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Abstract

Background.—Descriptions of changes in invasive bacterial disease (IBD) epidemiology during
the coronavirus disease 2019 (COVID-19) pandemic in the United States are limited.

Methods.—We investigated changes in the incidence of IBD due to Strepfococcus pneumoniae,
Haemophilus influenzae, group A Streptococcus (GAS), and group B Streptococcus (GBS). We
defined the COVID-19 pandemic period as 1 March to 31 December 2020. We compared observed
IBD incidences during the pandemic to expected incidences, consistent with January 2014 to
February 2020 trends. We conducted secondary analysis of a health care database to assess
changes in testing by blood and cerebrospinal fluid (CSF) culture during the pandemic.

Results.—Compared with expected incidences, the observed incidences of IBD due to S.
pneumoniae, H. influenzae, GAS, and GBS were 58%, 60%, 28%, and 12% lower during

the pandemic period of 2020, respectively. Declines from expected incidences corresponded
closely with implementation of COVID-19-associated nonpharmaceutical interventions (NPIs).
Significant declines were observed across all age and race groups, and surveillance sites for S.
pneumoniae and H. influenzae. Blood and CSF culture testing rates during the pandemic were
comparable to previous years.

Conclusions.—NPIs likely contributed to the decline in IBD incidence in the United States in
2020; observed declines were unlikely to be driven by reductions in testing.

Keywords
COVID-19; United States; invasive bacterial disease; nonpharmaceutical intervention

Invasive bacterial disease (IBD), such as bacteremic pneumonia, meningitis, and sepsis, are
leading causes of global morbidity and mortality. Common community-acquired causes of
IBD include Streptococcus pneumoniae, Haemophilus influenzae, group A Streptococcus
(GAS), and group B Streptococcus (GBS) [1, 2]. In the United States, IBD due to these
pathogens is monitored at 10 sites by the Centers for Disease Control and Prevention’s
(CDC) Active Bacterial Core surveillance (ABCs). In 2019, prior to the coronavirus disease
2019 (COVID-19) pandemic, ABCs estimated that nationally the incidence of pathogen-
specific IBD per 100 000 population was 9.2 for S. pneumoniae, 2.2 for H. influenzae, 7.6
for GAS, and 9.9 for GBS [3].

Since the start of the COVID-19 pandemic, the epidemiology of other infectious diseases,
including 1BD, has changed dramatically worldwide. In a study analyzing laboratory
surveillance data from 26 countries, the incidence of IBD due to S. pneumoniae and
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H. influenzae was reported to decline sharply in all participating countries following the
introduction of COVID-19-associated nonpharmaceutical interventions (NPIs) in 2020,
while the incidence of IBD due to GBS did not [4]. To date, changes in IBD epidemiology
during the pandemic in the United States are not well described. Additionally, while
reductions in the reported incidence of IBD in other countries have been largely attributed
to the implementation of NPIs, which likely reduced transmission of causative bacteria,
the impact of potential declines in testing by blood and cerebrospinal fluid (CSF) cultures
during the pandemic on these trends remains unclear.

Given this background, we used ABCs data to compare the observed incidence of IBD

due to S. pneumoniae, H. influenzae, GAS, and GBS, overall and by age, race, and
surveillance site, during the COVID-19 pandemic period of 2020 (March—-December), with
what we would have expected had pre—-COVID-19 pandemic IBD trends continued. We
also investigated the prevalence of COVID-19-associated hospitalizations among IBD cases
identified in ABCs. Finally, using a large electronic health care database, we investigated
blood and CSF culture test utilization in 2020 to evaluate whether changes in IBD
incidences were attributable to changes in testing practices.

METHODS

Surveillance

ABCs is an active, population- and laboratory-based surveillance system that monitors

IBD due to S. prnieumoniae, H. influenzae, GAS, GBS, and Neisseria meningitidis

among residents of selected counties in California, Colorado, Georgia, Maryland, New
York, Oregon, and Tennessee, and among all residents of Connecticut, Minnesota, and

New Mexico. Methods for ABCs case ascertainment and isolate collection have been
described previously [3]. As of 2020, the total population under surveillance in ABCs was
approximately 45 million people [3]. N. meningitidis was not included in this study because
the small number of reported cases precluded a meaningful analysis.

Throughout 2020, ABCs assessed and minimized COVID-19 pandemic-related disruptions
to core surveillance activities (Supplementary Material 1). This was done by identifying
and resolving challenges in surveillance activities through communication with site-level
partners and by prioritizing case ascertainment and primary data collection over other
surveillance activities. Additionally, ABCs utilized laboratory audits to simultaneously
assess case ascertainment and capture cases missed via routine surveillance. Similar to
previous years, > 95% of IBD cases in 2020 were identified through routine surveillance
and the remaining 1%-5% of cases were captured through the laboratory audit to achieve
complete case ascertainment.

Study Design and External Data Sources

To quantify changes in IBD incidences during the COVID-19 pandemic in 2020, we

used interrupted time series analysis to generate expected monthly, pathogen-specific IBD
incidences consistent with pre-COVID-19 pandemic trends from January 2014 to February
2020 (i.e., counterfactual scenario). The COVID-19 pandemic period of 2020 was defined

J Infect Dis. Author manuscript; available in PMC 2024 March 25.
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from March to December, based on when severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2) was recognized to have widespread circulation in the United States

and when COVID-19-associated NPIs were introduced in ABCs sites (Supplementary
Material 2). The timing of NP1 implementation was informed from the Oxford COVID-19
Government Response Tracker (OXCGRT) stringency index [5]. The OXCGRT stringency
index includes data on different indicators that reflect policy measures implemented to
control the COVID-19 pandemic and is available at the state level within the United States.
Nine specific response indicators, including school and workplace closures, limits on public
gatherings, and travel bans, are combined to make a composite stringency index with a
value from 0 to 100 (100=strictest). For the purposes of this study, daily stringency index
data were downloaded, limited to states where ABCs is conducted, and converted to mean
monthly values.

To assess if changes in laboratory testing practices impacted observed IBD incidences,

we analyzed blood and CSF culture test utilization data from the Premier Healthcare
Database between January 2016 and December 2020. The Premier Healthcare Database

is composed of data describing health care encounters from contributing hospitals and health
care systems throughout the United States [6]. Among 380 hospitals reporting positive and
negative blood and CSF culture result data, we used International Classification of Diseases-
Tenth Revision-Clinical Modification (ICD-10-CM) codes (Supplementary Material 3) to
identify hospitalizations that had any discharge diagnosis code (primary or nonprimary)

of bacteremia, sepsis, meningitis, other IBDs, and pneumonia. Among these specified
hospitalizations, we calculated the rate of at least 1 reported blood culture test result.

For 2020, we also calculated blood culture utilization rates among COVID-19-associated
hospitalizations. Additionally, pneumonia-associated hospitalizations were stratified by
whether they also had a COVID-19 discharge diagnosis. To assess CSF culture utilization,
we calculated the rate of at least 1 CSF culture test result among hospitalizations that had
any meningitis discharge diagnosis code.

Finally, to investigate COVID-19-associated hospitalizations among IBD cases, we linked
2020 ABCs data with data from the Coronavirus Disease 2019-Associated Hospitalization
Surveillance Network (COVID-NET). COVID-NET surveillance methods have been
published previously [7]. In brief, COVID-NET is a population-based surveillance platform
and shares 64 surveillance counties and populations with ABCs. Surveillance area residents
who have a SARS-CoV-2 infection detected by molecular or rapid antigen testing during
hospitalization or within 14 days of hospitalization are defined as COVID-NET cases. For
this particular analysis, we limited to surveillance counties shared by ABCs and COVID-
NET. Among these sites, COVID-NET cases were considered associated with an ABCs case
if hospitalization occurred <120 days prior to, or following, collection of an ABCs isolate.

Statistical Analysis

We used seasonal and nonseasonal autoregressive integrated moving average (ARIMA)
models to generate expected monthly, pathogen-specific IBD incidences during the
pandemic period in 2020. Many time series data, including pathogen-specific IBD
incidences observed in ABCs, display seasonality, trend, and autocorrelation. ARIMA

J Infect Dis. Author manuscript; available in PMC 2024 March 25.
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models are able to account for such features in time series data to produce unbiased
estimates [8] (Supplementary Material 4).

To assess if changes in IBD incidences differed by demographic and geographic factors,
stratified analyses were performed by developing separate pathogen-specific models for

5 age groups (0-4, 5-17, 18-49, 50-64, and =65 years) and by the 10 ABCs sites.
Long-standing systemic health and social inequities have put some racial groups at
disproportionate risk of getting certain diseases, having overall poor health, and having
worse outcomes. Therefore, we also carried out stratified analysis for 3 race groups (black,
white, other) to assess if changes in IBD incidences during the pandemic differed among
these groups. Finally, a model specific to invasive GBS disease among infants aged <90
days was also developed, as the epidemiology of GBS differs among neonates and includes
vertical transmission during childbirth and close contact transmission in the neonatal
period [9]. Moreover, we hypothesized that COVID-19-associated NPIs would impact these
transmission pathways the least, thus any dramatic declines in incidence in this group could
be indicative of changes in surveillance and culturing practices.

Each model was fit to monthly incidences from January 2014 to February 2020 (pre-
COVID-19 pandemic period). Best fitting models were determined by comparing potential
candidate models in terms of residuals, variance, and autocorrelation. Once the best fitting
ARIMA models were determined, 100000 scenarios of expected, pathogen-specific IBD
incidences, for each month during the 10-month pandemic period were simulated. The
median monthly incidences from these simulations represented the expected monthly
incidence. The 2.5th and 97.5th percentiles of these simulations represented the upper and
lower 95% interval estimates (95% IEs) of the point estimates. Monthly incidences were
multiplied by 12 to generate annualized incidences. We estimated the COVID-19 pandemic
effect as the ratio between observed and expected incidences during the 10-month pandemic
period of 2020. Finally, to clearly visualize changes in pathogen-specific IBD incidences
relative to implementation and stringency of COVID-19-associated NPIs, observed and
expected cumulative incidences were plotted against the mean monthly OXCGRT stringency
index, overall and by each state where ABCs is conducted. All analyses were performed in
R version 4.0.4 with modeling fitting for ARIMA models done using the forecast package
[10]. This activity was reviewed by the CDC and was conducted consistent with applicable
federal law and CDC policy.

In the 5 years prior to the COVID-19 pandemic period of 2020, S. pneumoniae incidence
was stable, but with pronounced annual seasonality. In contrast, H. influenzae, GAS, and
GBS incidences increased over time in addition to displaying annual seasonality. In March
2020, there was a considerable decline in the incidences of IBD due to S. pneumoniae, H.
influenzae, GAS, and GBS, compared with expected incidences (Figure 1). This decline
corresponded closely with COVID-19-associated NPl implementation (Figure 2). While
there was variation in NPI stringency over the COVID-19 pandemic period of 2020,
stringency index values remained substantially higher than values reported during the pre-
COVID-19 pandemic period of January-February 2020 (Figure 2).

J Infect Dis. Author manuscript; available in PMC 2024 March 25.
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Following NPI implementation, the reduction in IBD incidences were sustained for the
remaining period of 2020 for all pathogens except for GBS, which showed an increasing
trend from April to July 2020. Overall, compared with expected incidences, the observed
incidences of IBD due to S. pneumoniae, H. influenzae, GAS, and GBS were 58%, 60%,
28%, and 12% lower during the pandemic period of 2020, respectively.

Stratified analyses found significantly lower than expected incidences among all age groups
for S. pneumoniae and H. influenzae (Figure 3 and Figure 4). However, there was some
variation in the magnitude of decline, with a greater decline from expected incidence
observed for S. pneumoniae among children aged 5-17 years compared to other age groups.
For GAS, significantly lower than expected incidences were observed among all age groups
except for adults aged 18-49 years (Figure 5). Finally, the incidence of IBD due to GBS was
only significantly lower than expected among adults aged =50 years (Figure 6).

Significantly lower than expected incidences were observed among all race groups for

S. pneumoniae, H. influenzae, and GAS (Figure 3 and Figure 4). While declines from

the expected incidences were of similar magnitude across race groups for S. pneumoniae,
the incidence remained highest among black people. For GBS, declines from expected
incidences were significant and of similar magnitude among black and white people, but
were not significantly lower than expected among people within the other race group (Figure
6).

Finally, when stratified by ABCs sites, overall incidences were significantly lower than
expected across all sites for S. pneumoniae and H. influenzae (Figure 3 and Figure 4) and
corresponded closely with NPI implementation (Supplementary Material 1). In contrast,
declines from expected incidences varied by ABCs site for GAS and GBS (Figure 5 and
Figure 6).

Blood and CSF Culture Utilization

Analysis of IBD and COVID-19-associated hospitalizations within the Premier Healthcare
Database found blood culture utilization rates in 2020 to be slightly higher than previous
years (2016-2019), overall and when stratified by specific diagnosis groups (Table 1).
Among pneumonia-associated hospitalizations in 2020, blood culture utilization rates were
comparable, regardless of whether patients had a COVID-19 discharge diagnosis. Among
COVID-19-associated hospitalizations in 2020, over 60% were reported to have a blood
culture. Finally, the CSF culture utilization rate among hospitalizations with a meningitis-
related diagnosis was also comparable to rates observed in previous years.

COVID-19-Associated Infections Among Invasive Bacterial Disease Cases

In 2020, of the 5518 IBD cases identified in ABCs sites that also had COVID-NET
surveillance, 200 (3.6%) were associated with a SARS-CoV-2—positive COVID-NET
hospitalization <120 days prior to or following ABCs isolate detection. Of these 200
IBD cases, 76 (38%) had a COVID-NET hospitalization within 14 days of ABCs isolate
detection (Supplementary Material 5). The most common pathogen among the 200 IBD
cases with an associated COVID-19 hospitalization was GBS, accounting for 80 (40%)

J Infect Dis. Author manuscript; available in PMC 2024 March 25.
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cases. The mean age of the 200 IBD cases with an associated COVID-19 hospitalization was
61 years (range, 55-74 years).
Discussion

Using robust, population-based surveillance data, we observed a decline in the incidence of
IBD due to S. pneumoniae, H. influenzae, GAS, and GBS in the United States in March
2020, which corresponded closely with the implementation of NPIs to control COVID-19.
This overall decline in incidence was sustained for the remaining period of 2020 for IBD
due to S. pneumoniae, H. influenzae, and GAS but not for GBS. Moreover, the incidence of
IBD due to GBS was not significantly lower than expected among infants aged <90 days, a
group in whom transmission was potentially least impacted by COVID-19-associated NPIs.
Finally, secondary analysis using a large health care database indicated that blood and CSF
culture test utilization in 2020 were comparable to prepandemic years, suggesting that the
significant reduction in IBD incidences observed in the United States were unlikely to be
driven by declines in testing.

The greatest declines from expected IBD incidences were observed for S. pneumoniae
(58%) and H. influenzae (60%), which, like SARS-CoV-2, are primarily transmitted via
the respiratory route [11, 12]. Additionally, for both pathogens, declines from expected
incidences were significant across age and race groups, and ABCs sites, thus supporting
the assertion that COVID-19-associated NP1 implementation likely reduced respiratory
transmission of these bacteria. In addition to reducing direct bacterial transmission, it is
also likely that COVID-19-associated NPIs reduced the transmission of other respiratory
viruses that are known to increase the risk of IBD due to these pathogens. Two of the
most commonly implicated viruses in such secondary bacterial infections are influenza [13]
and respiratory syncytial virus [14], both of which showed rapid and sustained declines in
transmission in the United States between March and December 2020 [15, 16].

At the onset of the COVID-19 pandemic there were concerns that SARS-CoV-2 infections
would lead to a rise in secondary bacterial infections, similar to what was observed

in previous influenza pandemics [17]. However, secondary community-acquired bacterial
infections following SARS-CoV-2 infection were infrequently detected in 2020 [18, 19]

and SARS-CoV-2—positive hospitalizations were rarely associated with ABCs cases in

this study. Furthermore, Premier data indicated that over 60% of COVID-19-associated
hospitalizations in 2020 had at least one blood culture test, suggesting that this low detection
rate was unlikely to be driven by a lack of testing.

In contrast to S. pneumoniae and H. influenzae, declines from expected incidences for
GAS, which is a bacterial pathogen that can be transmitted through both respiratory droplets
and close contact, were lower (28% overall) and nonsignificant in certain age and ABCs
site groups. Notably, the greatest declines from expected incidences were observed among
children and adolescents, age groups among whom transmission of GAS may have been
reduced due to school closures in 2020 [20, 21]. Additionally, there was a nonsignificant
decline from the expected GAS incidence among adults aged 18-49 years. It is possible that
certain populations, such as people experiencing homelessness and people who inject drugs,

J Infect Dis. Author manuscript; available in PMC 2024 March 25.
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who are concentrated in this age group and have significantly higher rates of invasive GAS
disease than the general population [22], were unable to socially distance, or had risk factors
that were less impacted by COVID-19-associated NPIs, and thus contributed to this finding.

IBD incidence due to GBS, a nonrespiratory bacterial pathogen, were only modestly lower
than expected (12% overall) and this decline was driven exclusively by lower-than-expected
incidences among adults aged =50 years. While the transmission of GBS among older adults
remains poorly understood, it is possible that COVID-19-associated NPIs reduced some
transmission in this age group, particularly among nursing home residents, who have a
higher reported incidence of invasive GBS disease [23] and were likely to be in settings with
more stringent COVID-19-associated NPIs in 2020. Finally, the low decline from expected
GBS incidences during the pandemic may also explain why it was the most common
pathogen among IBD cases with an associated COVID-19 hospitalization.

Previous studies have highlighted the substantial decline in the incidence of IBD since

the start of the COVID-19 pandemic [4, 18, 24-26]. The strength of this analysis is the
investigation of changes in the incidence of IBD by age, race groups, and geographic regions
within the United States using an active, multistate population-based surveillance system
with complete case ascertainment. Moreover, this was done in conjunction with secondary
analysis of a large health care database that assessed whether observed declines in IBD
incidences were potentially driven by lower blood and CSF culture test utilization during the
COVID-19 pandemic.

Our analysis has some limitations. First, we could not assess if changing health care
seeking behaviors during the pandemic contributed to declines in IBD incidences. However,
as invasive diseases are a severe medical condition, it is unlikely that the significant
declines observed in this study were driven by changes in health care seeking behavior

and reduced hospital admissions. Second, we were unable to investigate if increases in
inpatient antibiotic use during the pandemic impacted IBD detection and thus contributed to
observed declines in incidence. Third, we were unable to report changes in IBD incidences
stratified by ethnicity, due to a high level of missingness of these data. Additionally, the
small number of cases in specific age, race, and geographic region subgroups limited

our ability to examine differences by further stratifications and may have impacted

our ability to detect statistically significant differences. Fourth, disruptions in laboratory
processing timelines during the pandemic precluded analysis of 2021 data as well as our
ability to investigate changes in microbiologic characteristics of ABCs pathogens and
warrants further investigation. Fifth, the OXCGRT stringency index used in this study
reflects policy measures implemented to control the COVID-19 pandemic and does not
necessarily reflect behavior; however, other mobility indices indicated that substantial social
distancing occurred in March 2020 across all ABCs surveillance sites [27]. Sixth, it was

not possible to evaluate changes in culturing practices at ABCs sites and it is possible

that clinical laboratories in ABCs catchment areas differed from those captured in the
Premier Healthcare Database. Finally, our analysis of changes in culturing practices from the
Premier Healthcare Database was based on administrative data that could be susceptible to
misclassification and other forms of biases.

J Infect Dis. Author manuscript; available in PMC 2024 March 25.
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Conclusion

This study demonstrates that COVID-19-associated NPIs were likely major contributors to
the declines in IBD incidences observed during the first year of the COVID-19 pandemic

in the United States. Moreover, such declines were unlikely to be driven by changes in
surveillance practices or reductions in blood and CSF culture test utilization. The COVID-19
pandemic has revealed the complex interplay of conditions that influence infectious disease
burden and epidemiology. As such conditions continue to evolve, further descriptions of
changes in IBD incidences, associated respiratory viral coinfections, and culture utilization
rates are crucial for contextualizing future trends and for informing surveillance and
preventative strategies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Overall observed pathogen-specific invasive bacterial disease (IBD) incidence from 2014 to

2020 and expected IBD incidence during the COVID-19 pandemic, March-December 2020,
Active Bacterial Core Surveillance, United States. Y-axes vary by pathogen.
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Figure 2.
Overall observed and expected cumulative pathogen specific invasive bacterial disease

(IBD) incidences relative to Oxford COVID-19 Government Response Tracker (OXCGRT)
stringency index data, Active Bacterial Core Surveillance (ABCs), United States. Colored
panels represent the mean monthly OXCGRT stringency index values across US states
where ABCs is conducted. The stringency index is a composite measure including data on
different indicators such as school and workplace closures, limits to public gatherings, and
travel bans that reflect government responses to the COVID-19 pandemic. The index ranges
from a value of 0 to 100, with higher (darker) values indicating more intense stringency
measures. Red lines represent the observed cumulative incidences in 2020; dark solid lines
represent the expected cumulative incidences during the pandemic period generated from
autoregressive integrated moving average (ARIMA) models; dashed lines represent the 95%
interval estimates of the expected incidences. Y-axes vary by pathogen.
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Figure 3.

Observed and expected Streptococcus pneumoniae-specific invasive bacterial disease
incidences per 100 000, and IRR, overall and by age, race, and surveillance site during the
COVID-19 pandemic, March-December 2020, Active Bacterial Core Surveillance, United
States. Abbreviations: IE, interval estimate; IRR, incidence rate ratio.
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Observed and expected Haemophilus influenzae-specific invasive bacterial disease
incidences per 100 000, and IRR, overall and by age, race, and surveillance site during the
COVID-19 pandemic, March-December 2020, Active Bacterial Core Surveillance, United

States. Abbreviations: IE, interval estimate; IRR, incidence rate ratio.
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Figure5.

Observed and expected group A Streptococcus-specific invasive bacterial disease incidences
per 100 000, and IRR, overall and by age, race, and surveillance site during the COVID-19
pandemic, March-December 2020, Active Bacterial Core Surveillance, United States.

Abbreviations: IE, interval estimate; IRR, incidence rate ratio.
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Observed and expected group B Streptococcus-specific invasive bacterial disease incidences
per 100 000, and IRR, overall and by age, race, and surveillance site during the COVID-19
pandemic, March-December 2020, Active Bacterial Core Surveillance, United States. A
model specifically assessing changes in invasive group B Streptococcus disease incidence
among infants aged <90 days was developed, with incidence calculated per 100,000 live
births. Infants aged <90 days were also included within the 0—4 year age group model.
Abbreviations: IE, interval estimate; IRR, incidence rate ratio.
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