the CVD [Covid-19 Vaccination Disparities]” (30). The social determinants of health that Agarwal et al. point out as affecting COVID-19 vaccination rates include economic stability, education access and quality, neighborhood and built environment, and social and community context on racial disparities in COVID-19 vaccination rates (30). Moreover, the authors found that median income, disparities in high school graduation, and rates of internet penetration all affected the COVID-19 racial vaccine disparity while rates of internet penetration and vehicle ownership rate did not affect the influenza racial vaccine disparity. Notably, the study also found that political ideology was strongly and negatively correlated with COVID-19 racial vaccine disparities (30). As shown here, COVID-19 vaccination rates can be partially explained by differences in income and education between White and Black Americans, as well as differences in political ideology. Interestingly, access to information on COVID-19 by using laptops and smartphones is not a factor that affects discrepancies in vaccination rates between the races. The authors Njoku et al. posit that factors such as vaccine hesitancy are not as prevalent of factors when explaining differences in vaccination rates between different races and ethnicities. They argue that vaccine hesitancy is too easily accepted as the reason for poor uptake of a vaccine, when in reality, other factors such as difficulties in accessing or acquiring the vaccine, quality of healthcare services, and confidence in the vaccine actually account for poor uptake. Thereby, they argue that, in order to alleviate current racial and ethnic disparities in vaccine uptake, healthcare providers need to acknowledge the role of structural racism in preventing access to health insurance, healthcare providers, and credible and convenient access to vaccines to work past these barriers and provide communities of color the proper care they deserve (29). 
Comparing factors that explain disparities in influenza vaccinations between different races and ethnicities may be important in uncovering the reasoning behind the different distributions of infections between COVID-19 and influenza patients observed in our study. In the article “Factors contributing to racial disparities in influenza vaccinations” by Vupputuri et al., the authors found that Black members of the study had 42% lower odds of receiving an influenza vaccine compared to White members. Upon further investigation, the authors found that age, neighborhood income, and registration on the online vaccine portal all contributed to differences in vaccination rates, albeit only a small percentage of the disparity (33). In Agarwal et al. the authors found that the weighted average in influenza vaccination disparities across counties was 18.8 percentage points (30). They found that while disparities in overall median income, high school graduation, and the proportion of Black population in a county are unrelated or only play a small role in accounting for influenza racial vaccine disparities, these factors play a much larger role in accounting for COVID-19 racial vaccine disparities. Notably, political ideology was found to be negatively associated for both racial vaccine disparities, although the relationship was weaker for influenza as compared to COVID-19. These differences in the factors that affect disparities in COVID-19 vaccination compared to influenza vaccination suggest that differences in political ideology, education, and median income play a bigger role in disparities vaccination coverage for COVID-19 compared to influenza. In addition, the racial makeup of a county affects vaccination coverage for COVID-19, while this is not the case for influenza, suggesting that the counties with more Black patients are not receiving access to COVID-19 vaccinations. Considering that a large part of the patient population that Monroe Carell Jr. Children’s Hospital serves is of Republican political ideology, it is possible that political concerns about the COVID-19 vaccine affected the disparities in the distribution of vaccination observed in our study. 
Recent news in popular media has questioned the existence of structural racism and even suggested that racial and ethnic disparities do not exist in the United States. The findings from this sub-analysis strongly suggest otherwise. The reality of vaccination rates in the United States showcase an almost universal Black-White disparity in influenza and COVID-19 vaccinations, as well as a substantial Hispanic-White disparity as well. Suggesting that structural racism does not exist in the popular media, in line with certain political ideologies, promotes a dangerous perception of the current reality of healthcare in the United States and places the blame on those facing barriers to receiving vaccines over the system that makes it difficult for these populations to access quality and adequate access to vaccines. Thereby, it is important to continue to acknowledge the roles that structural racism plays in limiting access to vaccines in communities of color so that viable solutions can be developed to overcome these barriers.
Recommendations for closing racial and ethnic disparities in vaccinations
Curbing racial and ethnic vaccination disparities for any of the three viruses, however, will require concerted governmental, political, and community efforts to address the changeable factors described above. As Siegel et al. state, “Campaigns to reduce the racial disparity in vaccination should therefore focus not merely on trying to persuade people to get vaccinated, but on reducing the structural barriers that stand in the way” (31). Njoku et al. provide multiple suggestions of how to alleviate disparities in COVID-19 vaccination disparities specifically. For example, they suggest that messaging around COVID-19 vaccination be tailored to the main concerns of a certain race or ethnicity to encourage vaccination in those communities. They state that the current messaging around encouraging the uptake of the COVID-19 vaccine involves arguing that the vaccine “… is very effective, protects on from illness, and provides an opportunity to get back to everyday life…”. However, the authors argue that some studies have found that Black and Hispanic adults are more concerned with experiencing severe side effects from the vaccine, providing an opportunity for clinicians to particularly address these concerns and thereby increase the uptake of the COVID-19 vaccine within these communities (29). As showcased here, by taking the time to understand the underlying hesitation against the vaccine in different races and ethnicities, healthcare providers can better understand the concerns of these groups and tailor their care and messaging about vaccines specifically to those concerns, thereby encouraging more Black and Hispanic Americans to become vaccinated against COVID-19. Other initiatives could include increasing the health literacy of minority races and ethnicities with the help of trusted community partners to encourage community members to vaccinate themselves against COVID-19. Njoku et al. suggest that increasing the health literacy of communities of color through education and communication programs as well as including culturally sensitive, targeted, and accessible messaging is crucial for decreasing racial disparities in COVID-19 (29). Governments can also take advantage of the power of trusted community members to establish trusted points of access for minority race and ethnic members of a community to receive their vaccinations at. Njoku et al. emphasize that points of access for receiving the vaccine should be easily accessible and constitute multiple versions, include drive-up or walk-in options to maximize the number of patients who can receive vaccinations. Vaccination sites can also be held at community centers, libraries, schools, or faith-based organizations to increase the visibility and the ease which a minority race or ethnic member could receive their vaccine. Taken together, all of these types of initiatives can play a role in addressing the root cause of vaccination disparities and can help alleviate the disparities in the distribution of races and ethnicities between the three viruses we noted in our study. 
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Tables and Figures: 
Table 1: Demographic and clinical characteristics of 1,718 pediatric patients by type of virus

	Characteristic
	Influenza (N=188; 10.9%)a
	RSV (N=1,022; 59.5%)b
	COVID-19 (N=535; 31.1%)c
	Total (N=1,718)d, e	Comment by Jimenez, Natalia: 188+1022+535=1745. I thought the total was 1732 before excluding those with coinfections or >19 years old? Please check totals. Might need to recalculate percentages
	p-valuef (N=1,691)

	Demographics
	
	
	
	
	

	Median age in years (range)	Comment by Banerjee, Ritu: P<.001 rather than 0	Comment by Jimenez, Natalia: Agree on both comments
	5.18 (0.02 -17.68)	Comment by Jimenez, Natalia: Some have 2 decimals and some have 1 decimal. Best to be consistent. P values are ok to have 2 or 3 decimals.	Comment by Banerjee, Ritu: I think you should just go out to 2 decimal places throughout the table  
	0.61 (0.11 -18.43)
	6.06 (0 - 18.96)
	1.35 (0 - 18.96)
	p < 0.001g

	Male sex
	108 (57.4%)
	547 (53.5%)
	278 (52.0%)
	922 (53.7%)
	p = 0.56h

	Race
	
	
	
	
	p < 0.001h

	Asian
	5 (2.66%)
	6 (0.587%)
	3 (0.561%)
	14 (0.815%) 
	

	Black or African American
	27 (14.4%)
	142 (13.9%)
	114 (21.3%)
	279 (16.2%)
	

	White
	126 (67.0%)
	673 (65.9%)
	320 (59.8%)
	1,104 (64.3%)
	

	Other Race/Unknown
	30 (16.0%)
	201 (19.7%)
	98 (18.3%)
	321 (18.7%)
	

	Ethnicity
	
	
	
	
	p < 0.001h

	Hispanic or Latino
	42 (22.3%)
	185 (18.1%)
	100 (18.7%)
	320 (18.6%)
	

	Not Hispanic or Latino
	81 (43.1%)
	345 (33.8%)

	150 (28.2%)
	572 (33.3%)
	

	Unknown
	65 (34.6%)
	492 (48.1%)
	285 (53.3%)
	826 (48.1%)
	

	LOS, median days (range)
	2.67 (0.39 -57.55)
	2.79 (0.01 -98.46)
	2.64 (0.06 -285.59)
	2.75 (0.06-285.59)
	p = 0.28g

	Severity
	
	
	
	
	

	ICU
	55 (29.3%)
	462 (45.2%)
	117 (21.9%)
	618 (36.0%)
	p < 0.001h

	Mechanical Ventilation
	23 (12.2%)
	108 (10.6%)
	63 (11.8%)
	187 (10.9%)
	p = 0.79h

	ECMO
	2 (1.1%)
	4 (0.39%)
	4 (0.75%)
	10 (0.58%)
	p = 0.41h

	Death
	3 (1.60%)
	16 (1.57%)
	31 (6.23%)
	48 (2.79%)
	p < 0.001h

	Number of diagnosis codes
	
	
	
	
	

	0-1 
	39 (20.7%)
	340 (33.3%)
	133 (24.9%)
	509 (29.6%)
	p < 0.001h

	2-3 
	81 (43.1%)
	436 (42.7%)
	189 (35.3%)
	693 (40.3%)
	p = 0.01h

	>3 
	68 (36.2%)
	246 (24.1%)
	213 (39.8%)
	516 (30.0%)
	p < 0.001h

	Total 	Comment by Banerjee, Ritu: What does this Total refer to?
	149 (79.3%)
	682 (66.7%)
	402 (75.1%)
	1,209 (70.4%)
	p < 0.001h

	Microbiology
	
	
	
	
	

	Bacterial Infection 
	15 (8.0%)
	70 (6.9%)
	55 (10.3%)
	138 (8.0%)
	p = 0.03h

	Blood
	5 (2.7%)
	23 (2.3%)
	18 (3.4%)
	45 (2.6%)
	

	Respiratory
	8 (4.3%)
	34 (3.3%)
	16 (3.0%)
	57 (3.3%)
	

	Urine
	1 (0.53%)
	11 (1.08%)
	18 (3.36%)
	30 (1.7%)
	

	Other bodily fluid
	1 (0.53%)
	2 (0.20%)
	2 (0.37%)
	5 (0.29%)
	

	Other
	0
	0
	1 (0.19%)
	1 (0.06%)j	Comment by Banerjee, Ritu: What specimen source is this?  You should include a footnote about this at bottom of table.
	

	Inflammatory Markers
	
	
	
	
	

	Inflammatory markers (PCT or CRP) measured 
	87 (46.3%)
	305 (29.8%) 
	296 (55.3%) 
	671 (39.1%)
	p < 0.001h

	Elevated inflammatory markers
[PCT (≥0.5 ug/mL) or CRP (≥50 mg/L)]i
	44 (50.6%)	Comment by Banerjee, Ritu: Should the denominator be # with PCT or CRP result, rather than all flu patients?  So this should be 44/87 (50.5%)?	Comment by Jimenez, Natalia: Agree
	124 (40.7%)
	102 (34.5%)
	264 (39.3%)
	p < 0.001h

	Very elevated inflammatory markers [PCT (>1 ug/mL) or CRP (>100 mg/L)]i
	29 (33.3%)
	81 (26.6%)
	51 (17.2%)
	156 (23.2%)
	p < 0.003h

	PCT, median (range)
[n=426]
	0.58 (0.06 - 100)
	0.28 (0.06 - 100)
	0.17 (0.06 -100)
	0.24 (0.06 - 100)
	p < 0.001g

	CRP, median (range) [n=378]
	38.65 (1 -295.3)
	32.7 (0.2 - 367.6)
	24.7 (0.2 -361.8)
	30.9 (0.2 - 480)
	p = 0.20g

	Antibiotic Treatment
	
	
	
	
	

	Received any antibiotics
	114 (60.6%)
	421 (41.2%) 
	260 (48.6%)
	785 (45.7%)
	p < 0.001h

	Duration of antibiotics
	
	
	
	
	

	No antibiotics
	74 (39.4%)
	601 (58.8%)
	275 (51.4%)
	933 (54.3%)
	p < 0.001h

	1-3 days
	42 (22.3%)
	185 (18.1%)
	109 (20.4%)
	331 (19.3%)
	p = 0.28h

	>3 days
	72 (38.3%)
	236 (23.1%)
	151 (28.2%)
	454 (26.4%)
	p < 0.001h

	Antibiotics DOT median, range [n=775]
	5 (1 - 93)
	4 (1 - 94)
	5 (1 - 401)
	4 (1 - 401)
	p = 0.40g



a Hospital admission from 12/20/2020 - 05/27/2023
b Hospital admission from 04/01/2021 - 05/03/2023
c Hospital admission from 04/06/2020-2/14/2022
d Hospital admission from 04/06/2020 - 05/27/2023	Comment by Banerjee, Ritu: Could put this information in a footnote rather than a row in the data table
e 7 participants had influenza and RSV coinfection; 3 had influenza and COVID-19; 17 had RSV and COVID-19
f Excluding those with multiple concurrent viral infections
g Kruskal Wallis H test 
h Pearson Chi2 test 
i Percent of those with PCT or CRP obtained
j Bacterial specimen was cultured from a wound.

LOS, length of stay
ECMO, extracorporeal membrane oxygenation
PCT, procalcitonin
CRP, C-reactive protein
DOT, days of therapy











Table 2: Multivariable analysis to determine predictors of receiving >3 days of antibiotic therapy

	Characteristic	Comment by Banerjee, Ritu: I suggest swapping this table out with the model for >3 days of antibiotics
	Odds Ratio
	95% CI
	P-Value

	Age
	1.00
	0.98 – 1.03
	0.832

	Asian
	1.11
	0.32 – 3.85
	0.872

	Black or African American
	0.85
	0.60 – 1.22
	0.383

	Other Race
	1.03
	0.74 – 1.42
	0.883

	Elevated CRP (>50 mg/L) or PCT (>0.5 ug/L)
	4.22
	3.07 – 5.79
	<0.001

	>3 diagnosis codes
	3.50
	2.68 – 4.56
	<0.001

	Mechanical Ventilation
	5.15
	3.31– 8.01
	<0.001

	ICU
	1.05
	0.77 – 1.43
	0.754

	Influenza
	1.88
	1.25 – 2.82
	0.002

	COVID
	0.98
	0.70 – 1.37
	0.901





[image: A graph of a number of patients with influenza

Description automatically generated with medium confidence]
Figure 1: Bacterial co-infection and antibiotic utilization among patients hospitalized with influenza, RSV, and COVID-19. Black, percentage of patients who had a culture-confirmed bacterial infection, including respiratory specimens; gray, percentage of patients who received at least one dose of antibiotic; horizontal lines, percentage of patients who received >3 days of antibiotics.	Comment by Banerjee, Ritu: While I like that you made the figure black and white, perhaps more contrasting colors would be better, like solid black, solid white, and pattern?	Comment by Banerjee, Ritu: Including or excluding resp cultures?  Should specify in the legend	Comment by Banerjee, Ritu: Can you make the legend in the graph say ">1 dose of antibiotics" to match with the figure legend
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Figure 2: Bacterial co-infection and antibiotic utilization by inflammatory markers and severity of illness. Very elevated, [PCT (>1 ug/mL) or CRP (>100 mg/L)]; elevated, [PCT (≥0.5 ug/mL) or CRP (≥50 mg/L)]; normal, [PCT (<0.5 ug/mL) or CRP (<50 mg/L)]. Black, percentage of patients who had a culture-confirmed bacterial infection, including respiratory cultures; gray, percentage of patients who received at least one dose of antibiotic. ICU, intensive care unit	Comment by Banerjee, Ritu: Including or excluding resp cultures?  Should specify in the legend
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