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CDC is pleased to announce the launch of the CDC Yellow Book 2026. The CDC Yellow Book is a resource  
containing the U.S. government’s travel medicine recommendations and has been trusted by the travel medicine 
community for over 50 years. Healthcare professionals can use the print and digital versions to find the most  
up-to-date travel medicine information to better serve their patients’ healthcare needs. 

The CDC Yellow Book is available online now at www.cdc.gov/yellowbook and in print starting in June 2025 
through Oxford University Press and other major online booksellers.
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Infection-associated chronic conditions and illnesses 
(IACCIs) are a variety of health consequences that 

occur after an acute infection (1). Chronic sequelae 
considered IACCIs include various combinations of 
infection-associated organ damage, autoimmune con-
ditions, and persistent unexplained systemic symp-
toms, such as debilitating fatigue, postexertional mal-
aise, cognitive impairment, musculoskeletal pain, and 
sleep disorders (1). The health and societal impact of 
long COVID over the past 5 years, and recognition of 
long COVID as an IACCI, has reinvigorated the study 
of these poorly understood disorders (2–7).

This supplement of Emerging Infectious Diseases 
features a series of studies undertaken by the Cen-
ters for Disease Control and Prevention to increase 
awareness and understanding of IACCIs and to high-
light available prevention and treatment resources 
for public health practitioners, healthcare providers, 
and the public. The supplement includes research re-
garding IACCIs occurring after infections caused by 
SARS-CoV-2 (COVID-19), respiratory syncytial virus, 
Giardia lamblia, Coccidioides immitis, Borrelia burgdorferi 
and other Borrelia species (Lyme disease), and West 
Nile virus. The studies describe various approaches 
to characterizing IACCIs, which include measuring 
prevalence, persistence, management, and duration 
of a defined syndrome; assessing absenteeism attrib-
utable to an IACCI; and estimating risk for life-threat-
ening sequalae, such as increased thrombotic events.

IACCIs can emerge with a heterogenous range 
of signs, symptoms, and laboratory results and are 
not consistent in duration, presentation, or severity, 
even when grouped according to the known or sus-
pected previous infection, suggesting that multiple 
underlying mechanisms could be responsible for 

illness (1,2). Suspected mechanisms include contin-
ued immune stimulation from antigens or contin-
ued infection in a sequestered body site that cannot 
be sampled, reactivation of latent viruses, autoim-
mune responses, microbiome dysbiosis, persistent 
tissue damage, disordered coagulation, and dis-
rupted nerve signaling (1,2). IACCIs cause marked 
disruption to a patient’s ability to return to work 
or school or to resume their life as it was before the 
inciting infection. Complicating the frustrated pa-
tient’s predicament, clinicians attempting unproven 
treatments (e.g., repeated antibiotic courses) might 
exacerbate illness by introducing additional risks or 
temporarily masking potentially treatable causes.

The medical community now has a framework 
for how research on IACCIs should be developed. In 
2024, the National Academies of Science, Engineer-
ing, and Medicine (NASEM) proposed a definition to 
harmonize terminology and measurement approach-
es and to formulate a research agenda for “infection-
associated chronic illnesses” (authors in this supple-
ment have used the term IACCI to also include health 
conditions that also are debilitating) (2). In terms of 
IACCIs attributable to COVID-19, NASEM proposed 
a long COVID definition, and the American Academy 
of Physical Medicine and Rehabilitation established 
the Multi-Disciplinary Post-Acute Sequelae of SARS-
CoV-2 Infection Collaborative to develop multidisci-
plinary guidance on clinical management (8). Of note, 
many of the IACCIs discussed in this supplement 
have similarities to or include myalgia encephalomy-
elitis and chronic fatigue syndrome in their definition. 
Although questions remain regarding the pathophys-
iology of each, adapting clinical management of such 
syndromes to IACCIs may be useful (9,10).

Patients suffering with IACCIs often receive 
misdiagnoses or become stigmatized, both of which 
impede potentially beneficial clinical management  
strategies. Without an understanding of pathophysi-
ology, diagnosis, treatment, and care for patients with 
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IACCIs, healthcare providers will continue strug-
gling to provide patients with accurate diagnoses and 
potentially effective treatment and support. This sup-
plement aims to provide additional insights into sev-
eral IACCIs and focus more attention on these poorly 
understood conditions.
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Stroke and thrombotic events are known sequelae 
of respiratory viral illnesses, including influenza 

and COVID-19 (1–5). Since the onset of the COVID-19 
pandemic, studies have documented an increased risk 
for embolic events, including ischemic stroke, in the 
first 30 days after a COVID-19 infection, with a >2-fold 
greater risk compared with people without COVID-19 
(6,7). Several studies have found the risk for ischemic 
stroke is higher in those with severe acute illness 
(8,9). Among children, who have fewer strokes and 
thromboembolic events, 2 studies found an increased 
risk for stroke after COVID-19 (10,11). Although 
the mechanisms remain under investigation, the  

hypothesized pathophysiology that leads to increased 
stroke and thromboembolic events among patients 
with COVID-19 include endothelial cell damage 
(12,13), a viral-triggered exaggerated immune response 
and cytokine storm (14), and persistent microthrombi 
formation and fibrin amyloid microclots (15,16).

Limited information exists on stroke and throm-
botic events in the postillness period beyond 30 days 
after COVID-19 infection. Many patients with risk 
factors for stroke, such as hypertension, high choles-
terol, and smoking, might recover from COVID-19 
but experience an elevated risk for thrombotic events 
beyond 30 days. In addition, whether the risk for 
stroke and thrombotic events in the months after 
SARS-CoV-2 infections is similar to that for other re-
spiratory viruses (e.g., influenza) is unknown (17,18). 
Further, previous studies have focused on earlier 
SARS-CoV-2 variants (19,20), some of which were con-
ducted before recommendations for thromboprophy-
laxis during hospitalization for COVID-19 (21), wide-
spread use of COVID-19 treatments, or COVID-19  
vaccination (19,22). Determining the incidence 
of stroke and thrombotic events in patients with  
COVID-19 or acute respiratory illnesses (ARI) in the 
31–365 days after illness could help clarify long-term 
risk among patients with COVID-19 and point to pos-
sible interventions for prevention. We investigated 
incidence of thromboembolic events and stroke in the 
31–365 days after COVID-19 diagnosis, both overall 
and by patient hospitalization status.

Thrombotic Events and Stroke in 
the Year After COVID-19 or Other 

Acute Respiratory Infection
Caroline Q. Pratt, Alexandra F. Dalton, Emily H. Koumans, Abraham Agedew, Fatima Coronado,  

Elizabeth A. Lundeen, Rebecca C. Woodruff, Jason P. Block, Mark Weiner,  
Lindsay Cowell, Jonathan D. Arnold, Sharon Saydah, PCORnet Network Partners1

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 31, No. 14, Supplement to December 2025	 S3

Author affiliations: Centers for Disease Control and Prevention, 
Atlanta, Georgia, USA (C.Q. Pratt, A.F. Dalton, E.H. Koumans,  
A. Agedew, F. Coronado, E.A. Lundeen, R.C. Woodruff,  
S. Saydah); Harvard Pilgrim Health Care Institute & Harvard  
Medical School, Boston, Massachusetts, USA (J.P. Block);  
Weill Cornell Medicine, New York, New York, USA (M. Weiner); 
The University of Texas Southwestern Medical Center, Dallas, 

Texas, USA (L. Cowell); University of Pittsburgh School of  
Medicine, Pittsburgh, Pennsylvania, USA (J.D. Arnold)

DOI: https://doi.org/10.3201/eid3114.250630

1Members of the PCORnet Network Partners group are listed at 
the end of this article.

Previous studies have documented an increased risk for 
thrombotic events 30 days after COVID-19 infection, but 
less is known about this risk beyond 30 days or com-
pared with risk after other infectious acute respiratory 
illnesses (ARIs). By using PCORnet data from April 1, 
2022–April 30, 2023, we compared the incidences of 
thrombotic events in the year after COVID-19 illness with 
other ARI diagnoses in hospitalized and nonhospitalized 
patients. Overall, the risk for any thrombotic event was 
higher among patients with COVID-19 compared with 
patients with other ARIs (incidence ratio 1.63; p<0.05). 
Nonhospitalized patients with COVID-19 had a 73% in-
creased risk for a thrombotic event in the year after acute 
illness compared with nonhospitalized patients with ARI 
(p<0.05). The increased risk for thrombotic events in the 
year after COVID-19 emphasizes the need for stroke 
awareness for patients and healthcare professionals.
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Methods
We used data from the National Patient-Centered 
Clinical Research Network (PCORnet), a national re-
search network containing comprehensive electronic 
health record data from healthcare systems across the 
United States (23). We examined the overall incidence 
of thromboembolic events and stroke, as well as the 
specific incidence of ischemic stroke, deep vein throm-
bosis (DVT), hemorrhagic stroke, transient ischemic 
attack (TIA), and cerebral venous sinus thrombosis 
(CVST), in the 31–365 days after COVID-19 diagnosis, 
overall and by patient hospitalization status, for the 
period April 1, 2022–April 30, 2023. We then used the 
incidences after an acute respiratory illness (ARI) in 
the same period as a comparison group. Because of a 
nonbillable diagnosis code being mistakenly used in 
the initial data pull, pulmonary embolism (PE) was 
not included in the analysis. Therefore, a patient with 
only a PE and no DVT diagnosed in the electronic 
health record (EHR) would not have been included 
in this analysis.

PCORnet provides data infrastructure to support 
distributed research across participating healthcare 
systems (24). PCORnet uses a Common Data Model 
to enable data interoperability and centralized que-
rying of longitudinal EHR data by using modular 
statistical programs. Queries were performed at each 
participating healthcare system by using patient-level 
EHR data; results were transmitted to investigators 
in aggregated tabular format. Patient-level data were 
stored behind institutional firewalls. 

This activity was included in a larger surveillance 
program funded through a cooperative agreement by 
the Centers for Disease Control and Prevention (CDC) 
and was deemed exempt from review under the pub-
lic health surveillance provision of the Common Rule 
by the Harvard Pilgrim Health Care institutional re-
view board. The design and analysis adhere to the 
Strengthening the Reporting of Observational Studies 
in Epidemiology reporting guidelines (25). This activ-
ity was reviewed by CDC, deemed not research, and 
was conducted consistent with applicable federal law 
and CDC policy (See e.g., 45 C.F.R. part 46.102(l)(2), 
21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 
U.S.C. §3501 et seq).

We selected the period April 1, 2022–April 30, 
2023, to account for potential temporal confound-
ing caused by changing treatment and prevention 
availability and changing predominant SARS-CoV-2 
variants. We included patients who were >5 years 
of age; had COVID-19 or other ARI during April 1, 
2022–April 30, 2023; had no evidence of pregnancy 
in the prior year; and had evidence of an encounter 

in the healthcare system in the 30–540 days before 
the COVID-19 or ARI diagnosis. An encounter with 
the healthcare system from 30–540 days prior was 
required to attempt to capture patient medical histo-
ry, including prior strokes or thrombotic events. We 
stratified data by age, sex, race (American Indian or 
Alaska Native, Asian or Native Hawaiian or Pacific 
Islander, Black or African American, multiple races 
or other, White, or missing), and ethnicity (Hispanic, 
non-Hispanic, unknown, other, or missing).

Patients with COVID-19 were identified by a pos-
itive antigen or PCR laboratory record with a posi-
tive, detected, or presumptive positive result; receipt 
of a COVID-19 medication (monoclonal antibodies, 
nirmatrelvir/ritonavir, molnupiravir, or remdesivir); 
or COVID-19 diagnostic codes U07.1 or U07.2 from 
the International Classification of Diseases, 10th Re-
vision, Clinical Modification. Patients with ARI were 
identified by an ARI or influenza diagnostic code 
(Appendix Table 1, http://wwwnc.cdc.gov/EID/
article/32/1/25-0630-App1.pdf), receipt of oseltami-
vir or baloxavir, and no COVID-19 diagnosis from 
365 days prior through 14 days after ARI diagnosis. 
Patients diagnosed with ischemic stroke, DVT, hem-
orrhagic stroke, TIA, or CVST in the 18 months before 
COVID-19 or ARI diagnosis were excluded from the 
cohorts when measuring the respective outcomes to 
better capture incident cases rather than prevalence 
or recurrent cases (26,27).

Among COVID-19 and ARI patients, cohorts 
were created on the basis of hospitalization status, 
whether or not a stroke or thrombotic event occurred, 
and the postacute period of focus. We calculated the 
incidence of any stroke or thrombotic event and the 
disaggregated categories of ischemic stroke, DVT, 
hemorrhagic stroke, TIA, or CVST in the time inter-
vals after COVID-19 or ARI diagnosis: 31–90 days, 
91–180 days, 181–365 days, and 31–365 days. Results 
were stratified according to patient hospitalization 
status (hospitalized vs. nonhospitalized from 1 day 
before through 16 days after COVID-19 or ARI diag-
nosis to reflect the period of acute illness). We chose 
those time intervals to characterize the postacute 
phase of illness (31–90 days), to remain consistent 
with the definition of long COVID (having symptoms 
for >90 days after COVID-19 diagnosis) (28), and to 
determine when events are most likely to occur (e.g., 
91–180 days vs. 181–365 days). We used χ2 testing to 
assess significant differences at p<0.05.

We calculated the incidence of any event 
per 10,000 patients. We calculated each ischemic 
stroke, DVT, hemorrhagic stroke, TIA, and CVST  
event among patients with COVID-19 or ARI and 
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stratified by hospitalization status and time from 
acute COVID-19 or ARI diagnosis. Within each pe-
riod, we calculated the 30-day incidence. We cal-
culated incidence ratios and 95% CIs on the basis 
of the normal distribution to compare the risk for 
stroke or TIA after COVID-19 versus ARI. We indi-
cated significance at p<0.05 by using Z-test to assess 
the differences of proportions.

Results
A total of 1,132,355 patients were diagnosed with 
COVID-19 and 2,301,209 patients with ARI (Ap-
pendix Table 2) during the study period. A higher 
proportion of patients who had COVID-19 were in 
older age groups (p<0.0001 by χ2 test) and had more 
chronic conditions (p<0.0001 by χ2 test) compared 
with patients who had ARI. Among patients diag-
nosed with COVID-19, the most common age groups 
were 50–64 (25.8%) and >65 years (32.5%); 5–17 years 
(34.0%) was the largest age group among patients 
with ARI. There was a greater percentage of females 
in both the COVID-19 (60.4% vs. 39.6% male) and ARI 
(59.8% vs. 40.2% male) cohorts. The most common 
race among patients with COVID-19 and ARI was 
White (COVID-19, 70.7%; ARI, 69.3%), followed by 
Black or African American (COVID-19, 14.5%; ARI, 
15.1%). Most patients were non-Hispanic (COVID-19, 
73.6%; ARI, 71.1%). The most common conditions in 
both COVID-19 and ARI patients in the 18 months be-
fore diagnosis were hypertension (COVID-19, 38.6%; 
ARI, 23.2%), hyperlipidemia (COVID-19, 30.2%; ARI, 
17.4%), and diabetes (COVID-19, 16.8%; ARI, 10.4%) 
(Appendix Table 2).

A total of 17,606 patients with COVID-19 and 
21,871 patients with ARI experienced an event (isch-
emic stroke, DVT, hemorrhagic stroke, TIA, or CVST) 
in the 31–365 days after COVID-19 or ARI diagnosis 
(Appendix Table 3). Adults >50 years of age were 
most of the patients with COVID-19 (88.2%). There 
was no significant difference between hospitalized 
(88.4%) and nonhospitalized (88.1%) COVID-19 pa-
tients >50 years of age (p = 0.63). Adults >50 years of 
age were most of the patients with ARI (83.5%), and 
this age group also represented most hospitalized 
patients (85.4%) (p<0.0001). Combining hospitalized 
and nonhospitalized patients, patients >50 years of 
age made up a greater percentage of COVID-19 pa-
tients (88.2%) than ARI patients (83.5%) in the same 
age group (p<0.0001).

Among both COVID-19 and ARI hospitalized pa-
tients who experienced an event in the 31–365 days af-
ter acute illness, underlying hypertension (COVID-19,  
82.1%; ARI, 81.8%), hyperlipidemia (COVID-19, 

60.0%; ARI, 60.1%), diabetes (COVID-19, 45.6%; ARI, 
43.2%), coronary artery disease (COVID-19, 41.6%; 
ARI, 42.1%), and chronic kidney disease (COVID-19, 
46.3%; ARI, 41.7%) were all more common than 
among nonhospitalized patients (p<0.0001) (Appen-
dix Table 3). When comparing all COVID-19 patients 
who experienced an event in the 31–365 days after 
acute illness to all ARI patients who experienced a 
stroke or thrombotic event within 31–365 days af-
ter acute illness, a history of chronic kidney disease 
(p<0.0001), hyperlipidemia (p = 0.0019), and alcohol 
abuse (p = 0.0103) were statistically more common 
among COVID-19 patients. We found no significant 
difference between the percentage of COVID-19 and 
ARI patients with a history of coronary artery dis-
ease (p = 0.6835), diabetes (p = 0.9171), or hyperten-
sion (p = 0.2757).

Among COVID-19 patients, hospitalized pa-
tients were also more likely to have received anti-
coagulants in the prior 18 months (16.8%) than were 
nonhospitalized patients (10.7%) (p<0.0001). Among 
ARI patients, hospitalized patients were more likely 
to have received anticoagulants (16.4%) than were 
nonhospitalized patients (10.0%) (p<0.0001). When 
comparing all COVID-19 patients to all ARI patients, 
more COVID-19 patients had received antiplate-
let medications in the 18 months prior (COVID-19, 
9.1%; ARI, 8.1%) (p = 0.0009), but there was no sta-
tistical difference in the percentage of patients pre-
viously having received anticoagulants (COVID-19, 
11.9%; ARI, 11.4%) (p = 0.124).

Overall, incidence of all events decreased as 
time increased after acute illness: 31–90 days, 20 
events/10,000 COVID-19 patients and 13 events/ 
10,000 ARI patients; 91–180 days, 19 events/10,000  
COVID-19 patients and 12 events/10,000 ARI pa-
tients; 181–365 days, 16 events/10,000 COVID-19 pa-
tients and 10 events/10,000 ARI patients (Figure; Ap-
pendix Table 4). For all time intervals, incidence of all 
events was higher among patients who were hospi-
talized than patients who were nonhospitalized, and 
higher among patients with COVID-19 than patients 
with ARI. DVT and ischemic stroke were the most 
common events diagnosed in the year after acute 
illness for both COVID-19 (4 DVT/10,000 patients 
and 6 ischemic strokes/10,000 patients) and ARI (3 
DVT/10,000 patients and 3 ischemic strokes/10,000 
patients) (Appendix Table 2). DVT and ischemic 
stroke incidence was also higher among patients hos-
pitalized with COVID-19 versus patients who were 
nonhospitalized and patients diagnosed with ARI; 
rates for those events decreased farther out from the 
acute illness (Appendix Table 4).
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The unadjusted risk for any event was higher 
among patients with COVID-19 compared with pa-
tients with ARI regardless of hospitalization status or 
time interval after acute illness (hospitalized patient 
incidence ratio 1.11 for 31–90 days and 91–180 days, 
1.12 for 181–365 days; nonhospitalized patient inci-
dence ratio 1.62 for 31–90 days, 1.64 for 91–180 days, 
1.73 for 181–365 days) (p<0.0001) (Table). The un-
adjusted risk for ischemic stroke was higher among 
patients with COVID-19 compared with patients 
with ARI in every time interval and among both 
hospitalized and nonhospitalized patients (hospital-
ized patient incidence ratio 1.13 for 31–90 days, 1.26 
for 91–180 days, 1.12 for 181–365 days; nonhospital-
ized patient incidence ratio 1.65 for 31–90 days, 1.68 
for 91–180 days, 1.77 for 181–365 days) (p<0.0001). 
Hospitalized patients with COVID-19 had a 14% in-
creased crude risk for any event measured in the 31–
365 days after acute illness compared with patients 
with ARI (p<0.0001) (Table). Although the overall 
incidence of all events for nonhospitalized patients 
compared with hospitalized patients was lower for 
both COVID-19 and ARI (Appendix Table 3), non-
hospitalized patients with COVID-19 had a 73% in-
creased crude risk for any event in the year after acute 
illness compared with nonhospitalized patients with 
ARI (p<0.0001) (Table). Among hospitalized patients, 
when comparing risk by specific outcomes, there was 
an increased risk for DVT (11%, p<0.0001), ischemic 
stroke (20%, p<0.0001), and TIA (27%, p<0.0001) 
among COVID-19 versus ARI patients but no signifi-
cant difference for CVST or hemorrhagic stroke.

Discussion
Among patients with COVID-19 and ARI illness, the 
greatest risk for incident thrombotic events, including 

stroke, occurred within 31–90 days after acute illness. 
Incident thrombotic events continued up to a year af-
ter acute illness. Overall, hospitalized patients had the 
highest incidence of postillness events, and patients 
with COVID-19 had higher incidence of thrombotic 
events compared with patients with ARI, regardless 
of hospitalization status.

Although the incidence of all events decreased 
as the time from acute illness increased, over-
all, increased awareness of risk for such events in  
COVID-19 patients is justified well past 1 month af-
ter acute infection. It is critical that healthcare pro-
viders maintain awareness of the risk for stroke and 
thromboembolic events in patients even after recov-
ery from acute COVID-19 infection and monitor those 
at risk, particularly patients with known risk factors 
such as hypertension, high cholesterol, diabetes, obe-
sity, smoking, sedentary lifestyle, or previous venous 
thromboembolisms. Current clinical guidelines rec-
ommend thromboprophylaxis during hospitaliza-
tion for many adults hospitalized with COVID-19 but 
not after discharge or for those treated in outpatient 
settings (29). A small trial in 2021 showed improved 
clinical outcomes with thromboprophylaxis after 
hospital discharge in high-risk patients (30), whereas 
another trial published in 2023 showed no significant 
difference in outcomes between COVID-19 outpa-
tients who did and did not receive thromboprophy-
laxis and was stopped early because of low throm-
boembolic incidence rates (31). The risk of bleeding 
from anticoagulation would ideally be balanced with 
thromboembolic event prevention. However, this 
study was not designed to determine the usefulness 
of thromboprophylaxis or other risk modifications 
after hospital discharge or in outpatient settings; fur-
ther study is needed to inform that determination.
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Figure. Thirty-day incidence of 
all events per 10,000 patients 
by acute illness, hospitalization 
status, and time from acute 
illness in a study of thrombotic 
events and stroke in the year 
after COVID-19 or other acute 
respiratory infection. We defined 
events as cerebral venous 
sinus thrombosis, deep vein 
thrombosis, hemorrhagic stroke, 
ischemic stroke, or transient 
ischemic attack.



 Thrombotic Events and Stroke After COVID-19

Rates for all events we tracked—DVT, hemor-
rhagic stroke, ischemic stroke, and TIA—were higher 
among hospitalized than nonhospitalized patients 
with COVID-19 across all time intervals. The higher 
rates likely reflect the higher hospitalization rates 
among patients at greater risk for severe COVID-19, 
such as those >50 years of age or with multiple co-
morbidities. In addition, the higher rates for all events 
suggest an increased risk for stroke and thromboem-
bolic events associated with more severe acute illness 
(8,9,32,33). Determining the biological mechanisms 
driving the increased incidence of stroke and throm-
boembolic events after COVID-19 infection could 
help identify patients at higher risk and inform pre-
vention strategies. Current thromboprophylaxis rec-
ommendations in patients with COVID-19 are limited 
to select hospitalized patients (34–37).

Of note, the risk ratios for all events in COVID-19 
versus ARI patients were higher among the nonhos-
pitalized group in this analysis, with a risk ratio of 
1.73 (95% CI 1.71–1.76) for 31–365 days among non-
hospitalized patients versus 1.14 (95% CI 1.10–1.18) 
in hospitalized patients. Many earlier studies focused 
on the initial phases of the COVID-19 pandemic, pri-
marily during the pre-Delta and Delta variant periods 
(19,20). In contrast, this study provides more recent 
data from the Omicron-dominant period, character-
ized by high population immunity because of exten-
sive vaccination and prior infections. Those updated 

findings could provide valuable insights for future 
studies and enhance early recognition and effective 
management of DVT and stroke, while informing the 
long-term cardiovascular consequences of COVID-19.

This study underscores the importance of  
COVID-19 vaccination and other prevention and 
treatment efforts to reduce risk for severe illness and 
subsequent adverse outcomes and conditions (38). 
In addition, given the higher risk for post-COVID 
conditions with more severe COVID-19 acute illness 
(39,40), our data provide yet another reason to in-
crease efforts targeted at prevention and improved 
management of chronic conditions that increase the 
risk for severe COVID-19, stroke, and thrombotic 
complications. Comprehensive chronic disease man-
agement, combined with COVID-19 and ARI pre-
vention strategies, can help reduce the incidence of  
postillness DVT and stroke, ultimately benefiting 
those most vulnerable to complications. Patient ed-
ucation is also crucial, particularly an emphasis on 
the benefits of vaccinations for those with underlying 
risk factors or comorbidities.

The first limitation of this study is that this analysis 
does not include biological measurements or patho-
physiology information to assign direct causation of 
SARS-CoV-2 infection to stroke incidence. Second, 
because of the aggregated data for this analysis, we 
could not adjust for patient level potential confound-
ers. Compared with patients with ARI, COVID-19  
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Table. Unadjusted incidence ratios of stroke and thrombotic events for patients with COVID-19 compared with ARI by hospitalization 
status and days from acute illness* 

All events 
Unadjusted ratio of COVID-19 to ARI (95% CI) 

All patients Hospitalized Nonhospitalized 
All events 31–90 d and no record in 18 mo prior 1.52 (1.48–1.56) 1.11 (1.04–1.18) 1.62 (1.58–1.67) 
 Ischemic stroke 1.55 (1.49–1.61) 1.13 (1.02–1.25) 1.65 (1.58–1.73) 
 Deep vein thrombosis 1.51 (1.44–1.57) 1.12 (1.01–1.23) 1.62 (1.53–1.7) 
 Hemorrhagic stroke 1.47 (1.36–1.58) 0.99 (0.81–1.16) 1.71 (1.57–1.85) 
 Transient ischemic attack 1.56 (1.47–1.65) 1.2 (0.99–1.41) 1.6 (1.51–1.7) 
 Cerebral venous sinus thrombosis 1.09 (0.72–1.45) 0.92 (0.31–1.53) 1.09 (0.63–1.54) 
All events 91–180 d and no record in 18 mo prior 1.55 (1.52–1.59) 1.11 (1.04–1.18) 1.64 (1.61–1.68) 
 Ischemic stroke 1.63 (1.58–1.68) 1.26 (1.16–1.37) 1.68 (1.62–1.74) 
 Deep vein thrombosis 1.5 (1.44–1.56) 1.08 (0.97–1.19) 1.6 (1.53–1.66) 
 Hemorrhagic stroke 1.43 (1.34–1.53) 0.91 (0.73–1.09) 1.62 (1.51–1.73) 
 Transient ischemic attack 1.56 (1.49–1.64) 1.15 (0.94–1.35) 1.61 (1.53–1.69) 
 Cerebral venous sinus thrombosis 1.35 (1.03–1.66) 0.87 (0.24–1.49) 1.49 (1.12–1.85) 
All events 181–365 d and no record in 18 mo prior 1.64 (1.62–1.66) 1.12 (1.07–1.18) 1.73 (1.71–1.76) 
 Ischemic stroke 1.68 (1.64–1.72) 1.16 (1.07–1.25) 1.77 (1.73–1.82) 
 Deep vein thrombosis 1.62 (1.57–1.66) 1.08 (0.98–1.19) 1.73 (1.68–1.78) 
 Hemorrhagic stroke 1.58 (1.51–1.65) 0.92 (0.77–1.08) 1.79 (1.7–1.87) 
 Transient ischemic attack 1.69 (1.63–1.74) 1.34 (1.18–1.49) 1.72 (1.66–1.77) 
 Cerebral venous sinus thrombosis 1.38 (1.16–1.6) 1.13 (0.6–1.66) 1.4 (1.15–1.65) 
All events 31–365 d and no record in 18 mo prior 1.63 (1.61–1.65) 1.14 (1.1–1.18) 1.73 (1.71–1.76) 
 Ischemic stroke 1.67 (1.64–1.7) 1.2 (1.14–1.27) 1.76 (1.73–1.8) 
 Deep vein thrombosis 1.59 (1.55–1.62) 1.11 (1.04–1.18) 1.7 (1.66–1.74) 
 Hemorrhagic stroke 1.56 (1.51–1.62) 0.98 (0.87–1.09) 1.77 (1.7–1.84) 
 Transient ischemic attack 1.42 (1.37–1.46) 1.27 (1.16–1.39) 1.42 (1.37–1.46) 
 Cerebral venous sinus thrombosis 1.36 (1.18–1.55) 0.95 (0.53–1.37) 1.44 (1.23–1.65) 
*Bold indicates statistically significant ratios. ARI, acute respiratory illness 
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patients were in older age groups and had more chron-
ic conditions; adjusting for those potential confound-
ers might attenuate the differences across the groups. 
Although unadjusted risk ratios for all events in  
COVID-19 versus ARI patients were higher among 
the nonhospitalized group, those are relative risks, 
and the difference in risks might be influenced by 
selection bias. Hospitalized patients are more likely 
to get virus-specific testing to guide therapy, and pa-
tients with mild illness might have visited a provider 
for a diagnosis, but those with mild illness are less 
likely to get tested with a virus-specific test compared 
with those with moderate symptoms (41,42). There-
fore, it is possible that hospitalized patients were more 
likely to be correctly categorized between COVID-19 
and other ARIs, compared with those who were only 
seen as outpatients and might not have had definitive 
testing. The nonhospitalized ARI cohort was younger 
and healthier than the nonhospitalized COVID-19 
cohort, suggesting a lower baseline risk of thrombo-
embolism and stroke. That age difference might have 
led to an overestimation of the effect of COVID-19 
on the thromboembolic and stroke risk. Third, only 
patients who had access to and sought clinical care 
for their acute COVID-19 or ARI illness or subsequent 
event were included, likely leading to the exclusion 
of some people with mild or asymptomatic infections 
and persons who never received laboratory testing 
for COVID-19 or ARI. Fourth, persons with mild DVT 
or TIA who did not seek care were also not included. 
Fifth, because of a coding error identified that could 
not be corrected after the data was received, this anal-
ysis also did not include PE as an outcome. Patients 
with DVT who only saw a provider after a PE devel-
oped might have been diagnosed with PE alone, lead-
ing to potential undercount of DVT cases. Sixth, ex-
cluding persons with a prior history of events (DVT, 
ischemic stroke, hemorrhagic stroke, PE, or TIA) lim-
its the representativeness of the analytic sample and 
therefore limits the generalizability of our findings to 
the US population. Finally, the study period (April 1, 
2022–April 30, 2023) includes various Omicron sub-
lineages but was not designed to align with specific 
sublineage periods.

Future analyses with line level data available 
could control for patients’ chronic conditions to bet-
ter identify thrombotic events attributable to viral 
infection. Separating out specific pathogens, such as 
influenza, from other ARI could also help quantify 
the risks of specific viruses.

In conclusion, this study identified a possible ele-
vated risk for thrombotic events, including stroke, up 
to a year after COVID-19, especially among patients  

hospitalized with COVID-19. This risk appears to 
remain higher for patients with COVID-19 than for 
those with ARI. Future multivariate analysis with ad-
justments for demographic and medical differences 
is needed. Continued surveillance and epidemiologic 
studies are essential to monitor these long-term risks 
and assess mitigation strategies. This study also un-
derscores the importance of stroke awareness. By 
recognizing stroke signs and symptoms, such as by 
using the FAST acronym (43), patients and providers 
can help ensure timely intervention, potentially im-
proving recovery outcomes and reducing disability 
and mortality (44).
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etymologia revisited
Coronavirus

The first coronavirus, avian infectious bronchitis virus, was dis-
covered in 1937 by Fred Beaudette and Charles Hudson. In 1967, 

June Almeida and David Tyrrell performed electron microscopy on 
specimens from cultures of viruses known to cause colds in humans 
and identified particles that resembled avian infectious bronchitis vi-
rus. Almeida coined the term “coronavirus,” from the Latin corona 
(“crown”), because the glycoprotein spikes of these viruses created an 
image similar to a solar corona. Strains that infect humans generally 
cause mild symptoms. However, more recently, animal coronaviruses 
have caused outbreaks of severe respiratory disease in humans, includ-
ing severe acute respiratory syndrome (SARS), Middle East respiratory 
syndrome (MERS), and 2019 novel coronavirus disease (COVID-19).
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Long COVID is a chronic condition that includes 
a wide range of symptoms and conditions last-

ing >3 months after SARS-CoV-2 infection (1). Long 
COVID can affect multiple body systems, including 
cardiovascular, respiratory, and musculoskeletal. 
Commonly reported symptoms include fatigue, 
difficulty thinking or concentrating, and cough (2). 
In the 2023 US National Health Interview Survey 
(NHIS), 1.0% of children 6–11 years of age and 2.3% 
of children 12–17 years of age reported having long 
COVID at some point (3). Long COVID symptoms 
can limit a person’s ability to carry out day-to-day  

activities and affect functioning at school or work. 
In 2023, eight in 10 children with long COVID 
had activity limitation compared with before their  
COVID-19 illness (3).

Studies quantifying illness-related absenteeism in 
children by long COVID status are lacking, and few 
studies have examined functional limitations among 
children with long COVID. A qualitative study of 
UK children with long COVID reported that those 
children found attending school difficult, and even a 
gradual return required balancing the effects of miss-
ing school with preventing relapse (4). The larger soci-
etal effects of long COVID could be far-reaching if US 
school-aged children are unable to maintain school 
attendance, gain educational advancement, or engage 
in recreational activities vital to social and emotional 
development. We assessed whether functional limita-
tions and illness-related absenteeism were more com-
mon among US school-aged children and adolescents 
who ever had long COVID compared with those who 
never had long COVID.

Methods
We used data from the 2022 and 2023 NHIS, a large, 
nationally representative cross-sectional household 
survey of the civilian noninstitutionalized population 
of the United States (5,6). NHIS uses geographically 
clustered sampling techniques to select household 
units. One child 0–17 years of age is then sampled 
from each selected household. Interviewers collect in-
formation from the sample child’s parent or a knowl-
edgeable adult during interviews. The sample child 
response rates for the overall surveys were 45.8% in 
2022 and 44.9% in 2023 (5,6). We limited the analytic 
sample to school-aged children 5–17 years of age.
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We examined functional limitations and illness-related 
chronic absenteeism (i.e., missing >18 days of school 
for health reasons) in a cross-sectional nationally rep-
resentative sample of 11,057 US children 5–17 years of 
age who ever or never had long COVID (i.e., symptoms 
lasting >3 months after COVID-19 illness). Among 4,587 
children with prior COVID-19, we estimated whether long 
COVID was associated with increased illness-related 
chronic absenteeism by using logistic regression. Our 
analysis showed that ≈1.4% of school-aged children had 
long COVID at some point. Among children with prior  
COVID-19, those who had long COVID at some point more 
frequently reported functional limitations, such as difficulty 
with memory, than those who did not have long COVID 
(18.3% vs. 8.6%). Having long COVID was associated 
with higher odds of illness-related chronic absenteeism. 
Children who had long COVID could experience function-
al limitations and absenteeism. School accommodations 
might be an option to improve functional limitations.



Infection-Associated Chronic Conditions and Illnesses 

Study Definition of Long COVID
Prior COVID-19 was determined by an affirmative re-
sponse to NHIS survey questions about SARS-CoV-2 
infection. In 2022, questions were “Has a doctor or oth-
er health professional ever told you that [NAME] had 
or likely had coronavirus or COVID-19?” and “Did 
[NAME] ever take a test that showed he or she had 
coronavirus or COVID-19?” and in 2023 “Has [NAME] 
ever had COVID-19?” In 2022, the survey ascertained 
ongoing COVID-19 symptoms among children with 
symptomatic mild, moderate, or severe COVID-19 and 
those who had unknown symptom severity. In 2023, 
the survey ascertained ongoing COVID-19 symptoms 
among all children with prior COVID-19 irrespective 
of symptom severity during acute illness. NHIS clas-
sified children as having long COVID when they had 
any symptoms lasting >3 months that they did not 
have before having COVID-19. NHIS classified chil-
dren as never having long COVID if they never had 
COVID-19 or had COVID-19 at some point but never 
had ongoing symptoms.

Functional Limitations
NHIS administers the Washington Group/UNICEF 
Child Functioning Module to identify the subpopula-
tion of children who are at greater risk of experiencing 
limited participation in an unaccommodating environ-
ment (7). The 24-question module for children 5–17 
years of age was designed and validated for use in 
censuses and population-based surveys (7). Functional 
domains of the module were vision, hearing, mobility, 
self-care, communication, learning, cognition, accepting 
change, behavior, relationships, and psychosocial. Be-
cause of the small number of children with vision, hear-
ing, mobility, self-care, and communication limitations 
in the sample when stratified by long COVID status, 
we did not include those estimates because they did not 
meet National Center for Health Statistics (NCHS) data 
presentation standards on the basis of effective sample 
size, confidence interval width, number of events, and 
degrees of freedom (8). We classified indicators in the 
learning, cognition, accepting change, behavior, and re-
lationships domains as binary yes/no variables where 
yes indicated children with any difficulty. In the psy-
chosocial domain, we classified both the frequency 
of seeming very anxious, nervous, or worried and the 
frequency of seeming very sad or depressed as never, a 
few times per year, monthly, or weekly/daily.

Illness-Related Absenteeism
Parents reported days of school the sample child missed 
because of illness or injury during the 12 months  
preceding the survey. We classified illness-related 

chronic absenteeism according to the US Department of 
Education’s definition of chronic absenteeism (9), which 
is missing >18 days of school (yes/no).

Sociodemographic and Health Characteristics
Parents reported child-level sociodemographic char-
acteristics including age (5–11 years or 12–17 years), 
sex (male or female), private health insurance (yes/
no), and race and Hispanic ethnicity (Hispanic, non-
Hispanic White, or other single or multiple races). 
Other single or multiple races included non-Hispanic 
Asian, non-Hispanic American Indian/Alaska Na-
tive, non-Hispanic Black, and other single and mul-
tiple races, which we aggregated to meet NCHS pre-
sentation standards because of small numbers. We 
included race and Hispanic ethnicity in this study 
to account for documented racial and ethnic differ-
ences in parent-reported long COVID in US children 
(10). Household-level characteristics included region 
(Northeast, Midwest, South, West), urban–rural clas-
sification (metropolitan, nonmetropolitan), and pa-
rental education (high school diploma or less, some 
college or associate’s degree, bachelor’s degree or 
higher). NCHS classifies region and urban–rural on 
the basis of household location (11).

Parent-reported child health characteristics were 
12-month recall of COVID-19 vaccine receipt and use 
of prescription medication for emotions, concentra-
tion, behavior, or mental health (yes/no). NHIS did 
not collect information about prescription medication 
use for other conditions. Co-occurring conditions in-
cluded chronic health conditions (i.e., asthma, pre-
diabetes, diabetes) and neurodevelopmental condi-
tions (i.e., attention-deficit/hyperactivity disorder 
[ADHD], autism, developmental delay, intellectual 
disability, and learning disability), coded yes/no.

Statistical Analyses
We estimated the weighted prevalence (Clopper-Pear-
son 95% CI) of ever experiencing long COVID among 
the cohort. We then estimated weighted prevalences 
and 95% CIs of sociodemographic and health indi-
cators, functional limitations, and sick days by long  
COVID status. For all indicators, we used Rao-Scott χ2 
tests to examine differences by long COVID status.

During the COVID-19 pandemic, the Centers 
for Disease Control and Prevention published guid-
ance on isolation following a positive SARS-CoV-2 
test and quarantine following exposure (12). Because  
COVID-19 illness is associated with sick days,  
irrespective of whether long COVID develops, we  
created a restricted subsample of 4,587 children with 
prior COVID-19. That design helped control for  
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confounding by acute COVID-19 effects, which might 
otherwise bias estimates in the full sample. We used 
logistic regression to estimate whether ever having 
long COVID was associated with increased occur-
rence of illness-related chronic absenteeism among 
children with prior COVID-19. We first ran an unad-
justed model including only long COVID as the ex-
posure. We then tested various adjusted models. We 
identified age, sex, race and Hispanic ethnicity, and 
parental education as potential confounders and as-
sessed our study population by examining differenc-
es in unadjusted and adjusted estimates of association 
and model goodness of fit, favoring parsimony. We 
used Harrell’s C statistic to assess goodness of fit.

Because chronic health conditions and neurode-
velopmental conditions can develop as the result of 
a SARS-CoV-2 infection, we did not consider those 
conditions for the primary models. However, those 
conditions potentially could confound the relationship 
between long COVID and illness-related chronic ab-
senteeism. For example, diabetes might be associated 
with risk of developing long COVID and with missing 
days from school. To examine confounders, we con-
ducted sensitivity analyses. First, we added chronic 
health conditions (any vs. none) to the final adjusted 
model, then we added neurodevelopmental condi-
tions (any vs. none) to the model. We compared the 
estimates of association for long COVID in the final ad-
justed model to those in the models containing chronic 
health conditions and neurodevelopmental conditions.

We used SAS version 9.4 (SAS Institute, Inc., 
https://www.sas.com) to conduct analyses. We ob-
tained weighted estimates by using SAS-callable SU-
DAAN (RTI International, https://www.rti.org), ap-
plying survey weights generated by NHIS (5,6) and 
accounting for complex sampling. We considered 
2-sided p<0.05 statistically significant.

Results
In total, NHIS surveyed 5,498 children 5–17 years of 
age in 2022 and 5,676 in 2023. We excluded 106 (0.9%) 
children missing information on prior COVID-19 and 
11 (0.1%) missing information on ongoing symptoms 
following COVID-19. The final unweighted analytic 
sample included 11,057 children with a weighted val-
ue of 106,793,000.

On the basis of the weighted samples, we es-
timated 1,538,000 (1.4%) school-aged children had 
long COVID at some point (Table 1). Among those 
children, 69.7% were 12–17 years of age, 59.4% were 
female and 40.6% were male, and 35.2% were expe-
riencing long COVID symptoms at time of survey. 
We found statistically significant differences by long 

COVID status for age group, sex, race and ethnicity,  
parental education, co-occurring chronic health con-
ditions, neurodevelopmental conditions, learning 
disability, and use of prescription medication for 
emotions, concentration, behavior, or mental health.

Compared with children who never had long 
COVID, children who had long COVID had a higher 
prevalence of functional limitations across 5 of the 6 
functional domains (Table 2). Within the cognition 
domain, compared with children who never had long 
COVID, children who ever had long COVID had ap-
proximately double the prevalence of difficulty with 
memory (18.3% vs. 8.6%) and difficulty concentrating 
(14.3% vs. 7.7%) (p<0.01 for both comparisons). Prev-
alence of learning difficulty was also roughly double 
among children who had long COVID at some point 
compared with those who had not (19.8% vs. 10.4%).

In the relationship domain, children who had long 
COVID had a higher prevalence of difficulty making 
friends than children who never had long COVID 
(18.4% vs. 11.3%) (p = 0.008). Children who had long 
COVID also had more difficulty accepting changes 
in routine than children who never had long COVID 
(37.8% vs. 23.0%) (p<0.001). In the psychosocial do-
main, children who had experienced long COVID had 
higher prevalence of anxiety than children who never 
had long COVID (31.3% vs. 17.5% for weekly or daily 
anxiety) and for depression (18.9% vs. 6.2% for weekly 
or daily depression) (p<0.001 for both comparisons).

Among children who had experienced long 
COVID, 10.7% missed >30 days of school for health 
reasons during the year preceding the survey (Table 
3). In both the full analytic sample and restricted 
subsample of children with prior COVID-19 illness, 
13.9% of children who had experienced long CO-
VID were chronically absent (i.e., missed >18 days). 
Among children who never had long COVID, 3.5% in 
the full analytic sample and 4.9% in the restricted sub-
sample of children with prior COVID-19 were chroni-
cally absent for health reasons.

In the unadjusted model, long COVID was as-
sociated with 3.1 (95% CI 1.8–5.3; Harrell’s C statis-
tic = 0.53) times the odds of illness-related chronic ab-
senteeism (Figure; Appendix Table, https://wwwnc.
cdc.gov/EID/article/31/14/25-1035-App1.pdf). In 
the adjusted multivariable model accounting for race 
and Hispanic ethnicity and parental education, hav-
ing long COVID at some point was associated with 2.5 
(95% CI 1.5–4.3; Harrell’s C statistic = 0.63) times the 
odds of illness-related chronic absenteeism compared 
with never having long COVID. In the sensitivity 
analyses, the effect sizes for long COVID were attenu-
ated slightly after additionally controlling for chronic 
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health conditions (adjusted odds ratio 2.4, 95% CI 1.4–
4.2; Harrell’s C statistic = 0.64) and neurodevelopmen-
tal conditions (adjusted odds ratio 2.3, 95% CI 1.4–4.0; 
Harrell’s C statistic = 0.65) (Figure; Appendix Table).

Discussion
In this nationally representative sample of US school-
aged children during 2022–2023, 1.4% had experi-
enced long COVID at some point, and long COVID 
disproportionately affected older and female chil-
dren. We found approximately double the prevalence 
of functional limitations in the learning, cognition, 
relationships, accepting change, and psychosocial 

domains among children who had experienced long 
COVID compared with those who never had long 
COVID. In the absence of appropriate supports, those 
functional limitations could make academic achieve-
ment and engagement in social activities challenging. 
Nearly 14% of children who experienced long CO-
VID were chronically absent from school for health 
reasons, and >1 in 10 missed >6 weeks during the 12 
months preceding the survey. After controlling for 
sociodemographic and health characteristics, chil-
dren who experienced long COVID had 2.3 times the 
adjusted odds of illness-related chronic absenteeism 
compared with those who never had long COVID.
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Table 1. Sociodemographic and health characteristics of children in a study of functional limitations and illness-related chronic 
absenteeism among school-aged children with or without long COVID, United States, 2022–2023* 

Characteristic 
Weighted no. (%) [95% CI] 

p value† Had long COVID Never had long COVID 
Total no. 1,538,000 (1.4) [1.2–1.7] 105,255,000 (98.6) [98.3–98.8]  
Age group, y   <0.001 
 5–11 467,000 (30.3) [22.9–38.6] 55,319,000 (52.6) [51.5–53.6]  
 12–17 1,072,000 (69.7) [61.4–77.1] 49,936,000 (47.4) [46.4–48.5]  
Sex   0.02 
 M 625,000 (40.6) [32.1–49.5] 53,925,000 (51.3) [50.2–52.3]  
 F 914,000 (59.4) [50.5–67.9] 51,274,000 (48.7) [47.7–49.8]  
Race and Hispanic ethnicity‡   0.002 
 Hispanic 494,000 (32.1) [24.4–40.6] 27,188,000 (25.8) [24.0–27.7]  
 Non-Hispanic White 874,000 (56.8) [48.2–65.1] 53,633,000 (51.0) [49.1–52.8]  
 Another single or multiple races 171,000 (11.1) [6.6–17.3] 24,433,000 (23.2) [21.9–24.6]  
Private health insurance§ 745,000 (48.4) [39.7–57.2] 58,410,000 (55.7) [54.2–57.2] 0.09 
Region   0.87 
 Northeast 221,000 (14.4) [8.8–21.7] 16,382,000 (15.6) [14.3–16.9]  
 Midwest 344,000 (22.4) [16.1–29.7] 21,691,000 (20.6) [19.2–22.1]  
 South 571,000 (37.1) [29.1–45.7] 41,589,000 (39.5) [37.5–41.6]  
 West 402,000 (26.1) [19.2–34.0] 25,593,000 (24.3) [22.5–26.3]  
Urban classification¶   0.35 
 Metropolitan 1,289,000 (83.8) [76.2–89.8] 91,184,000 (86.6) [85.2–88.0]  
 Nonmetropolitan 249,000 (16.2) [10.2–23.8] 14,071,000 (13.4) [12.0–14.8]  
Parental education   <0.001 
 High school diploma, GED, or less 367,000 (24.8) [17.8–32.9] 27,649,000 (27.0) [25.7–28.3]  
 Some college or associate’s degree 576,000 (38.9) [30.5–47.8] 25,446,000 (24.8) [23.8–25.9]  
 Bachelor’s degree or higher 538,000 (36.3) [28.1–45.1] 49,447,000 (48.2) [46.7–49.8]  
Received COVID-19 vaccine <12 mo 280,000 (18.2) [11.9–26.1] 22,232,000 (21.1) [20.1–22.2] 0.43 
Ever had COVID-19 1,538,000 (100.00) [NA] 41,511,000 (39.4) [38.3–40.6] NA 
 Current long COVID 542,000 (35.2) [27.1–44.1] NA NA 
Chronic health condition# 261,000 (17.0) [11.2–24.1] 9,131,000 (8.7) [8.1–9.3) <0.001 
Neurodevelopmental condition** 432,000 (28.1) [20.5–36.7] 18,584,000 (17.7) [16.8–18.6] 0.002 
 Intellectual disability 25,000 (1.7) [0.3–5.1] 1,581,000 (1.5) [1.2–1.8] 0.88 
 Learning disability 225,000 (14.6) [8.8–22.3] 8,238,000 (7.8) [7.2–8.5] 0.007 
Prescription medication for emotions, concentration, 
behavior, or mental health <12 mo 

382,000 (24.8) [17.6–33.3] 10,196,000 (9.7) [9.1–10.5] <0.001 

*Data are from the National Health Interview Survey (5,6). Numbers are weighted, are rounded to the nearest thousand, and might vary because of 
missing data. All estimates are weighted, account for complex sampling, and meet National Center for Health Statistics data standards. Parents of 
children with prior COVID-19 (mild, moderate, or severe symptoms or unknown symptom severity during acute illness [2022] and all children with prior 
COVID-19 irrespective of acute illness symptom severity [2023]) were asked about ongoing symptoms using the question “Did [NAME] have any 
symptoms lasting 3 months or longer that [she/he] did not have prior to having COVID-19?” Children with an affirmative response were classified as 
having long COVID. Children who never had COVID-19 and those who had COVID-19 but never had ongoing symptoms were classified as never having 
long COVID. NA, not applicable. 
†p values are for Rao-Scott 2 tests for sociodemographic and health characteristics comparing children who ever and never had long COVID. 
‡Another single or multiple race(s) were non-Hispanic Asian, non-Hispanic American Indian/Alaska Native, non-Hispanic Black, and other single race and 
multiple races. 
§Private health insurance compared to Medicaid, other public coverage, and no insurance. 
¶Urban–rural classification defined according to the 2013 National Center for Health Statistics Urban-Rural Classification Scheme for Counties 
(https://www.cdc.gov/nchs/data/series/sr_02/sr02_166.pdf). 
#Current asthma, prediabetes, or diabetes. 
**Current autism, attention-deficit hyperactivity disorder, developmental delay, intellectual disability, or learning disability. 
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Together, our findings suggest that long COVID 
has a potentially large impact on US school-aged chil-
dren. Parents, caregivers, teachers, and schools may 
consider that children with long COVID dispropor-
tionately experience both functional limitations and 
sick days off from school. School accommodations, 
such as reduced workload and rest periods that are 
recommended for other conditions affecting cogni-
tive and academic functioning, such as concussion or 
ADHD, could be options to improve outcomes (13,14).

Little information about functional limitation, sick 
days off, and long COVID in US children is available 
to put our study findings into context. Most of the 
available literature on long COVID in children was 
reported from medical records, convenience samples, 
and small case-based studies (15,16). However, stud-
ies of pediatric populations have described symptoms 
or conditions in long COVID, such as autonomic dys-
function (17), abnormalities in brain metabolism (18), 
and exercise intolerance (19). In 2023, 80.0% of children 
who had long COVID at the time of NHIS had >1 long  
COVID-associated activity limitation; however, the 
study did not examine specific functional limitations 
(3). Our findings are consistent with studies reporting 
positive associations between other chronic health con-
ditions, such as type 1 diabetes and asthma, and school 
absence in children (20,21). For example, a study of asth-
ma in urban US schools found that asthma explained 
14%–18% of student absenteeism, after accounting for 
sociodemographic and health characteristics (20).

Cognitive, learning, relationship, accepting chang-
es, and psychosocial functional limitations were rough-
ly twice as common among children who had long 
COVID at some point compared with those who never 
had long COVID. In the absence of appropriate sup-
ports or accommodations, functional limitations might 
affect academic performance and social development. 
Neuropsychiatric symptoms, such as impairment to 
memory recall, executive dysfunction, and depression, 
are commonly reported postacute sequelae of SARS-
CoV-2 infection (22,23). The prevalence of childhood 
mental, behavioral, and developmental disorders 
(MBDD) in the United States has increased broadly 
over time; data from the National Survey of Children’s 
Health showed MBDD prevalence among children 
3–17 years of age increased from 25.3% to 27.7% during 
2016–2021, with increases specific to learning disabil-
ity, developmental delay, speech or language disorder, 
anxiety, and depression (24).

The association between COVID-19 and MBDD 
could be bidirectional. COVID-19 might influence 
MBDD prevalence indirectly through social determi-
nants of health (e.g., social isolation), directly through 
infection (e.g., long COVID–associated cognitive im-
pairment), or both (25). Conversely, chronic health, 
mental health, and neurodevelopmental conditions 
might be associated with long COVID because they 
increase the risk for SARS-CoV-2 infection, severe  
COVID-19 illness, and symptoms and conditions con-
sistent with long COVID (26–28). For example, a study 
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Table 2. Functional domains of children in a study of functional limitations and illness-related chronic absenteeism among school-aged 
children with and without long COVID, United States, 2022–2023* 

Functional domain 
Weighted no. (%) [95% CI] 

p value† Had long COVID  Never had long COVID 
Learning difficulty 305,000 (19.8) [13.2–27.9] 10,929,000 (10.4) [9.7–11.1] <0.001 
Cognition    
 Difficulty concentration 220,000 (14.3) [8.7–21.7] 8,120,000  (7.7) [7.1–8.3] 0.006 
 Difficulty remembering 282,000 (18.3) [11.6–26.7] 9,069,000 (8.6) [8.0–9.3] <0.001 
Behavior, difficulty controlling 282,000 (18.3) [12.1–26.0] 16,732,000 (15.9) [15.0–16.8] 0.45 
Relationships, difficulty making friends 281,000 (18.4) [12.4–25.7] 11,852,000 (11.3) [10.6–12.0] 0.008 
Difficulty accepting changes in routine 582,000 (37.8) [30.1–46.1] 24,173,000 (23.0) [22.0–24.0] <0.001 
Psychosocial    
 Frequency of seeming anxious, nervous, or worried   <0.001 
  Never 437,000 (28.7) [21.4–36.8] 50,235,000 (47.8) [46.4–49.2]  
  A few times per year 368,000 (24.2) [17.4–32.0] 25,437,000 (24.2) [23.2–25.3]  
  Monthly 243,000 (15.9) [9.8–23.9] 10,994,000 (10.5) [9.8–11.2]  
  Weekly or daily 477,000 (31.3) [23.6–39.8] 18,387,000 (17.5) [16.6–18.4]  
 Frequency of seeming very sad or depressed   <0.001 
  Never 765,000 (49.8) [41.0–58.5] 70,865,000 (67.5) [66.2–68.7]  
  A few times per year 286,000 (18.6) [12.8–25.7] 20,760,000 (19.8) [18.8–20.7]  
  Monthly 195,000 (12.7) [7.7–19.4] 6,811,000 (6.5) [5.9–7.1]  
  Weekly or daily 291,000 (18.9) [12.6–26.8] 6,552,000 (6.2) [5.7–6.8]  
*Data are from the National Health Interview Survey (5,6). Numbers are weighted, are rounded to the nearest thousand, and might vary because of 
missing data. All estimates are weighted, account for complex sampling, and meet National Center for Health Statistics data standards. Parents of 
children with prior COVID-19 (mild, moderate, or severe symptoms or unknown symptom severity during acute illness [2022] and all children with prior 
COVID-19 irrespective of acute illness symptom severity [2023]) were asked about ongoing symptoms using the question “Did [NAME] have any 
symptoms lasting 3 months or longer that [she/he] did not have prior to having COVID-19?” Children with an affirmative response were classified as 
having long COVID. Children who never had COVID-19 and those who had COVID-19 but never had ongoing symptoms were classified as never having 
long COVID. NA, not applicable. 
†p values are for Rao-Scott 2 tests for sociodemographic and health characteristics comparing children who ever and never had long COVID. 
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using 2022 National Survey on Health and Disability 
data found the prevalence of long COVID was higher 
among persons with preexisting disabilities compared 
with the general population (40.6% vs. 18.9%) (29). Fur-
thermore, a 2023 systematic review and meta-analysis 
found that poor mental health increased the likelihood 
of developing long COVID in pediatric populations 
(30). Symptoms and conditions might develop, or un-
derlying conditions might worsen after SARS-CoV-2 
infection (31). Our study is cross-sectional and does not 
provide information regarding the onset of co-occurring 
conditions relative to the development of long COVID. 
Thus, our findings cannot be used to examine the direc-
tion of the effects. However, our findings highlight that 
children with long COVID could have complex needs.

Prescription medication use for emotions, con-
centration, behavior, or mental health were common 
among children in our study who had experienced long 
COVID; 1 in 4 reportedly used those medications during 
the 12 months preceding the survey. That finding might 
represent increased risk for long COVID among chil-
dren with underlying psychological or neurodevelop-
mental health conditions or new onset long COVID–as-
sociated conditions requiring medication. Studies have 
reported increased use of those types of prescription 
medications since the pandemic, specifically in adults 
and school-aged girls. For example, a study of com-
mercial healthcare claims found that the percentage of 
girls receiving stimulants, primarily those used to treat 
ADHD, increased by 8.3% for girls 10–15 years of age 

and 15.1% of those 15–19 years of age from 2020 to 2021 
(32). In our study, long COVID was more prevalent in 
adolescents and girls. Similarly, the monthly rate of anti-
depressant dispensing to adolescents and young adults 
increased during 2016–2020, and the rate of change in-
creased by 63.5% beginning March 2020 (33). Although 
those findings might reflect secular trends, studies have 
also shown differences in receipt of some medications 
by long COVID status. For example, adult patients 
with long COVID–associated fatigue and concentra-
tion problems were twice as likely to receive a stimulant 
prescription than patients with only acute COVID-19 ill-
ness, suggesting potential off-label use of stimulants to 
treat long COVID (34). Furthermore, stimulants can be 
prescribed to treat myalgic encephalomyelitis/chronic 
fatigue syndrome, a common postacute sequelae of 
SARS-CoV-2 infection (35,36).

Chronic absenteeism is a primary cause of poor 
academic achievement (37). Missing school makes 
keeping pace with schoolwork difficult, increases 
the likelihood of dropping out, and reduces oppor-
tunities to build relationships with peers (37). From 
2018–19 to 2021–22 enrollment-weighted prevalence 
of chronic absenteeism in the United States increased 
from 14.8% to 28.3%, a 91% increase relative to the 
prepandemic timeframe (38). In our study, 1 in 7 chil-
dren who experienced long COVID were chronically 
absent from school for health reasons, more than dou-
ble the odds of children with only acute COVID-19 
illness. That finding is consistent with literature on 
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Table 3. Illness-related absenteeism among children in a study of functional limitations and illness-related absenteeism among school-
aged children with and without long COVID, United States, 2022–2023* 

Absenteeism 
Weighted no. (%) [95% CI] 

p value† Had long COVID  Never had long COVID 
Total analytic sample 1,538,000 105,255,000  
 No. sick days   <0.001 
  0 311,000 (20.3) [13.5–28.5] 33,808,000 (32.4) [31.3–33.6]  
  1–5 421,000 (27.4) [20.4–35.4] 47,782,000 (45.9) [44.8–47.0]  
  6–17 588,000 (38.3) [29.7–47.6] 18,873,000 (18.1) [17.2–19.0]  
  18–29 49,000 (3.2) [1.1–7.1] 2,203,000  (2.1) [1.8–2.5]  
  >30 165,000 (10.7) [5.7–18.0] 1,530,000  (1.5) [1.2–1.8]  
  Chronic absence‡ 214,000 (13.9) [8.5–21.1] 3,733,000 (3.5) [3.1–4.0] <0.001 
Subsample of children with prior COVID-19  1,538,000 41,511,000  
 No. sick days   <0.001 
  0 311,000 (20.3) [13.5–28.5] 9,473,000  (23.0) [21.6–24.6]  
  1–5 421,000 (27.4) [20.4–35.4] 18,950,000 (46.1) [44.3–47.8]  
  6–17 588,000 (38.3) [29.7–47.6] 10,659,000 (25.9) [24.4–27.5]  
  18–29 49,000 (3.2) [1.1–7.1] 1,201,000 (2.9) [2.4–3.6]  
  >30 165,000 (10.7) [5.7–18.0] 844,000 (2.1) [1.6–2.6]  
  Chronic absence‡ 214,000 (13.9) [8.5–21.1] 2,045,000 (4.9) [4.2–5.7] <0.001 
*Data are from the National Health Interview Survey (5,6). Numbers are weighted, are rounded to the nearest thousand, and might vary because of 
missing data. All estimates are weighted, account for complex sampling, and meet National Center for Health Statistics data standards. Parents of 
children with prior COVID-19 (mild, moderate, or severe symptoms or unknown symptom severity during acute illness [2022] and all children with prior 
COVID-19 irrespective of acute illness symptom severity [2023]) were asked about ongoing symptoms using the question “Did [NAME] have any 
symptoms lasting 3 months or longer that [she/he] did not have prior to having COVID-19?” Children with an affirmative response were classified as 
having long COVID. Children who never had COVID-19 and those who had COVID-19 but never had ongoing symptoms were classified as never having 
long COVID. NA, not applicable. 
†p values are for Rao-Scott 2 tests for sociodemographic and health characteristics comparing children who ever and never had long COVID. 
‡Chronic absence from school for health reasons was defined as missing >18 days of school due to illness or injury during the 12 months preceding the 
survey. 
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disability and chronic absenteeism in US children 
wherein children with disabilities more frequently 
experienced >15 missed days of school compared 
with children without disabilities (14.8% vs. 4.4%) 
(39). Moreover, having long COVID at any point was 
significantly associated with parental education level 
(p<0.001), and previous literature found that socio-
economic factors can affect the association of chron-
ic health conditions and absenteeism (40). Schools 
might consider health-related factors in their ongoing 
efforts to improve school attendance (41) and could 
collaborate with healthcare systems to provide inte-
grated systems of support to address complex needs 
for children with disabilities and health concerns (42).

Limited guidance exists to address long COVID–
associated functional limitations or chronic absence 
resulting from long COVID in US school-aged chil-
dren (43). Guidance related to return-to-work and rea-
sonable accommodations for adults affected by long 
COVID (44) might not be applicable to children. The 
National Academies of Sciences, Engineering, and 
Medicine’s report on long COVID and disability high-
light that long COVID could greatly affect disability 
and functioning in children and that long COVID is 
poorly understood in that population (1). Appropriate 
diagnosis and treatment of symptoms could improve 
functional limitations among children with long CO-
VID. In addition, long COVID can be relapsing and 
remitting, so children might require flexible accommo-
dations to meet changing needs. Furthermore, inad-
equate rest and pushing beyond functional limitations 
can worsen long COVID symptoms (45,46). Healthcare 

providers can collaborate with parents, caregivers, and 
schools to develop educational intervention and sup-
port for children with special educational needs (47).

Strengths of this study include a large, nation-
ally representative sample of children with detailed 
information about sociodemographic and health 
characteristics. In addition, the tool used to measure 
functional limitations was specifically designed for 
population-based surveys and validated (7). 

The first limitation of this study was that long 
COVID and illness-related chronic absenteeism 
were based on parental report and could be subject 
to recall bias and misclassification. Second, identifi-
cation of COVID-19 history varied slightly between 
survey years. In 2022, ongoing symptoms were not 
ascertained among children with asymptomatic 
COVID-19. In 2023, ongoing symptoms were as-
certained among all children with prior COVID-19. 
Thus, children with asymptomatic COVID-19 or 
those with undetected COVID-19 might have been 
misclassified in the group without long COVID. In 
that case, our results might have been biased toward 
the null. Third, younger children have difficulty 
expressing ongoing symptoms, potentially lead-
ing to underreporting of long COVID. The Child  
Functioning Module was designed to be admin-
istered to caregivers in surveys so functional limi-
tations could be less subject to misclassification. 
Fourth, missed days of school for health reasons 
was not specific to long COVID. Because acute  
COVID-19 illness is associated with missed time from 
school, we limited the modeling to the subsample  
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Figure. Adjusted odds ratios 
from a study of functional 
limitations and illness-related 
chronic absenteeism among 
school-aged children with and 
without long COVID, United 
States, 2022–2023. Graph 
shows adjusted odds ratios 
(dots) and 95% CIs (whiskers) 
for chronic absence from school 
for health reasons among 
children with prior COVID-19 
illness comparing children 
who did and did not have long 
COVID. The study examined 
4,587 school-aged children 
(5–17 years) who had COVID-19 
illness identified through the 
National Health Interview Survey, 
2022–2023 (5,6). Chronic 
absence from school for health reasons was defined as missing >18 days of school because of illness or injury (compared with 0–17 
days) during the 12 months preceding the survey. The minimally adjusted model controls for race and Hispanic ethnicity and parental 
education. Chronic health conditions included asthma, prediabetes, and diabetes. Neurodevelopmental conditions include autism, 
attention-deficit hyperactivity disorder, intellectual disability, learning disability, and developmental delay.
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of children who had prior COVID-19 illness to iso-
late the effect of long COVID on illness-related 
chronic absenteeism beyond acute illness. Fifth, the 
NHIS is cross sectional, so we did not have infor-
mation about the timing of long COVID relative to 
chronic health or neurodevelopmental conditions, 
functional limitations, or absence from school. Long 
COVID–associated activity limitation was added to 
the 2023 survey but was not available for 2022. Fi-
nally, because of low prevalence of long COVID in 
children, stratified estimates for some chronic health 
and neurodevelopmental conditions did not comply 
with NCHS reporting standards. We combined re-
sponse options for some sociodemographic charac-
teristics to comply with reporting standards.

In summary, long COVID remains a public health 
concern in US school-aged children. Because children 
who had long COVID experienced a disproportion-
ate burden of functional limitations compared with 
their peers, educational institutions need to recog-
nize the potential for accommodations that support 
learning goals and social development. Because hav-
ing long COVID at any point was strongly associ-
ated with illness-related chronic absenteeism among 
children with prior COVID-19, healthcare providers 
and schools could collaborate to recognize and sup-
port children experiencing long COVID to minimize 
effects on learning and development.

This activity was reviewed by the US Centers for Disease 
Control and Prevention (CDC)’s Human Research  
Protection Office, deemed not research but rather public 
health surveillance, and was conducted consistent with 
applicable federal law and CDC policy (45 C.F.R. part 
46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. 
§552a; 44 U.S.C. §3501 et seq.).
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Respiratory syncytial virus (RSV) can cause severe ill-
ness, but little is known about long-term consequences 
in hospitalized adults. We surveyed adults (>18 years of 
age) who survived hospitalization for RSV or COVID-19 
during February 2022–September 2023 about physical 
functioning and quality of life; surveys were conducted 
6–12 months after hospitalization. We compared out-
comes after RSV hospitalization by age (<60 vs. >60 
years) and to those hospitalized for COVID-19 by us-
ing multivariable regression models. Among 146 adults  

hospitalized with RSV, 27.4% reported severe breath-
lessness and 21.9% poor quality of life at follow-up. 
Few differences were seen in posthospital illness by 
age. After adjustment, participants with RSV had 1.81 
(95% CI 1.08–3.04) times increased odds of worse dys-
pnea than did those with COVID-19. Participants report-
ed functional and quality of life impairments after RSV 
hospitalization, regardless of age, and a postdischarge 
sequelae constellation similar to that for those hospital-
ized for COVID-19.
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Respiratory syncytial virus (RSV) can cause se-
vere acute respiratory illness, especially in older 

adults. In the United States, RSV infections are re-
sponsible for ≈100,000–150,000 hospitalizations an-
nually in persons >60 years of age (1) and an esti-
mated economic burden of >$1.5 billion annually 
(2). RSV infections in older adults comprise 11% of 
hospital admissions for pneumonia and chronic ob-
structive pulmonary disease, 7% for acute heart fail-
ure, and 5% for asthma exacerbation (3). Compared 
with adults hospitalized and vaccinated for influ-
enza and COVID-19 in 2022–23, those hospitalized 
with RSV were more likely to be in the intensive care 
unit (ICU) and receive mechanical ventilation and 
are at higher risk for death in the hospital and by 1 
year after hospitalization (4–6).

The COVID-19 pandemic highlighted the long-
term sequelae associated with severe acute respira-
tory viral infection. Survivors of moderate-to-severe 
COVID-19 have substantial and persistent impair-
ments in cognitive and physical function and mental 
health, leading to loss of independence and health-
related quality of life (7–9) similar to those after other 
critical illnesses (10–13). Less is known about recov-
ery after hospitalization with RSV. A previous report 
found that 10% of adults hospitalized with RSV con-
tinue to have moderate-to-severe dyspnea, fatigue, or 
sleep disruption 3 months after discharge (14). One 
quarter of patients >60 years of age may have wors-
ening dyspnea, and one third experience worsening 
functional impairment 6 months after hospitalization 
(15). However, those studies were limited by narrow 
capture of outcomes (14), focusing only on older co-
horts (15), and limiting follow-up to 6 months (14,15).

Substantial gaps remain in determining the long-
term consequences of hospitalization with RSV. The 
primary objective of the prospective multicenter Sur-
veillance of Respiratory Infections’ Sequelae (Sun-
RISE) program is to describe posthospital functional, 
physical, symptom, and quality of life outcomes of 
patients hospitalized with acute RSV and other acute 
respiratory infections (ARI) up to 1 year after index 
hospitalization. The objectives of this analysis are to 
characterize patients in the SunRISE program and de-
scribe the burden of physical disability, loss of inde-
pendence, persistent symptoms, and poor quality of 
life outcomes 6–12 months after hospitalization with 
RSV; examine those outcomes after hospitalization for 
RSV among adults >60 years versus those <60 years 
of age, given RSV vaccination recommendations for 
those >60 years of age starting in June 2023 (16); and 
compare 6–12-month outcomes to outcomes among 
persons hospitalized with COVID-19.

Methods

Study Design and Setting
SunRISE is a nested posthospitalization surveillance 
project involving adult patients hospitalized in 26 
hospitals in 20 US states participating in the Inves-
tigating Respiratory Viruses in the Acutely Ill (IVY) 
Network, funded by the Centers for Disease Control 
and Prevention. Full IVY methods can be found else-
where (17–19). In brief, IVY enrolls adults (>18 years 
of age) admitted to participating hospitals with a 
clinical syndrome consistent with acute respirato-
ry illness (>1 signs and symptoms of fever, cough, 
shortness of breath, hypoxemia, or new pulmonary 
findings on chest imaging consistent with pneumo-
nia). Enrolled participants are systematically tested 
for RSV, SARS-CoV-2, and influenza by laboratory-
based PCR on a nasal swab sample within 10 days of 
symptom onset (17–19). 

Selection of Participants
Patients were eligible for SunRISE if they survived to 
hospital discharge. Patients were ineligible if the pa-
tient or their surrogate was unable to communicate 
in English or Spanish or if they had no reliable tele-
phone access. This analysis includes patients enrolled 
in SunRISE after hospitalization with either RSV (pri-
mary analytic cohort) or COVID-19 (comparator co-
hort) during February 2022–September 2023. For this 
analysis, we excluded patients who tested positive 
for multiple viruses (RSV, SARS-CoV-2, or influenza) 
during the index hospitalization and those in hospice 
care at hospital admission or discharge.

SunRISE telephone survey attempts began on 
April 26, 2023, and contact occurred up to 14 months 
after discharge. We recontacted patients who were 
still in the hospital at the time of initial contact after 
discharge. Eligible patients were approached at 6, 9, 
or 12 months after hospital admission at the earli-
est survey window in which they were eligible (Ap-
pendix 2 Figure 1, https://wwwnc.cdc.gov/EID/
article/31/14/24-1982-App2.pdf), enabling entry 
at any follow-up time point; we recontacted par-
ticipants who were unable to be reached at the next 
open survey window. We prioritized patients hos-
pitalized with RSV for contact because the primary 
goal was to study RSV-related sequelae. We matched 
hospitalized RSV patients with COVID-19 patients 
1:1 by admission date (within 30 days where possi-
ble) and site; not all RSV participants were matched 
(n = 1 in current analysis). We approached both IVY 
participants and proxies; whenever possible, we pri-
oritized collecting data directly from the participant. 
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To maximize survey completion, we offered surveys 
by telephone, email link, or postal mail, based on re-
spondent preference; we offered a Spanish-language 
version of the survey in all forms. We collected data 
using Research Electronic Data Capture (REDCap) 
(20,21). If the patient had multiple surveys completed 
(e.g., 6 and 9 months), we used the earliest follow-up 
timepoint with completed data because most partici-
pants had 6-month data.

Primary Outcomes
The primary outcomes for this analysis were physi-
cal function; degree of dyspnea; ability to perform 
basic activities of daily living (ADLs), such as bath-
ing, feeding, and dressing, and instrumental ADLs, 
such as shopping, managing finances, or making 
telephone calls; self-rated health; and quality of 
life (Appendix 2 Table 1). We characterized physi-
cal function by using the physical functioning sub-
scale of the RAND 36-Item Health Survey 1.0 (SF-36 
Physical Functional Subscale), which ranges from 0 
to 100, with higher scores indicating better physical 
functioning (22); its overall population mean (+SD) 
is 70.6 (+27.4) (23). At the first survey contact, we 
asked patients to rate physical function 2 weeks be-
fore the acute illness using the SF-36 Physical Func-
tion Subscale. We characterized the degree of dys-
pnea using a modified Medical Research Council 
(MRC) dyspnea scale (24), for which scores range 
from grade 0 (only gets breathless during strenu-
ous exercise) to grade 4 (gets too breathless to leave  
the house).

The Katz Index of Independence in ADLs char-
acterized the patient’s ability to perform basic 
ADLs (25). Scores range from 0 to 6, and higher 
scores indicate greater independence in perform-
ing basic ADLs (25). The Lawton Instrumental Ac-
tivities of Daily Living characterized the patient’s 
ability to perform instrumental ADLs (26). Scores 
range from 0 to 8, and higher scores indicate great-
er independence in performing instrumental ADLs 
(26). At the first contact, we asked patients to rate 
their ability to perform their basic and instrumental 
ADLs 2 weeks before the acute illness, using both 
scales to establish a baseline. We considered a de-
crease of >1 point compared with baseline on the 
Katz or Lawton scale a loss of 1 basic or instrumen-
tal ADL, respectively.

We assessed quality of life by using the Euro-
Qol 5-dimension, 5-level questionnaire (EQ-5D-5L), 
which uses 5 questions to characterize impairments 
in mobility, self-care, usual activities, pain/discom-
fort, and anxiety/depression to calculate utility index  

values validated for the US population (27). A util-
ity index value of 1.0 indicates perfect health, 0.0  
represents death, and <0.0 indicates quality of life worse 
than death. The EQ-5D-5L’s population mean (+SD) is 
0.85 (+0.21) (28). An EQ-5D-5L score <0.632 indicates 
fair quality of life, and a score <0.338 indicates poor 
quality of life (28). We also asked patients to report self-
rated health on a scale from 0 (the worst health) to 100 
(the best health). The self-rated health rating’s overall 
population mean (+SD) is 80.4 (+15.6) (28).

Secondary and Exploratory Outcomes
We characterized sleep, cognition, and involvement 
with social activities by using the Patient-Reported 
Outcomes Measurement Information System (PRO-
MIS) Sleep Disturbance (4 items) (29,30), Cognitive 
Function Abilities Subset (6 items) (31), and Social 
Roles and Activities (4 items) (32), respectively. We 
scored PROMIS scales by using the online Health-
Measures service, with default populations selected. 
The population means for all PROMIS scales are 
standardized to 50 (SD +10). Higher scores represent 
poorer sleep quality for the PROMIS Sleep Distur-
bance, and lower scores represent worse cognitive 
functioning for the PROMIS Cognitive Function Abil-
ities subset and decreased involvement in social ac-
tivities for the Social Roles and Activities subset. We 
assessed symptoms using a modified 15-item version 
of the Community-Acquired Pneumonia Symptoms 
Survey (33) (CAP-Sym), scored 0–75, with each symp-
tom rated on a scale of 0 (no symptom presence) to 5 
(severe) and higher scores indicating greater symp-
tom severity burden. Participants with missing data 
for a given symptom in the CAP-Sym score were im-
puted to not have that symptom. Symptoms were se-
vere if rated 4 or 5 in severity.

We also assessed exploratory outcomes.  
Those outcomes included the use of home help and 
living in a long-term care facility or skilled nursing 
facility (LTCF/SNF), 2 items about missed work or 
school for patients and caregivers, new or wors-
ened home oxygen use, and new or worsened con-
tinuous positive airway pressure or other breath-
ing machine use compared with 1 month before  
hospitalization.

Data Collected during Acute Hospitalization
Data collected from the index hospitalization included 
ICU admission; discharge location, such as home or 
skilled nursing facility; and length of stay. Severe in-
hospital outcomes were any of the following events: 
deep vein thrombosis, pulmonary embolism, myo-
cardial infarction, stroke, high-flow nasal cannula  
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oxygen, noninvasive or invasive mechanical venti-
lation, new tracheostomy, new renal replacement 
therapy, use of vasopressors, or use of extracorporeal 
membrane oxygenation.

Statistical Analysis
We computed descriptive statistics, including fre-
quencies and percentages, means with SDs, or medi-
ans with interquartile ranges (IQR), for demographic 
data and outcome variables. We calculated p values 
for comparisons between adults <60 years versus 
>60 years of age and between patients with RSV ver-
sus those with COVID-19 by using χ2 or Fisher exact 
tests for categorical variables and independent t or 
Wilcoxon signed-rank tests for continuous variables,  
as appropriate.

We constructed multivariable regression models 
separately for each primary and secondary outcome 
of interest to compare age <60 years versus >60 years 
among patients hospitalized with RSV, as well as 
to compare patients hospitalized with RSV to those 
hospitalized with COVID-19, adjusting for potential 
confounders. Model forms included linear, logistic, 
and ordinal regression, as appropriate; model con-
struction was based on sample size and number of 
outcomes to avoid the overfitting of models. We used 
firth correction for rare outcomes, where appropri-
ate. We adjusted all models for age, sex, race and eth-
nicity, smoking status at index hospitalization, num-
ber of organ systems affected by chronic disease, and 
baseline physical functioning limitations (defined as 
requiring home care help or unable to walk indepen-
dently) and additionally adjusted dyspnea models 
for chronic pulmonary disease as a sensitivity analy-
sis. Models comparing persons hospitalized with 
RSV to those hospitalized with COVID-19 included 
a virus variable. For outcome models with baseline 
Katz, Lawton, and SF-36 Physical Functional Sub-
scale data available, we included the matching retro-
spective baseline variable. We assessed collinearity 
between selected variables before final model con-
struction. Results are presented following STROBE 
guidelines; odds ratios (ORs), proportional odds, or 
β coefficients with 95% CIs are reported for compara-
tor groups, as appropriate, based on model form.

We used complete case analysis and conducted 
all analyses using SAS version 9.4 (SAS Institute Inc., 
https://www.sas.com). We considered p<0.05 to be 
statistically significant for all analyses conducted. 

Results
During February 2022–September 2023, a total of 
21,611 patients were enrolled in IVY during acute 

hospitalization. Of those, 610 were hospitalized 
with RSV, and 465 were eligible and approached for 
long-term outcome assessment (Appendix 2 Figure 
2). Sixty-two patients had co-detection of influenza 
or COVID-19 and were excluded from the analy-
sis. Of the remaining 403 patients, 146 completed 
surveys included in the analysis at the earliest 
of 6 (n = 84), 9 (n = 34), or 12 (n = 28) months. Pa-
tients hospitalized with RSV participating in Sun-
RISE were largely similar to nonparticipants, al-
though nonparticipants were older and more often 
discharged to LTCFs (Appendix 2 Table 2). An ad-
ditional 118 patients hospitalized with COVID-19 
(of 8,715 hospitalized) were able to be matched to 
RSV cases and included as a comparator cohort. 
The median time of survey follow-up was ≈6.5 (IQR 
5.2–9.8) months for those hospitalized with RSV 
and 6.7 (IQR 5.6–9) months for those hospitalized 
with COVID-19.

Characteristics of RSV-Positive Participants
Median age of participating RSV patients was 60.5 
(IQR 49.0–70.0) years; 88 (60.3%) were female and 
58 (39.7%) male, 43 (29.5%) were non-Hispanic 
Black, and 22 (15.1%) were of Hispanic ethnicity 
(Table 1). Most (67.8%) patients had cardiovascular 
disease before hospitalization with RSV; other com-
mon underlying conditions included pulmonary 
disease (45.9%), endocrine disease (36.3%), and 
immunocompromised status (30.1%). Forty-four 
(30.1%) patients had baseline physical functioning 
limitations. During hospitalization with RSV, 25% 
were admitted to an ICU, and 36% had severe in-
hospital outcomes; median hospital length of stay 
was 5 (IQR 3–9) days.

Long-Term Outcomes after RSV Hospitalization
Compared with preillness baseline, 28% of patients 
had a decrease of >5 points in their SF-36 Physical 
Function Subscale scores 6–12 months after hospi-
talization, indicating a significant loss of physical 
function after acute RSV illness (Table 2; Appendix 2 
Table 3); 48% reported similar physical functioning, 
and 12% reported improvement. In addition, 11.6% 
had a loss in instrumental and 11.0% in basic ADL; 
71% (instrumental) and 76% (basic) reported the same 
ADLs as baseline, and ≈10% showed improvement. 
More than 25% reported that they got breathless 
when dressing, talking, or at rest. The RSV cohort had 
a median (IQR) self-rated health of 60 (IQR 50–80), 
indicating moderate health. Last, 21.9% indicated 
that they had poor quality of life as characterized by  
the EQ-5D-5L.
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Among the RSV cohort, 26.7% of participants re-
ported PROMIS Sleep Disturbances >1 SD above the 
standardized mean of 50, 13.7% reported PROMIS 
Cognitive scores >1 SD below the standardized mean 
of 50, and 24.0% reported PROMIS Social Activities 
>1 SD below the standardized mean of 50. The total 
median modified CAP-Sym score was 13 (IQR 5–23), 
with a median of 1 (IQR 0–3) severe symptom report-
ed (Appendix 2 Table 4).

Almost half (44%) of RSV participants reported re-
ceiving home care help for medical care or activities of 
daily living at the time of the survey. Of those current-
ly working (n = 27), 59% reported missing >1 day of 
work or school because of illness after hospitalization.

Comparing 6–12-Month Outcomes for Patients <60  
and >60 Years of Age in Adults Hospitalized for RSV
The loss of ability to perform >1 basic ADL, de-
creased physical function (SF-36 Physical Function 
Subscale decrease >5 points), extreme dyspnea, self-
rated health, and poor quality of life were similar 
between younger (<60 years) and older (>60 years) 
patients with RSV at 6–12 months postillness. Cogni-
tive function, social function, and CAP-Sym scores 
were additionally similar. However, younger adults 
had lower odds of a loss in ability to perform 1 in-
strumental ADL (4.2% vs. 18.7%; adjusted OR [aOR] 
0.24, 95% CI 0.07–0.83) (Figure 1) and higher odds 
of having sleep disturbances >1 SD above the mean 
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Table 1. Characteristics of patients in a study of long-term illness in adults hospitalized for respiratory syncytial virus disease or 
COVID-19, United States, February 2022–September 2023* 

Category 
Primary RSV cohort 

COVID-19, n = 118 Overall, n = 146 Age <60, n = 71 Age >60, n = 75 
Demographics     
 Age at admission, y (IQR) 60.5 (49.0–70.0) 49.0 (35.0–54.0) 70.0 (65.0–75.0) 64.5 (52.0–75.0) 
 Sex     
  F 88 (60.3) 39 (54.9) 49 (65.3) 60 (50.9) 
  M 58 (39.7) 32 (45.1) 26 (34.7) 57 (48.3) 
 Race/ethnicity     
  Non-Hispanic White 68 (46.6) 22 (31.0) 46 (61.3) 73 (61.9) 
  Non-Hispanic Black 43 (29.5) 26 (36.6) 17 (22.7) 27 (22.9) 
  Hispanic 22 (15.1) 15 (21.1) 7 (9.3) 11 (9.3) 
  Other 8 (5.5) 4 (5.6) 4 (5.3) 5 (4.2) 
  Unknown 5 (3.4) 4 (5.6) 1 (1.3) 2 (1.7) 
 Current/former smoker 22 (15.1) 12 (16.9) 10 (13.3) 21 (18.8) 
 Long-term care facility at admission† 4 (2.7) 1 (1.4) 3 (4.0) 5 (4.2) 
Baseline characteristics at hospital admission 
 Immunocompromised status 44 (30.1) 28 (39.4) 16 (21.3) 39 (33.1) 
 Cardiovascular disease 99 (67.8) 40 (56.3) 59 (78.7) 82 (69.5) 
 Neurologic disease 9 (6.2) 8 (11.3) 1 (1.3) 19 (16.1) 
 Pulmonary disease 67 (45.9) 25 (35.2) 42 (56.0) 38 (32.2) 
 Gastrointestinal disease 6 (4.1) 6 (8.5) 0 (0.0) 7 (5.9) 
 Endocrine disease 53 (36.3) 23 (32.4) 30 (40.0) 51 (43.2) 
 Renal disease 40 (27.4) 15 (21.1) 25 (33.3) 34 (28.8) 
 Hematologic disease 24 (16.4) 9 (12.7) 15 (20.0) 16 (13.6) 
 Autoimmune/inflammatory disease 13 (8.9) 8 (11.3) 5 (6.7) 9 (7.6) 
 Psychiatric disorders 32 (21.9) 18 (25.4) 14 (18.7) 32 (27.1) 
 No. organ systems with chronic disease (IQR)‡ 2.0 (2.0–3.0) 2.0 (1.0–3.0) 2.0 (2.0–3.0) 2.0 (1.0–3.0) 
 Baseline physical functioning limitations§ 44 (30.1) 18 (25.4) 26 (34.7) 50 (42.4) 
 COVID-19 vaccination, current season¶ 50 (34.2) 16 (22.5) 34 (45.3) 36 (30.5) 
Characteristics of hospital course 
 Intensive care unit admission 36 (24.7) 19 (26.8) 17 (22.7) 15 (12.7) 
 Severe hospital outcomes# 53 (36.3) 24 (33.8) 29 (38.7) 20 (17.0) 
 Hospital length of stay, d (IQR)** 5.0 (3.0–9.0) 4.0 (3.0–8.0) 5.0 (3.0–10.0) 4.0 (2.0–7.0) 
 Discharged to long-term care facility 10 (6.9) 4 (5.6) 6 (8.0) 15 (12.7) 
*Values are no. (%) except as indicated. Percentages for fields with missing values are computed based on the full column value. For those with RSV, 
variables missing data were current/former smoker (n = 12), long-term care facility at admission (n = 2), COVID-19 vaccination status (n = 2), and 
discharged to long-term care facility (n = 6). For those with COVID-19, variables missing data were sex (n = 1), current/former smoker (n = 6), long-term 
care facility at admission (n = 4), COVID-19 vaccination status (n = 4), and discharged to long-term care facility (n = 1). IQR, interquartile range; RSV, 
respiratory syncytial virus. 
†Including nursing homes, assisted living homes, and rehabilitation hospital or other subacute or chronic facility. 
‡Organ systems affected by chronic disease: cardiovascular disease, neurologic disease, pulmonary disease, gastrointestinal disease, endocrine 
disease, kidney disease, hematologic disease, autoimmune disease, and immunocompromising conditions. 
§Baseline physical functioning limitations are defined as receiving home care help or unable to walk. 
¶Defined for those hospitalized before September 1, 2022, as completion of a primary series plus 1 or 2 monovalent (original) boosters and for those 
hospitalized after September 1, 2022, as receipt of >1 bivalent vaccine doses 
#Defined as any of the following events during the acute illness hospitalization: deep vein thrombosis, pulmonary embolism, myocardial infarction, stroke, 
high-flow nasal cannula oxygen, noninvasive or invasive mechanical ventilation, new tracheostomy, new renal replacement therapy, use of vasopressors, 
or extracorporeal membrane oxygenation. 
**Those hospitalized >28 d had length of stay truncated at 28 d. 
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Table 2. Six- to 12-mo outcomes in a study of long-term illness in adults hospitalized for respiratory syncytial virus disease or  
COVID-19, United States, February 2022–September 2023* 

Category 

RSV only 

 

RSV versus COVID-19 

Age <60, n = 71 Age >60, n = 75 
p 

value† 
RSV positive,  

n = 146 
SARS-CoV-2 

positive, n = 118 
p 

value† 
Primary outcomes‡  
 SF36-PF, median (IQR) 47.5 (20.0–80.0) 20.0 (10.0–60.0) 0.008  40.0 (15.0–75.0) 42.5 (10.0–80.0) 0.799 
 Change from baseline, median  
 (IQR) 

0.0 (–5.0 to 0.0) 0.0 (–10.0 to 0.0) 0.087  0.0 (–5.0 to 0.0) 0.0 (–10.0 to 0.0) 0.462 

 Katz ADLs,§ median (IQR) 6.0 (6.0–6.0) 6.0 (5.0–6.0) 0.053  6.0 (5.0–8.0) 6.0 (5.0–6.0) 0.854 
 Decrease from baseline >1 point 7 (9.9) 9 (12.0) 0.682  16 (11.0) 12 (10.2) 0.858 
 Lawton instrumental ADLs,§  
 median (IQR) 

8.0 (6.0–8.0) 7.0 (3.0–8.0) 0.077  8.0 (5.0–8.0) 8.0 (5.0–8.0) 0.802 

 Decrease from baseline >1 point 3 (4.2) 14 (18.7) 0.005  17 (11.6) 17 (14.4) 0.519 
 Dyspnea   0.558    0.104 
  Grade 0/1 21 (29.6) 22 (29.3)   43 (29.5) 49 (41.5)  
  Grade 2 9 (12.7) 6 (8.0)   15 (10.3) 7 (5.9)  
  Grade 3 19 (26.8) 18 (24.0)   37 (25.3) 26 (22.0)  
  Grade 4 16 (22.5) 24 (32.0)   40 (27.4) 23 (19.5)  
 Self-rated health, median (IQR) 62.5 (50.0–80.0) 60.0 (50.0–80.0) 0.222  60.0 (50.0–80.0) 70.0 (50.0–80.0) 0.678 
 EQ-5D-5L, median (IQR) 0.712  

(0.394–0.926) 
0.687  

(0.363–0.883) 
0.551  0.705  

(0.338–0.902) 
0.719  

(0.458–0.904) 
0.481 

  Good, >0.632 39 (54.9) 39 (52.0)   78 (53.4) 67 (56.8)  
  Fair, 0.338–0.632 13 (18.3) 15 (20.0)   28 (19.2) 24 (20.3)  
  Poor, <0.338 16 (22.5) 16 (21.3)   32 (21.9) 22 (18.6)  
Secondary outcomes  
 PROMIS Sleep Disturbances        
  Median (IQR) 53.9 (41.2–63.8) 51.4 (41.2–57.2) 0.219  51.7 (41.2–61.1) 50.0 (42.1–57.7) 0.606 
  >1 SD >50 25 (35.2) 14 (18.7) 0.023  39 (26.7) 23 (19.5) 0.189 
 PROMIS Cognitive Function        
  Median (IQR) 50.8 (43.4–66.2) 52.7 (43.4–66.2) 0.931  51.4 (43.4–66.2) 51.7 (43.9–66.2) 0.880 
  >1 SD <50 8 (11.3) 12 (16.0) 0.333  20 (13.7) 16 (13.6) 0.963 
 PROMIS Social Activities        
  Median (IQR) 51.8 (37.2–64.2) 49.9 (40.2–58.1) 0.489  51.5 (37.9–64.2) 51.8 (40.3–64.2) 0.423 
  >1 SD <50 19 (26.8) 16 (21.3) 0.626  35 (24.0) 26 (22.0) 0.666 
 CAP-Sym Score        
  Total score 14.0 (3.0–24.0) 12.0 (6.0–20.0) 0.533  13.0 (5.0–23.0) 9.0 (3.0–20.0) 0.161 
  Total no. severe symptoms 1.0 (0.0–3.0) 1.0 (0.0–2.0) 0.269  1.0 (0.0–3.0) 1.0 (0.0–2.0) 0.430 
Exploratory outcomes§  
 Receives regular help at home  
 with medical care or ADL 

27 (38.0) 38 (50.7) 0.125  65 (44.5) 53 (44.9) 0.900 

 New receipt of home health care 
 from hospitalization 

10 (14.1) 17 (22.7) 0.195  27 (18.5) 10 (8.5) 0.019 

 SNF/LTCF at survey timepoint 2 (2.8) 7 (9.3) 0.094  9 (6.2) 7 (5.9) 0.784 
 New SNF/LTCF compared with  
 hospitalization 

1 (1.4) 5 (6.7) 0.099  6 (4.1) 2 (1.7) 0.263 

 Patient missed work or school¶ 12/18 (66.7) 4/9 (44.4) 0.411  16/27 (59.3) 11/19 (57.9) 0.926 
 Caregiver missed work or school 31 (43.7) 18 (24.0) 0.016  49 (34.5) 29 (24.6) 0.196 
 New/worsened home oxygen  
 use# 

19 (26.9) 17 (22.7) 0.566  36 (24.7) 19 (16.1) 0.110 

 New/worsened CPAP/other  
 breathing machine use#  

6 (8.5) 5 (6.7) 0.683  11 (7.5) 5 (4.2) 0.287 

*Values are no. (%) except as indicated. Earliest completed survey from 6, 9, or 12 mo was used. Percentages for fields with missing values are 
computed based on the full column. Details on each testing scale are provided in the text. For those with RSV, variables missing data were SF36-PF (n = 
9), baseline SF-36 PF comparison (n = 17), Katz (n = 5), baseline Katz comparison (n = 6), Lawton (n = 4), baseline Lawton comparison (n = 11), 
dyspnea (n = 11), self-rated health (n = 9), EQ-5D-5L (n = 8), PROMIS sleep disturbance (n = 4), PROMIS cognitive function (n = 8), PROMIS social 
activities (n = 14), new home care help (n = 3), new LTCF (n = 3), and caregiver time off (n = 4). For those with COVID-19, variables missing data were 
SF36-PF (n = 8), baseline SF-36 PF comparison (n = 12), Katz (n = 5), baseline Katz comparison (n = 6), Lawton (n = 5), baseline Lawton comparison (n 
= 8), dyspnea (n = 13), self-rated health (n = 4), EQ-5D-5L (n = 5), PROMIS sleep disturbance (n = 5), PROMIS cognitive function (n = 6), PROMIS social 
activities (n = 10), home care help (n = 1), new home care help (n = 2), new LTCF (n = 4), caregiver time off (n = 10), new home oxygen use (n = 3), and 
new home CPAP use (n = 3). Of those with RSV, 94 (64%) had nonmissing data for the survey components, and of those with COVID-19, 76 (64%) had 
nonmissing data for the survey components; missing data was imputed to 0/no for symptoms, so those missing individual symptoms are not included. 
ADL, activity of daily living; CPAP, continuous positive airway pressure; EQ-5D-5L, EuroQol 5-dimension, 5-level questionnaire; IQR, interquartile range; 
LTCF, long-term care facility; RSV, respiratory syncytial virus; SF-36 PF, Short Form-36 Physical Function Subscale score; SNF, skilled nursing facility. 
†p values compare persons <60 y of age to those >60 y of age and patients with RSV versus those with COVID-19 and were computed using 2 or Fisher 
exact tests for categorical variables or Wilcoxon signed-rank tests for continuous variables, as appropriate. 
‡Change from baseline calculated for those surveys with nonmissing data. 
§Basic ADLs include bathing, feeding, and dressing; instrumental ADLs include shopping, managing finances, or making telephone calls 
¶Column percentages computed for those who reported being employed or in school at time of hospitalization. 
¶Compared with 1 mo before hospitalization. 
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(35.2% vs 18.7%; aOR 2.61, 95% CI 1.11–6.12) com-
pared with older patients.

Comparing 6–12-Month Outcomes for Adults  
Hospitalized with RSV Versus COVID-19
Compared with COVID-19 patients and similar to the 
larger IVY cohort (4), patients hospitalized with RSV 
in SunRISE were slightly younger (median age 60.5 
[IQR 49.0–70.0] years vs. 64.5 [IQR 52.0–75.0] years) 
and had higher proportions of preillness pulmo-
nary disease (45.9% vs. 32.2%). Those with RSV ad-
ditionally had more frequent ICU admission (24.7% 
vs. 12.7%), and severe in-hospital outcomes (36.3% 
vs. 17.0%) than those with COVID-19. Patients hos-
pitalized with COVID-19 reported a higher rate of 
baseline physical functioning limitations (42.4% vs. 
30.1%). Unadjusted outcomes were largely similar for 
patients with COVID-19 and those with RSV (Table 
2). After adjusting for demographics and covariates, 
those hospitalized with RSV had 1.90 (95% CI 1.14–
3.16) times higher proportional odds of more severe 
dyspnea than those hospitalized with COVID-19 (Fig-
ure 2; Appendix 2 Table 5); results were similar when 
adjusting for pulmonary disease. We found no other 
statistically significant differences between outcomes.

Discussion
In this multicenter analysis of adults hospitalized 
with RSV in 20 US states, patients exhibited signifi-
cant impairments in physical function and abilities to 
perform ADLs, significant dyspnea, poor self-rated 
health, and poor quality of life at 6–12 months af-
ter hospitalization. Of note, almost half of SunRISE 

participants were <60 years of age, the minimum 
age recommended for RSV vaccination by the Advi-
sory Committee on Immunization Practices starting 
in June 2023 (16). However, our cohort showed sig-
nificant and persistent functional and quality of life 
impacts after RSV hospitalization regardless of age. 
In addition, those hospitalized with RSV suffered a 
constellation of postdischarge sequelae of similar 
breadth and severity to that described by patients 
hospitalized with COVID-19, with the exception of 
more severe dyspnea in those with RSV. Together, 
those results suggest the potential for substantial and 
lingering harm from severe RSV illness across the en-
tire adult age spectrum. 

Our findings document long-term sequelae after 
hospitalization with RSV. One potential additional 
benefit of RSV vaccination may be prevention of ad-
verse long-term outcomes. This information can be 
used by clinicians and public health practitioners 
who monitor at-risk patients after hospitalization, 
and to inform efforts to prevent and reduce the sever-
ity of these hospitalizations through targeted vaccina-
tion campaigns and other measures (34).

Few studies have evaluated the effect of severe 
RSV illness on physical function, which can deterio-
rate even before any impairments in performing ac-
tivities of daily living are appreciated. We found that 
the median SF-36 Physical Function Subscale score 
at the time of the 6–12 month follow-up survey was 
40, and >25% of all participants reported a decrease 
of >5 points (>10 points for those >60 years of age) 
from baseline, indicating substantial physical long-
term impairment after hospitalization with RSV. That 
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Figure 1. Multivariable model results for 6- to 12-month primary and secondary outcomes for patients hospitalized with respiratory 
syncytial virus by age in a study of long-term illness in adults hospitalized for respiratory syncytial virus disease or COVID-19, United 
States, February 2022–September 2023. Models compared persons <60 years of age to those >60 years of age. Results are presented 
separately for continuous (A) and binary or ordinal (dyspnea) (B) outcomes. The earliest completed survey from 6, 9, or 12 months was 
included. Models were additionally adjusted for sex, race/ethnicity, smoking status, baseline functional limitations, and number of organ 
systems affected by chronic disease. For outcome models with baseline data available (Katz, Lawton, and SF-36 PF), the matching 
retrospective baseline variable was included. Red indicates statistically significant effects. Error bars indicate 95% CIs. Vertical dotted 
lines indicate a null result value for that model type. Outcomes where higher values indicate worse illness for those <60 years of age: 
CAP-Sym total score, dyspnea, Lawton >1 point decrease, Katz >1 point decrease, and PROMIS Sleep Disturbance >1 SD. Details on 
each testing scale are provided in the text.
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loss in physical function could be driven by persis-
tent symptoms; 63% of patients reported moderate 
or worse dyspnea at the time of the survey. We also 
observed that 11% of our cohort had lost the ability 
to perform 1 basic ADL and 12% lost the ability to 
perform 1 instrumental ADL at 6-months. Those per-
centages are lower than those observed in a previous 
study that reported 33% lost the ability to perform 1 
basic ADL and 32% lost the ability to perform 1 instru-
ment ADL at 6 months after RSV hospitalization (15). 
However, those differences are likely because of dif-
ferent patient characteristics; our cohort was younger 
(median age 60.5 vs. 74 years), and fewer resided in a 
skilled nursing facility (3% vs. 8%).

Given the degree of functional impairment, dis-
ability, and persistent symptoms, that SunRISE par-
ticipants reported poor self-rated health and quality 
of life is not surprising. Several studies have evalu-
ated health-related quality of life after RSV illness. A 
study in Europe observed a median (IQR) EQ-5D-5L 
index score of 0.85 (0.81–0.94) in community-dwell-
ing older patients with RSV illness at 1 week after 
acute illness, but index scores improved to baseline 
4 weeks postinfection (35). However, that cohort en-
rolled nonhospitalized RSV patients, who likely had 
better baseline quality of life and health than those 
in our study; health-related quality of life and self-
rated health are moderately correlated with lower 
respiratory tract symptoms (14). Another study col-
lected EQ-5D-5L scores at 3 months after hospital-
ization with RSV from 238 patients; the authors did 
not report summary EQ-5D-5L index scores, but the 
mean self-rated health was slightly higher than that 
observed in SunRISE (14). Our study extends the 

findings to a younger cohort with longer duration 
of follow-up and strengthens evidence for potential 
significant long-term sequelae after RSV hospitaliza-
tion, regardless of age. Additional studies are needed 
to determine how severe RSV illness affects quality 
of life.

This study has several strengths, most notably 
that the underlying patient population is drawn 
from a large nationwide public health surveillance 
network for ARI, making the cohort more general-
izable to those experiencing severe RSV illness. Ro-
bust data collection, including surveys in both Eng-
lish and Spanish, increase the generalizability of the 
SunRISE cohort. Surveys included both single-item 
questions and validated questionnaires, enabling ro-
bust data capture and comparison to other critical 
care and ARI cohorts. 

The first limitation of our study is that, as for 
many prospective studies, the included popula-
tion may represent a relatively healthier population; 
survival to hospital discharge was required for par-
ticipation, so results may underestimate RSV and  
COVID-19 posthospitalization sequelae. In addition, 
given the broad range of underlying conditions in 
this population, fully separating changes occurring as 
part of the natural history of those conditions versus 
the effects of hospitalization for acute viral illness may 
be difficult. That difference could potentially overes-
timate the degree of long-term sequelae caused by the 
acute viral disease. However, adjustment for func-
tional limitations collected at hospitalization, number 
of organ systems affected by a chronic disease, and 
pulmonary disease status (for dyspnea) reduced that 
risk. Retrospective recall of preillness health status is 
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Figure 2. Multivariable model results for 6- to 12-month primary and secondary outcomes for patients in a study of long-term illness in 
adults hospitalized for respiratory syncytial virus disease or COVID-19, United States, February 2022–September 2023. The earliest 
completed survey from 6, 9, or 12 months was included. Results are presented separately for continuous (A) and binary or ordinal 
(dyspnea) (B) outcomes. Models were additionally adjusted for sex, race/ethnicity, smoking status, baseline functional limitations, 
number of organ systems affected by chronic disease. For outcome models with baseline data available (Katz, Lawton, and SF-36 
PF), the matching retrospective baseline variable was included. Red indicates statistically significant effects. Error bars indicate 95% 
CIs. Vertical dotted lines indicate a null result value for that model type. The following are those outcomes where higher values indicate 
worse illness for those with respiratory syncytial virus: CAP-Sym total score, dyspnea, Lawton >1 point decrease, Katz >1 point 
decrease, and PROMIS Sleep Disturbance >1 SD. Details on each testing scale are provided in the text.
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imprecise because of time elapsed and other factors, 
and is potentially biased in either direction. Further, 
prehospitalization baseline data were limited and not 
collected on all outcomes, potentially biasing results 
in either direction. Finally, the sample size for this 
study did not allow for the robust examination of risk 
factors or protective factors, such as vaccination, for 
long-term sequelae after hospitalization with RSV; 
those considerations will be the focus of subsequent 
analyses of the SunRISE program.

In this first analysis of the SunRISE program, many 
patients who were hospitalized with RSV had poor 
physical functioning (median SF-36 Physical Function 
Subscale score of 40 out of 100), functional impair-
ment (19% reporting new receipt of home help after 
hospitalization), and persistent symptoms including 
dyspnea (63% reporting grade 2 or higher dyspnea) 
at 6–12 months after hospitalization, regardless of age. 
A substantial proportion of participants also reported 
poor quality of life (41% reporting fair or poor EQ-5D-
5L scores) and poor self-rated health (median 60 out of 
100) up to 1 year after hospitalization with RSV. Such 
long-term effects appear similar to those occurring 
after hospitalization with COVID-19, another acute 
respiratory illness associated with adverse long-term 
outcomes in adults. Data from this analysis can inform 
risk communication about RSV in adults and the po-
tential benefits of RSV prevention through vaccination.
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Lyme disease (LD) is a tickborne illness caused in 
North America by the bacteria Borrelia burgdor-

feri and B. mayonii. Human cases occur primarily 
in the northeastern and upper midwestern United 
States (1). Most patients recover completely when 
treated with appropriate antimicrobial drugs (2–4); 
however, some report prolonged nonspecific symp-
toms of pain, fatigue, or cognitive difficulties (5–12). 
Those prolonged symptoms are often referred to as 
post-treatment Lyme disease syndrome (PTLDS) and 
can occur in the absence of objective chronic sequelae 
such as facial palsy or recurrent arthritis. Persistence 

of similar nonspecific symptoms has been reported af-
ter other infections, including COVID-19, which sug-
gests a common mechanism underlying such infec-
tion-associated chronic conditions and illnesses (13).

Published studies describing the frequency and 
duration of nonspecific symptoms after acute LD 
have several limitations. Some have lacked a con-
trol group. Because symptoms of pain, fatigue, and 
cognitive difficulties are commonly experienced by 
the general population, inclusion of a control group 
is essential to determine the fraction of symptoms 
specifically attributable to LD. Other studies have 
been challenging to contextualize because of varia-
tions in methodology, patient groups, and timing 
of assessment (4,14–18). Among recent studies that 
are methodologically similar and include controls, 5 
have reported on the frequency of nonspecific symp-
toms at 6 and 12 months after treatment for patients 
with early localized LD (i.e., erythema migrans rash). 
Two studies (16,18) reported elevated frequencies 6 
months after treatment for >2 symptom types among 
case-patients compared with control-patients; 3 other 
studies reported no notable differences in relative fre-
quencies for the symptom types of pain, fatigue, or 
cognitive difficulties (11,14,19). One of the 5 studies 
reported significantly elevated symptom frequencies 
among case-patients at 12 months posttreatment (16). 
Nevertheless, most of those recent studies identified a 
small subset of patients having prolonged symptoms 
consistent with PTLDS during 12 months of follow-
up (11,16,18).

Large health record databases, such as those con-
taining electronic health records or insurance claims 
records, have been used to identify and evaluate LD 
diagnoses, including the frequency of nonspecific 
symptom diagnosis codes suggestive of PTLDS in the 
year after LD diagnosis (20,21). In this study, we used 
a large insurance claims database to determine the 
frequency and risk for nonspecific symptom codes 
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For some patients who have Lyme disease (LD), non-
specific symptoms can persist after treatment and im-
pair quality of life. Estimating the frequency and dura-
tion of such symptoms is challenging. Using commercial 
insurance claims data from 2017–2021 for enrollees 
residing in states where LD is common, we identified 
24,503 case-patients with LD and matched them (1:5) 
with 122,095 control-patients with other diagnoses by 
demographics, medical service date, and inpatient/out-
patient setting. We compared relative frequencies of di-
agnosis codes for pain, fatigue, and cognitive difficulties 
between case-patients and control-patients in the year 
after diagnosis. Those symptom codes occurred 5.0% 
more frequently among case-patients than among con-
trol-patients and comprised »11.0% of the total symptom 
codes among case-patients. Symptom code frequency 
among case-patients declined significantly in the 6–12 
months after LD diagnosis and reached levels similar to 
control-patients by the end of the year, with the excep-
tion of fatigue.
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suggestive of PTLDS that were attributable to LD 
during the 12 months after diagnosis. 

Methods

Data Source
In this matched cohort study, we used 2017–2021 data 
from the Merative MarketScan Commercial Claims 
and Encounters Databases (22), which contains an-
nual insurance claims information for >25 million US 
residents <65 years of age with employer-sponsored 
health insurance and their dependents. We restricted 
the eligible patient population for this study to those 
who resided in states with a high incidence of LD 
(defined as >10 confirmed cases of LD per 100,000 
population for 3 years) (23). Centers for Disease Con-
trol and Prevention human subjects review deter-
mined that this project did not involve human sub-
jects. Thus, Institutional Review Board approval was  
not required.

Identification of LD Case-Patients
To identify LD case-patients, we used a previously 
developed algorithm (23) based on International 
Classification of Diseases, 10th Revision, Clinical 
Modification (ICD-10-CM), codes for LD (A69.2x) and 
a prescription claim for >7 days of treatment with a 
recommended first-line drug for LD within 14 days 
before or after the date of the the ICD-10-CM code. 
We identified inpatient diagnoses solely on the basis 
of whether an ICD-10-CM code for LD was listed as 
the primary or secondary diagnosis code.

We excluded case-patients with <365 days of 
continuous health plan enrollment immediately be-
fore and after their LD diagnosis date. To increase the 
probability that we included only new LD diagnoses, 
we also excluded patients with an LD ICD-10-CM 
code in the 365 days before they met LD case-patient 
criteria. Patients could meet LD diagnosis criteria 
multiple times in the 5-year study period, but we in-
cluded only the first instance per calendar year.

Selection of Matched Control-Patients
We identified a 5% random sample of all eligible Mar-
ketScan enrollees each year during the 5-year study 
period. We then matched the potential control-pa-
tients individually to case-patients without replace-
ment on age group (0–17, 18–34, 35–44, 45–54, 55–64 
years), sex, and inpatient versus outpatient diagnosis. 
Of the potential control-patients meeting the match-
ing criteria for a case-patient, we considered for se-
lection only those having a healthcare visit within 
+14 days of the case-patient’s LD diagnosis date. All 

potential control-patients had to have >365 days of 
continuous enrollment immediately before and after 
their matched date. We required >1 control-patient 
per case-patient to a maximum of 5. Persons who met 
case-patient criteria in a given year were ineligible to 
be control-patients in that year.

Identification of Nonspecific Symptom Codes
We identified nonspecific symptoms suggestive of 
PTLDS by specific healthcare encounter-associated 
ICD-10-CM diagnosis codes in case-patient and con-
trol-patient claims occurring 365 days before to 365 
days after the matched diagnosis date. We noted such 
symptoms in the categories of pain, fatigue, and cog-
nitive difficulties (Appendix Table 1, https://wwwnc.
cdc.gov/EID/article/31/14/25-0459-App1.pdf).

Analysis
We calculated weighting for each observation (Ap-
pendix) and incorporated it into all point and variance 
estimates. We compared the weighted proportion of 
symptom codes among case-patients and control-pa-
tients by month and symptom category (pain, fatigue, 
cognitive difficulties) in the 2–12 months (hereafter 
referred to as the year) before and after diagnosis. 
The 30 days before and after the diagnosis date were 
the wash-out period, in which we considered any 
symptom codes to be likely attributable to acute ill-
ness rather than persistent symptoms. To evaluate 
associations between having a diagnosis of LD and 
nonspecific symptom codes in the year before and 
after diagnosis, we calculated risk ratios (RRs) and 
attributable risk percents (i.e., the percentage of inci-
dence of disease in exposed persons that is a result 
of the exposure), as well as 95% CIs around differ-
ences and ratios. We report observed frequencies but 
weighted proportions throughout. We extracted data 
using SAS version 9.4 (SAS Institute Inc., https://
www.sas.com) and performed analyses in R version 
4.4.0 or 4.4.1 (The R Project for Statistical Computing, 
https://www.r-project.org).

Results
A total of 24,503 LD diagnoses (24,197 unique per-
sons) met case-patient criteria during 2017–2021. The 
highest number of case-patients was 6,550 in 2017 
and the lowest was 3,668 in 2020 (Table 1). Nearly all 
(99.1%) case-patients had 5 matched control-patients.

Nonspecific Symptom Prevalence and Risk Ratios  
in the Postdiagnosis Year 
Approximately 46% of case-patients and 41% of con-
trol-patients had >1 diagnosis code for any nonspecific  
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symptoms related to pain, fatigue, or cognitive dif-
ficulties in the postdiagnosis year, representing an 
absolute difference of 5% (Figure 1). Upon calculat-
ing attributable risk percent, an estimated 11.0% of 
symptom codes among case-patients were a result 

of their LD diagnosis (Table 2). Pain was the most  
common symptom code category among both 
groups, followed by fatigue, then cognitive difficul-
ties. Although less common than pain, fatigue was 
the symptom code category with the highest relative 
risk for case-patients compared with control-patients 
in the postdiagnosis year (RR  =  1.67 [95% CI 1.61–
1.72]) (Table 2).

Changes in Relative Frequency of Nonspecific  
Symptoms during the Postdiagnosis Year 
The relative frequency of any symptom code among 
case-patients declined statistically during the year 
after LD diagnosis, becoming similar to control-pa-
tients by the end of the year (Figure 2). The average 
percent of excess symptom codes among case-pa-
tients compared with control-patients declined from 
2.5% in the 2nd month to 0.5% in the 6th month (dif-
ference = 2.1% [95% CI 1.5%–2.6%) and 1.0% in the 
12th month (difference = 1.6% [95% CI 1.0%–2.2%]) 
postdiagnosis (Table 3). Of the 3 symptom categories, 
pain declined most precipitously in relative frequen-
cy among case-patients, becoming similar to that of 
control-patients at ≈6 months (Figure 3, Table 3). 
Similarly, we observed fatigue symptom codes more 
often among case-patients than control-patients in 
the first 6 months postdiagnosis; however, relative 
frequency among case-patients stabilized and re-
mained slightly elevated (≈1.0%) over that reported 
for control-patients during the remaining 6 months 
of the postdiagnosis year. The relative frequency of 
codes for cognitive difficulties was extremely low 
(<0.1%) for both case-patients and control-patients 
and varied little in the postdiagnosis year.
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Figure 1. Weighted percentages 
of case-patients and control-
patients with nonspecific symptom 
codes from the International 
Classification of Diseases, 10th 
Revision, Clinical Modification, in 
the year postdiagnosis excluding 
wash-out period in study of 
nonspecific symptoms attributable 
to Lyme disease in high-incidence 
areas, United States. 

 
Table 1. Distribution of characteristics of among Lyme disease 
case-patients and matched control-patients in in study of 
nonspecific symptoms attributable to Lyme disease in high-
incidence areas, United States, 2017–2021* 

Characteristic 

No. (%) 
Case-patients, 

n = 24,503† 
Control-patients, 

n = 122,095 
Year   
 2017 6,550 (22.7) 32,632 (22.7) 
 2018 5,257 (23.2) 26,140 (23.1) 
 2019 5,303 (22.5) 26,472 (22.5) 
 2020 3,668 (17.5) 18,267 (17.5) 
 2021 3,725 (14.2) 18,584 (14.2) 
Age group, y   
 0–17 6,101 (23.7) 30,681 (23.8) 
 18–34 3,587 (22.5) 18,170 (22.8) 
 35–44 3,398 (15.0) 17,075 (15.1) 
 45–54 5,582 (18.9) 27,671 (18.8) 
 55–64 5,835 (19.9) 28,498 (19.5) 
Sex   
 F 11,088 (44.5) 55,316 (44.6) 
 M 13,415 (55.5) 66,779 (55.4) 
Season of onset   
 Winter, Dec–Feb 1,670 (6.9) 8,311 (6.9) 
 Spring, Mar–May 4,316 (17.4) 21,498 (17.4) 
 Summer, Jun–Aug 13,704 (56.1) 68,307 (56.1) 
 Fall, Sep–Nov 4,813 (19.6) 23,979 (19.6) 
Diagnosis encounter type   
 Outpatient 24,241 (98.9) 120,978 (99.1) 
 Inpatient 262 (1.1) 1,117 (0.9) 
*Case-patients and control-patients were matched on age group, sex, 
Lyme disease diagnosis or healthcare visit date, and inpatient vs. 
outpatient status. 
†Unweighted frequencies reflect distributions of variables in the sample; 
weighted percents reflect distributions of variables in MarketScan 
database. 
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Comparing Symptom Prevalence and Risk Ratios in 
the Prediagnosis Versus Postdiagnosis Year 
Approximately 33% of case-patients and 32% of control-
patients had >1 code for a nonspecific symptom in the 
same category in both the year before and year after di-
agnosis date. When we evaluated by specific symptom 
category, we found proportions of symptom codes in 
the prediagnosis year were similar for case-patients and 
control-patients for all conditions. When we compared 
the relative risk for symptom codes in the prediagnosis 
year to the relative risk for symptom codes in the post-
diagnosis year (Table 2), the relative risk for pain among 
case-patients was 1.07 times as high in the postdiagnosis 
year (95% CI 1.04–1.10), fatigue was 1.24 times as high 
(95% CI 1.17–1.30), and cognitive difficulties was 1.30 
times as high (95% CI 1.13–1.49).

Discussion
In this investigation of a large commercial insurance 
claims dataset, we observed that 5% more LD case-
patients had a code for a nonspecific symptom in the 
categories of pain, fatigue, or cognitive difficulties than 
did control-patients in the year after their diagnosis. 
The relative risk of experiencing nonspecific symp-
toms at any point in the postdiagnosis year was sta-
tistically higher for case-patients (Table 2) but varied 
substantially based on postdiagnosis month, symp-
tom category, and whether those symptom category 
codes also occurred in the year before LD diagnosis. 
The frequency of symptom codes among case-patients 
declined statistically over the 6 months after LD diag-
nosis and treatment (Table 3); codes for pain and cog-
nitive difficulties reached proportions that were not 
statistically different from those of control-patients by 
the end of the postdiagnosis year. Although the fre-
quency of fatigue codes also diminished significantly 
(Table 3; Figure 3) over time among case-patients, it 
was still slightly elevated (≈1%) compared to controls 
at 12 months postdiagnosis among LD case-patients. 
Our findings are consistent with several previous 
clinical studies (3,11,18) identifying similar persisting 
symptoms of unclear pathogenesis among a subset of 
persons who received diagnosis and treatment for LD.

Symptoms of pain, fatigue, and cognitive dif-
ficulties are common in the general population 
and have many causes. We observed a 5% excess 

of nonspecific symptom codes among case-patients 
amid an overall high background prevalence of 
those same codes. On that basis, we calculated 
that ≈11% of those nonspecific symptoms experi-
enced by case-patients were attributable to having 
had LD, meaning that 89% were likely from other 
causes. That situation might explain some of the 
difficulty in identifying effective treatments for 
PTLDS (24–27). In addition, >30% of both case-pa-
tients and control-patients had >1 of these symp-
tom category codes in the year before diagnosis. 
For case-patients, it is possible that some of those 
preexisting codes represented symptoms indicative 
of LD that were not recognized, diagnosed, or treat-
ed until a later clinical visit (our assigned diagnosis 
date). Studies have consistently reported on higher 
rates of prolonged symptoms among patients with 
disseminated manifestations or longer durations of 
disease before effective treatment (16,28–32). How-
ever, severe fatigue, cognitive impairment, or pain 
before diagnosis has also been shown to be a deter-
minant of persistent symptoms after LD diagnosis 
and treatment. In a previous study (33), the main 
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Figure 2. Weighted percentages of case-patients and control-
patients with any nonspecific symptom code from the International 
Classification of Diseases, 10th Revision, Clinical Modification, 
by month in the year prediagnosis and postdiagnosis, in study 
of nonspecific symptoms attributable to Lyme disease in high-
incidence areas, United States.

 
Table 2. Risk for nonspecific symptom codes among case-patients and control-patients in the prediagnosis and postdiagnosis years in 
study of nonspecific symptoms attributable to Lyme disease in high-incidence areas, United States, 2017–2021* 
Measure Any symptom Pain Fatigue Cognitive difficulties 
Risk ratio prediagnosis (95% CI)  1.05 (1.03–1.07) 1.03 (1.01–1.05) 1.35 (1.29–1.41) 0.91 (0.81–1.01) 
Risk ratio postdiagnosis (95% CI)  1.12 (1.11–1.14) 1.10 (1.08–1.12) 1.67 (1.61–1.72) 1.18 (1.08–1.28) 
Ratio of relative risks (95% CI) 1.07 (1.05–1.10) 1.07 (1.04–1.10) 1.24 (1.17–1.30) 1.30 (1.13–1.49) 
Attributable risk postdiagnosis, % 10.9 8.7 40.2 16.1 
*Symptom codes from the International Classification of Diseases, 10th Revision, Clinical Modification. 
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predictors of persistent symptoms were lower so-
cial and physical functioning, negative illness per-
ceptions, and anxiety and depression, factors that 
we could not assess in this claims-based study. It is 
also possible that these codes might have been as-
signed, both before and after the diagnosis date, for 
symptoms unrelated to a LD diagnosis.

The excess frequency of nonspecific symptom 
codes observed for case-patients is similar to that 
reported in 2021 in the largest prospective study 
of clinically confirmed LD patients published as 
of March 2025 (16), which reported a prevalence 
of persistent symptoms that was 3.9%–6.0% higher 
than that of controls over the postdiagnosis year. 
That study actively and systematically collected in-
formation on occurrence of all symptoms at regular 
intervals from all study participants and further 
identified participants who had symptoms that 
began within 6 months of a LD diagnosis and per-
sisted for >6 months. Although our study involved 
data collected for billing purposes and thus our 
methodology is notably different from theirs, we 
expect that both the persistent-symptoms group 
from Ursinus et al. (16) and the healthcare-seeking 
patients in our study represent persons with more 
severe or unusual symptoms. Ursinus et al. (16) also 
observed a higher proportion of patients with dis-
seminated LD (e.g., Lyme arthritis or cranial neu-
ritis) experienced persistent symptoms of fatigue 
and pain compared with those with early localized 

disease (i.e., erythema migrans rash); resolution 
of symptoms over time occurred primarily for the 
patient group having disseminated manifestations. 
Given the limitations of claims data analyses, we 
were not able to evaluate in our study the effects of 
specific LD manifestations.

The excess 5% of nonspecific symptoms ob-
served for case-patients in our study was somewhat 
lower than that reported in other recent evaluations 
of large health databases. Although we used meth-
odology similar to that of Moon et al. (21), those au-
thors found a 9% difference between case-patients 
and control-patients for symptoms occurring any-
time in the postdiagnosis year in an evaluation of 
electronic health records from a Pennsylvania health 
system. The diagnosis codes we used to identify non-
specific symptoms were converted from the ICD-9-
CM codes used in that previous study (21) to ICD-
10-CM, because ICD-9-CM codes were phased out 
and replaced by ICD-10-CM codes in 2015. Although 
it is possible that we missed some relevant codes in 
the conversion and thus did not include them in our 
study, our symptom code list was also somewhat 
broader; we included additional codes for specific 
joint and limb pain, consistent with other past clini-
cal studies of subjective symptoms after LD (31,34). 
Last, our estimate is much lower than the 35.3% dif-
ference in relative frequency of symptom codes oc-
curring over the postdiagnosis year between case-
patients and control-patients as reported previously 
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Table 3. Average percentage difference in relative frequency of nonspecific symptoms between Lyme disease case-patients and 
control-patients over the postdiagnosis year in study of nonspecific symptoms attributable to Lyme disease in high-incidence areas, 
United States, 2017–2021 

Symptom 
2 mo 

postdiagnosis 
6 mo 

postdiagnosis 
12 mo 

postdiagnosis 
% Difference (95% CI) 
between 2 and 12 mo 

% Difference (95% CI) 
between 6 and 12 mo 

Any symptom 2.5 0.5 1.0 1.6 (1.0–2.2) −0.5 (−1.0 to 0.06) 
Pain 1.2 0.0 0.4 0.8 (0.3–1.3) −0.4 (−1.0 to −0.1) 
Fatigue 2.3 0.8 0.9 1.4 (1.1–1.7) −0.1 (−0.4 to 0.2) 
Cognitive difficulties 0.3 0.0 0.1 0.2 (0.0–0.3) −0.06 (−0.2 to 0.1) 

 

Figure 3. Weighted percentages of case-patients and control-patients with codes from the International Classification of Diseases, 10th 
Revision, Clinical Modification, in each nonspecific-symptom category, by month in the year prediagnosis and postdiagnosis, in study of 
nonspecific symptoms attributable to Lyme disease in high-incidence areas, United States. A) Pain; B) fatigue; C) cognitive difficulties. 
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(20). The primary difference between that study and 
ours was that the previous study (20) included codes 
during the 1 month immediately after LD diagnosis, 
whereas we did not include codes during that pe-
riod because they would likely represent symptoms 
associated with acute LD.

The first limitation of this study is that we relied 
on observational claims data for information on pa-
tient care-seeking and were unable to verify those 
data by medical record review. We interpreted ICD-
10-CM codes as provider diagnoses, but such codes 
are assigned primarily for billing purposes and 
thus may not accurately reflect actual diagnosis or 
the reason for seeking care. In addition, ICD-10-CM 
codes are subject to varying provider coding practic-
es, leading to the potential for both overestimation 
and underestimation of the true prevalence of non-
specific symptoms among our study population and 
potential misclassification of LD case-patients and 
control-patients. Second, we were unable to assess 
symptom severity. Clinical studies have found that 
greater symptom severity at time of LD treatment 
increases risk of experiencing prolonged symptoms 
(8,35). Although information on severity is not avail-
able in claims data, we might expect that most of 
the codes recorded in claims were the result of com-
plaints that warranted care-seeking and were not 
those experienced more regularly by a substantial 
portion of the population (36). Nevertheless, ability 
to assess symptom severity would have lent addi-
tional confidence to the identification of potential 
PTLDS symptoms and provided the opportunity to 
evaluate qualitative improvement of symptoms over 
time. Third, we did not evaluate LD case-patients for 
potential co-infections or underlying conditions that 
could have caused prolonged symptoms, leading 
to possible overestimation of LD-associated symp-
toms among case-patients. However, in a sensitiv-
ity analysis in which we removed case-patients with 
diagnosis codes for pain, fatigue, or cognitive diffi-
culties in the year before diagnosis to control for pre-
existing conditions, we found minimal changes to 
observed symptom trends (Appendix Figures 1, 2). 
Fourth, we conducted this analysis among residents 
of high-incidence states, where healthcare provid-
ers are more experienced with diagnosing LD. The 
relative frequency of symptoms after LD diagnoses 
in emerging or low-incidence areas might be differ-
ent because of variation in ascertainment or coding 
practices. Fifth, although a very large convenience 
sample, MarketScan lacks data on persons who are 
uninsured, >65 years of age, or military personnel, 
and it is not nationally or otherwise representative. 

Last, the observed decrease in LD case-patients dur-
ing the study period coincides with an overall de-
crease in MarketScan enrollees during that time be-
cause of changing data contributors. On the basis of 
past evaluations of LD diagnoses in MarketScan (37) 
and our use of weighting, we do not expect that the 
decrease affected our results.

Certain biases may have also affected our study 
results. Misinformation, coupled with limited di-
agnostic testing, has contributed to confusion and 
controversy about LD (38,39). It is possible that ob-
served patterns were influenced by patient or health-
care provider beliefs about the disease. For example, 
some patients with a recent LD diagnosis might ex-
pect to have long-term, nonspecific symptoms and 
would therefore be more likely to report or seek 
healthcare for those symptoms. Similarly, healthcare 
providers might be more likely to ask about or re-
cord symptoms for patients having had LD (40,41). 
A second potential bias is our selection of controls 
from among a care-seeking population that could 
potentially overrepresent generally sicker persons 
(21,42). If that is the case for those claims data, we 
might have overestimated the baseline frequency of 
pain, fatigue, and cognitive difficulties and underes-
timated the proportion of symptoms attributable to 
LD diagnoses.

Ultimately, this analysis of a large commercial 
claims dataset supports observations made in past 
clinical and epidemiologic studies that a minority of 
patients with LD diagnosis will experience symp-
toms of pain, fatigue, or cognitive difficulties for 
months beyond the acute illness period. Although it 
appears that most of those symptoms will improve 
or resolve in the 6 months after diagnosis, a small-
er subset of patients might continue to experience 
persistent symptoms that affect their daily quality 
of life. More studies are needed to understand the 
underlying factors associated with occurrence and 
persistence of such symptoms to inform appropri-
ate treatment and care. Until more is known, guid-
ance on caring for patients with clinically similar in-
fection-associated chronic conditions and illnesses, 
such as long COVID, will be useful.
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Coccidioidomycosis is a fungal infection that often 
presents as acute pulmonary infection; symptoms 

include cough, fatigue, dyspnea, and fever (1–3). A 
small percentage of those affected experience chronic 
pulmonary or disseminated disease (4).

Although coccidioidomycosis symptoms are often 
self-limited, some might persist for months or years 
(5). In previous studies, patients have self-reported me-
dian symptom duration of 60–120 days (1,2). Fatigue 
can be particularly long-lasting and can persist after all 
other evidence of the infection has resolved (3,4,6,7). 

Prolonged symptoms of coccidioidomycosis can cause 
substantial negative effects; evidence suggests that 
nearly three-quarters of patients are limited in their 
ability to perform usual daily activities for a median of 
40–47 days during their illness (1,2).

Although chronic fatigue is increasingly recog-
nized as a characteristic feature of coccidioidomyco-
sis (6), data on the persistence of other symptoms are 
limited. Such information could help inform clinical 
management and refine estimates of the health and 
economic burden of coccidioidomycosis. We describe 
the prevalence and persistence of symptoms among 
patients with coccidioidomycosis by using a large US 
health insurance claims database.

Methods
We used the Merative MarketScan Commercial/
Medicare Database (https://www.merative.com/
documents/brief/marketscan-explainer-general), 
which includes health insurance claims data for >48 
million patients with employer-sponsored plans, in-
cluding Medicare Supplemental and Medicare Ad-
vantage plans, throughout the United States during 
July 31, 2017–January 31, 2023. We identified patients 
with coccidioidomycosis diagnoses using Interna-
tional Classification of Diseases, 10th Revision, Clini-
cal Modification (ICD-10-CM) codes (Appendix Table 
1, https://wwwnc.cdc.gov/EID/article/31/14/25-
0022-App1.pdf). Included patients had continuous 
insurance enrollment in the 180 days before and 
365 days after the date the coccidioidomycosis di-
agnosis code was first used (index date) during the 
study window. We excluded patients for whom the 
coccidioidomycosis diagnosis code was listed on a 
laboratory or imaging claim alone, to minimize diag-
noses recorded because the healthcare provider was  
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United States, 2017–2023
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Some patients with coccidioidomycosis experience pro-
longed respiratory and systemic symptoms. However, 
data on prevalence and persistence of most symptoms 
are lacking. Using an insurance claims database, we 
identified patients with coccidioidomycosis diagnoses in 
the United States during 2017–2023. We assessed prev-
alence of associated symptoms from 6 months before to 
1 year after first diagnosis code (index date) and com-
pared post–index date prevalence to baseline (within 6 
to 4 months before index date). Among 2,640 patients, 
cough (20.8%), dyspnea (13.0%), and fatigue (8.8%) 
were the most common symptoms at index date. Dys-
pnea and erythema nodosum were elevated 3–6 months 
post–index date (p<0.03), and fatigue, headache, joint 
pain, and weakness were elevated 9–12 months post–
index date compared with baseline (p<0.05).These 
findings demonstrate that symptoms can persist in coc-
cidioidomycosis patients, which could help inform clini-
cal management and refine estimates of the health and 
economic burden of coccidioidomycosis.
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attempting to rule out coccidioidomycosis. To capture 
incident diagnoses, we excluded patients with a coc-
cidioidomycosis diagnosis code within the 6 months 
before the index date.

We assessed the prevalence of symptoms asso-
ciated with coccidioidomycosis, which include ab-
normal weight loss, chest pain, chills without fever, 
cough, erythema nodosum or multiforme, fatigue or 
malaise, fever, generalized hyperhidrosis, headache, 
myalgia, joint pain, dyspnea, and weakness (4,8). We 
also examined the prevalence of a subset of symp-
toms and conditions associated with other infection-
associated chronic illnesses and conditions (IACCIs): 
depression, dizziness, general paresis, generalized 
anxiety disorder, hypoactive sexual desire, insomnia, 
irritable bowel syndrome, palpitations, sleep apnea, 
and tinnitus (https://www.cdc.gov/chronic-symp-
toms-following-infections/about/index.html). We 
assessed the period prevalence of each symptom and 
condition (for brevity, hereafter referred to as symp-
toms) during nonoverlapping 30-day periods, from 6 
months before to 1 year after index date.

To evaluate the persistence of symptoms, we 
next used log-binomial regression to compare the 
prevalence of each symptom within a baseline pe-
riod before coccidioidomycosis illness (180–121 days 
before the index date) with the prevalence of symp-
toms within 4 consecutive 3-month follow-up peri-
ods after the index date: 0–89 days (0–3 months), 90–
179 days (3–6 months), 180–269 days (6–9 months), 
and 270–365 days (9–12 months). We selected the 
baseline period on the basis of previous data indi-
cating that in >90% of patients with coccidioidomy-
cosis, the disease is diagnosed within 120–180 days 
of illness onset (9,10).

Finally, we assessed potential factors associated 
with symptom trends in patients with coccidioido-
mycosis: presence of underlying medical conditions 
(asthma or chronic obstructive pulmonary disease, di-
abetes, or immunosuppression), sex, age group (<18, 
18–44, 45–64, or >65 years of age), receipt of flucon-
azole (>30-day supply, representing a clinically sig-
nificant duration), and coccidioidomycosis diagnosis 
type (pulmonary, extrapulmonary, other, or unspeci-
fied). We used log-binomial regression to compare 
symptom prevalence across the levels of each factor 
(e.g., comparing patients with underlying conditions 
to patients without) within baseline and the 4 follow-
up periods as described. We calculated p values by 
using the Wald test. We conducted analyses using the 
Merative MarketScan Treatment Pathways analysis 
tool (Merative) and R version 4.4.0 (The R Project for 
Statistical Computing, https://www.r-project.org). 

This activity was reviewed by the Centers for 
Disease Control and Prevention (CDC) and was con-
ducted consistent with applicable federal law and 
CDC policy (e.g., 45 C.F.R. part 46.102(l)(2), 21 C.F.R. 
part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. 
§3501 et seq.). Because MarketScan data are fully dei-
dentified, this analysis was not subject to review by 
the CDC institutional review board.

Results
Among 6,062 patients with coccidioidomycosis dur-
ing the study window, we identified 3,113 (51%) who 
met the continuous insurance enrollment criteria. We 
excluded 474 (15%) persons who had a previous coc-
cidioidomycosis diagnosis in the 6 months before the 
index date, leaving 2,640 coccidioidomycosis patients 
in the analytic cohort (Table 1). Among all patients, 
52% were male and 48% were female, most were be-
tween the ages of 18–44 (30%) or 45–64 (50%), and 
most lived in the West (78%) and in nonrural areas 
 
Table 1. Demographic characteristics, underlying conditions, and 
coccidioidomycosis type among 2,640 commercially insured 
patients with coccidioidomycosis, United States, July 2017‒
January 2023* 
Characteristic No. (%) 
Sex 

 

 M 1,363 (52) 
 F 1,277 (48) 
Median age, y (IQR) 51.0 (39.0–60.0) 
Age group, y 

 

 <18 123 (5) 
 18‒44 803 (30) 
 45‒64 1,326 (50) 
 >65 388 (15) 
US Census region of primary beneficiary's 
residence† 

 

 Northeast 80 (3) 
 Midwest 219 (8) 
 South 266 (10) 
 West 2,047 (78) 
Rural status‡ 

 

 Rural 123 (5) 
 Nonrural 2,304 (95) 
Underlying conditions 898 (66) 
 Asthma or COPD 633 (24) 
 Diabetes 426 (18) 
 Hypertension 850 (35) 
 Immunosuppression§ 971 (40) 
Coccidioidomycosis type on index date 

 

 Pulmonary 1,336 (51) 
 Cutaneous 52 (2) 
 Disseminated 118 (4) 
 Other or unspecified 1,277 (48) 
*Values are no. (%) except as indicated. COPD, chronic obstructive 
pulmonary disease; IQR, interquartile range.  
†Regions were derived from US Census regions  
(https://www2.census.gov/geo/pdfs/maps-
data/maps/reference/us_regdiv.pdf). 
‡Rural versus nonrural status were based on US Census metropolitan 
statistical area designation. 
§Immunosuppression related to autoimmune disease, cancer, HIV, solid 
organ transplant, immunosuppressive medication, or a combination of 
those factors. 
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(95%). Approximately 66% had documented underly-
ing conditions. Pulmonary coccidioidomycosis (51%) 
and other or unspecified coccidioidomycosis (48%) 
were the most common coccidioidomycosis diagno-
ses on the index date.

Period Prevalence of Symptoms
Among patients in the cohort, most symptoms in-
creased in the months preceding the index date and 
peaked during the index period (0–29 days after in-
dex date) (Figure 1). During the index period, cough 
(20.8%), dyspnea (13.0%), and fatigue (8.8%) were 
the most prevalent coccidioidomycosis-associated 
symptoms. Most IACCI-associated symptoms also 
increased in the months preceding the index date and 
peaked during the index period, although anxiety 
continued to increase after the index date (Figure 2; 
Appendix Tables 2, 3). Sleep apnea was the most com-
mon IACCI-associated symptom at index date (8%).

The period prevalence of almost every symptom 
was higher at 0–3 months after the index date than at 
baseline (Table 2). Most symptoms then declined in 
the following periods (Figures 1, 2), although many 

remained elevated compared with baseline levels. 
Dyspnea and erythema nodosum or multiforme re-
mained elevated 3–6 months after index date (p<0.03) 
(Table 2). Fatigue, joint pain, and weakness were el-
evated in all follow-up periods and remained higher 
9–12 months after the index date than at baseline 
(p<0.05). Headache was also higher at 0–3 months 
and 9–12 months after index date than at baseline 
(p<0.03). The prevalence of most IACCI-related 
symptoms was similar to baseline by 3–6 months af-
ter index date, but dizziness was marginally higher 
among patients 9–12 months post–index date com-
pared with baseline (p<0.10). Anxiety prevalence 
was not significantly different from baseline at 0–3 
months post–index date but was marginally elevated 
6–9 months and 9–12 months post–index date com-
pared with baseline (p<0.08).

Factors Associated with Period Prevalence of Symptoms
Patients with underlying conditions had higher prev-
alence of symptoms during baseline and across each 
follow-up period compared with patients without 
underlying conditions (Appendix Table 2, Figures 1, 

Figure 1. Period prevalence of selected coccidioidomycosis symptoms among commercially insured patients with coccidioidomycosis, 
United States, July 2017‒January 2023. Prevalence is shown for chest pain (A), chills (B), cough (C), dyspnea (D), erythema nodosum 
or multiforme (E), fatigue (F), fever (G), headache (H), hyperhidrosis (I), joint pain (J), weakness (K), and weight loss (L). The index 
period (0–29 days after index date) is shown with a dotted line. Data for myalgia are not shown because period prevalence was <1%. 
X-axis labels represent the beginning of 1-month follow-up periods relative to the index date (e.g., –6 refers to the period of 6–5 months 
before the index date). 
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2). Women had higher prevalence of several symp-
toms (e.g., joint pain and myalgia) than men at base-
line and throughout most follow-up periods. Preva-
lence of erythema nodosum or multiforme, fatigue, 
and anxiety were similar among women and men at 
baseline but were higher among women in the peri-
ods after index date (Appendix Table 3, Figures 3, 4).

Compared with patients in other age groups, pa-
tients >65 years of age had higher prevalence of many 
symptoms, including weakness, dyspnea, and joint 
pain, at baseline and during most follow-up periods 
but had lower prevalence of fever and erythema no-
dosum or multiforme 0–3 months after index date 
(Appendix Table 4, Figure 5, 6). Compared with pa-
tients who did not receive fluconazole, patients who 
received fluconazole generally had similar prevalence 
of symptoms, such as chest pain, dyspnea, fatigue, 
and fever, at baseline but had higher prevalence dur-
ing follow-up periods (Appendix Table 5, Figures 7, 
8). Approximately 4% of patients who did not receive 
fluconazole received a >30-day supply of another 
azole medication (data not shown). Compared with 

patients with pulmonary or other or unspecified coc-
cidioidomycosis types, patients with extrapulmonary 
disease had lower prevalence of respiratory symp-
toms (e.g., cough and dyspnea) and higher preva-
lence of headache 0–3 months after index date and 
higher prevalence of weakness, weight loss, fever, 
and tinnitus 9–12 months after index date (Appendix 
Table 6, Figures 9, 10).

Discussion
In this claims-based analysis of patients with com-
mercial health insurance or Medicare, the period 
prevalence of several coccidioidomycosis-associated 
symptoms, such as fatigue, joint pain, and weakness, 
remained significantly elevated for up to 12 months 
after coccidioidomycosis index date compared with 
baseline. Most IACCI symptoms were less persis-
tent in patients with coccidioidomycosis, although  
dizziness and anxiety were marginally elevated at 
9–12 months post–index date compared with base-
line, and anxiety appeared to increase over time. In 
addition, the actual duration of many symptoms is 

Figure 2. Period prevalence of selected symptoms from infection-associated chronic conditions and illnesses among commercially 
insured patients with coccidioidomycosis, United States, July 2017‒January 2023. Prevalence is shown for anxiety (A), depression 
(B), dizziness (C), insomnia (D), irritable bowel syndrome (E), palpitations (F), sleep apnea (G), and tinnitus (H). The index period 
(0–29 days after index date) is shown with a dotted line. Anger, hypoactive sexual desire disorder, and paresis are not shown because 
prevalence was <0.1% in all periods. X-axis labels represent the beginning of 1-month follow-up periods relative to the index date (e.g., 
–6 refers to the period of 6–5 months before the index date).
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likely longer than estimated in our study, because 
most patients experience substantial delays between 
symptom onset and coccidioidomycosis index date 
(1,10). Our findings corroborate previous data about 
long-term persistence of symptoms, such as fatigue 
(6), and suggest that the spectrum of long-term symp-
toms in patients with coccidioidomycosis might be 
broader and more persistent for some patients than 
previously recognized (11,12). Coccidioidomycosis 
symptoms can be debilitating and can result in lost 
work and school attendance (1,6,7), making clinical 
and public health efforts to better characterize and 
address those symptoms a priority.

Period prevalence of most symptoms was higher 
in patients with underlying conditions during base-
line and most follow-up periods, likely reflecting 
higher baseline rates of some symptoms and higher 
rates of severe coccidioidomycosis in this patient 
population (4). Similarly, higher prevalence of symp-
toms in older patients might reflect differences in 
baseline health status and the possibility of more se-
vere infections because of higher rates of underlying  

conditions (13). Although male sex is considered a 
risk factor for susceptibility to Coccidioides infection 
and severe disease (14,15), we found higher preva-
lence of several symptoms in women. Higher baseline 
prevalence of symptoms in women might be attribut-
able to differences in healthcare use or self-reporting 
of symptoms (16,17), whereas higher post–index date 
prevalence of erythema nodosum or multiforme and 
fatigue in women could also reflect sex-related differ-
ences in the immune response to infection (18). Pa-
tients who received fluconazole generally had higher 
post–index date prevalence of many symptoms than 
patients who did not receive fluconazole, as has been 
observed previously (3). That finding likely reflects 
increased severity of illness in patients who are pre-
scribed antifungal medications for coccidioidomyco-
sis or fluconazole-related side effects (5,19).

Although the physiologic underpinnings of 
chronic coccidioidomycosis-related fatigue are not 
well understood, some studies have pointed to 
the possible role of diminished aerobic capacity or 
postinfectious mitochondrial dysfunction (20,21).  

 
Table 2. Prevalence ratios of symptoms among commercially insured patients with coccidioidomycosis during 4 follow-up periods after 
index date compared with baseline, United States, July 2017‒January 2023* 

Characteristic 

0–3 months 

 

3–6 months 

 

6–9 months 

 

9–12 months 

PR (95% CI) 
p 

value PR (95% CI) 
p 

value PR (95% CI) 
p 

value PR (95% CI) 
p  

value 
Coccidioidomycosis-associated symptoms 

  
 

  
 

  

 Abnormal  
 weight loss 

3.64 (2.08–6.82) <0.001  1.29 (0.64–2.63) 0.5  1.21 (0.60– 2.50) 0.6  1.29 (0.64– 2.63) 0.5 

 Chest pain 2.10 (1.71–2.60) <0.001  0.92 (0.71–1.18) 0.5  0.69 (0.53– 0.91) 0.009  0.83 (0.64– 1.07) 0.15 
 Cough 2.83 (2.48–3.24) <0.001  1.16 (0.99–1.37) 0.063  0.89 (0.75–1.06) 0.2  0.92 (0.77–1.09) 0.3 
 Dyspnea 3.05 (2.56–3.67) <0.001  1.29 (1.05–1.59) 0.018  1.10 (0.89–1.37) 0.4  0.90 (0.72–1.14) 0.4 
 Erythema  
 nodosum or  
 multiforme 

28.6 (6.97–117) <0.001  5.50 (1.48–35.5) 0.026  2.50 (0.54–17.4) 0.3  1.50 (0.25–11.4) 0.7 

 Fatigue or  
 malaise 

2.48 (2.06–3.00) <0.001  1.31 (1.06–1.62) 0.012  1.33 (1.08–1.65) 0.008  1.29 (1.04–1.60) 0.019 

 Fever 3.28 (2.56–4.24) <0.001  0.88 (0.64–1.22) 0.4  0.67 (0.47–0.95) 0.026  0.76 (0.54– 1.07) 0.12 
 Generalized  
 hyperhidrosis 

4.43 (2.07–10.9) <0.001  1.57 (0.62– 4.26) 0.3  1.00 (0.34– 2.92) >0.9  1.00 (0.34– 2.92) >0.9 

 Headache 2.55 (1.58–4.24) <0.001  1.50 (0.88– 2.60) 0.14  1.14 (0.64– 2.03) 0.7  1.82 (1.09– 3.10) 0.024 
 Myalgia 2.42 (1.27–4.91) 0.010  1.25 (0.59– 2.72) 0.6  1.00 (0.45– 2.25) >0.9  0.50 (0.17– 1.29) 0.2 
 Pain in joint 1.28 (1.10–1.50) 0.001  1.19 (1.02– 1.40) 0.027  1.17 (1.00– 1.37) 0.050  1.25 (1.07– 1.46) 0.005 
 Weakness 2.53 (1.85–3.51) <0.001  1.49 (1.05– 2.13) 0.026  1.71 (1.22– 2.42) 0.002  1.86 (1.34– 2.62) <0.001 
IACCI symptoms  

 
  

  
 

  

 Depression 1.59 (1.22–2.07) <0.001  1.17 (0.89–1.56) 0.3  1.18 (0.90–1.57) 0.2  1.15 (0.87–1.53) 0.3 
 Dizziness 1.73 (1.23–2.47) 0.002  1.10 (0.75–1.62) 0.6  0.96 (0.64–1.43) 0.8  1.37 (0.95–1.98) 0.092 
 Generalized  
 anxiety  
 disorder 

1.26 (0.93–1.74) 0.14  1.18 (0.86–1.62) 0.3  1.32 (0.97–1.81) 0.077  1.32 (0.97–1.81) 0.077 

 Insomnia 1.60 (1.12–2.30) 0.011  1.13 (0.76–1.67) 0.5  0.98 (0.65–1.47) >0.9  0.98 (0.65–1.47) >0.9 
 Irritable bowel  
 syndrome 

1.23 (0.77–1.98) 0.4  0.61 (0.34–1.07) 0.091  0.74 (0.43–1.26) 0.3  0.52 (0.28–0.93) 0.031 

 Palpitations 1.47 (1.02–2.13) 0.040  0.96 (0.64–1.44) 0.8  0.91 (0.61–1.38) 0.7  0.89 (0.59–1.35) 0.6 
 Sleep apnea 1.47 (1.23–1.77) <0.001  1.13 (0.93–1.38) 0.2  1.14 (0.94–1.38) 0.2  1.14 (0.94–1.38) 0.2 
 Tinnitus 2.56 (1.23–5.82) 0.017  1.33 (0.57–3.26) 0.5  1.33 (0.57–3.26) 0.5  0.89 (0.33–2.32) 0.8 
*Baseline was 180–121 days before the index date. The 3-month follow-up periods were nonoverlapping periods after the index date: 0–89 days (0–3 
months), 90–179 days (3–6 months), 180–269 days (6–9 months), and 270–365 days (9–12 months). Because of insufficient cell size, prevalence ratios 
were not calculated for chills, intracranial abscess, meningitis, irritability or anger, general paresis, or hypoactive sexual desire disorder. IACCI, infection-
associated chronic conditions and illnesses; PR, prevalence ratio. 
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Deconditioning could also play a role in chronic fa-
tigue, and referral to physical therapists might be nec-
essary (21). Some symptoms, such as persistent joint 
pain, might be related to patients’ immune response 
to infection, rather than the infection itself (22).

The mechanisms that might explain the marginal 
post–index date increases in anxiety that we observed 
are unclear; few studies have investigated the psy-
chological effects of coccidioidomycosis (11,12). Data 
from patients with IACCIs point toward illness-relat-
ed physical and psychological stress, social and eco-
nomic effects, or immune response dysregulation as 
possible drivers for postinfection anxiety, which can 
persist or emerge months after infection (23). Further 
clinical investigations could shed light on the preva-
lence, persistence, and causes of anxiety or other psy-
chological symptoms in patients with coccidioidomy-
cosis. Future work could also address the effects of 
persistent coccidioidomycosis symptoms on patient 
quality of life (24).

The first limitation of this study was our reliance 
on ICD-10-CM codes, which are inherently subject 
to misclassification and undercoding. Patients were 
not actively followed, and we relied on diagnosis 
codes to assess the presence of symptoms during 
visits; however, providers might not code all associ-
ated symptoms during coccidioidomycosis-related 
visits (25). Thus, our symptom prevalence estimates 
likely underestimate the true prevalence in patients 
with coccidioidomycosis. Absolute symptom preva-
lence was substantially higher in a prospective study 
of 36 patients with pulmonary coccidioidomycosis 
in which symptom presence was directly evaluated 
every 4 weeks for 24 weeks (3). However, the rela-
tive trends appeared similar to those observed in our 
study, which lend credence to our results. Admin-
istrative datasets also offer unique opportunities to 
study large patient populations, which are difficult 
to achieve with other sources of fungal disease data, 
and several studies have similarly assessed coccidioi-
domycosis symptoms using ICD-10-CM codes (8,9). 
Additional large-scale studies with direct patient 
follow-up or medical chart review could validate our 
findings by directly measuring symptom prevalence 
and persistence over longer periods. Second, some 
symptoms coded in claims data could also have been 
unrelated to coccidioidomycosis. The substantial in-
crease in symptoms in the months around the index 
date suggests the observed trends were largely re-
lated to coccidioidomycosis, but follow-up case–con-
trol studies could help corroborate those findings by 
comparing symptom trends between patient popula-
tions with and without coccidioidomycosis. Third, 

only patients with commercial health insurance were 
included in our analysis, meaning our results might 
not represent the illness experience of those with 
other insurance types or without health insurance. 
Fourth, we also lacked data on socioeconomic status 
and race/ethnicity, which limited our ability to assess 
potential social determinants of health in symptom 
prevalence and trends. Finally, the high proportion 
of patients with unspecified coccidioidomycosis ICD-
10-CM codes limited our ability to directly compare 
symptom trends in patients with pulmonary disease 
with those of patients with extrapulmonary disease.

In conclusion, our findings provide evidence 
about the long-term duration of selected symptoms 
in patients with coccidioidomycosis, which could 
help clinicians manage patient symptoms long after 
initial diagnosis and provide information to counsel 
patients during follow-up evaluation. In addition, 
these findings can help inform estimates of the over-
all health and economic burden of coccidioidomyco-
sis to inform related public health interventions and 
provide additional rationale for ongoing efforts to de-
velop a vaccine against coccidioidomycosis.
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Infection-Associated Chronic Conditions and Illnesses 



Infection with the parasite Giardia duodenalis, known 
as giardiasis, is reported throughout the world, in-

cluding in the United States (https://www.cdc.gov/
giardia). G. duodenalis infection is endemic in many 
regions, and prevalence estimates range from 3%–
10% in high-income countries to 20%–35% in low-
income countries (1,2). In the United States, G. duode-
nalis is the most common intestinal parasitic infection 
among humans (3). The pathogen is transmissible 
through multiple pathways, including contaminated 
water or through the fecal–oral route. Infections are 
associated with poor sanitation, human-to-human or 
animal-to-human spread, and exposure to untreat-
ed or inadequately treated fresh water by drinking 
or swimming (2). Acute giardiasis symptoms vary 

across world regions and include severe, prolonged 
diarrhea, mild or intermittent gastrointestinal illness, 
and extraintestinal manifestations, whereas some in-
fections can be asymptomatic (2). Asymptomatic in-
fections in children of endemic areas can be a major 
contributor to complications later in life (4,5). Most 
G. duodenalis infections are self-limiting, but some 
symptomatic and asymptomatic persons experience 
infection-associated chronic conditions and illnesses 
(IACCIs). IACCIs can affect multiple body systems 
and persist for months or years, resulting in a disease 
burden that greatly reduces daily functioning and 
quality of life (2,6,7).

Some IACCIs, such as functional gastrointesti-
nal disorders (FGIDs) and myalgic encephalomyelitis 
or chronic fatigue syndrome, may be reported after 
infections including, but not limited to, COVID-19, 
Lyme disease, campylobacteriosis, and giardiasis (7) 
(https://www.cdc.gov/chronic-symptoms-following- 
infections). Data collection for IACCIs remains challeng-
ing, given the multiple pathophysiologic mechanisms, 
varied symptomatology, and wide-ranging period of 
syndrome onset and duration. Therefore, prevalence 
and risk factors for the conditions are not fully under-
stood (7). Giardiasis increases intestinal epithelial per-
meability, resulting in malabsorption and mucus deple-
tion, and may induce intestinal dysbiosis. This intestinal 
barrier disruption is believed to be associated with some 
IACCIs (2,8). Early diagnosis could mitigate the most 
severe disability symptoms and optimize outcomes 
among patients (7,9).

We have synthesized what is known about the 
clinical manifestations of IACCIs after giardiasis. 
We focused on IACCIs most often reported in the lit-
erature, including FGIDs, musculoskeletal and neu-
romuscular syndromes, and pediatric implications 
such as stunting and cognitive impairment (Figure). 
We then identified knowledge gaps in the epidemi-
ology of IACCIs after giardiasis in the United States, 

Postinfectious Syndromes  
and Long-Term Sequelae  
after Giardia Infections

Shanna Miko, Pallavi A. Kache, Erin Imada, Amy L. Freeland, Julia C. Haston

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 31, No. 14, Supplement to December 2025	 S45

Author affiliation: Centers for Disease Control and Prevention, 
Atlanta, Georgia, USA

DOI: https://doi.org/10.3201/eid3114.241793

Giardiasis, caused by the parasite Giardia duodenalis, 
is a common infection throughout the world. Acute infec-
tions can be asymptomatic, cause mild gastrointestinal 
symptoms, or be associated with severe, prolonged di-
arrhea. Most Giardia infections are self-limiting; how-
ever, a subset of symptomatic and asymptomatic per-
sons experience infection-associated chronic conditions 
that can affect multiple body systems. Those conditions 
include stunting and impaired cognitive function in chil-
dren, irritable bowel syndrome, chronic fatigue, arthritis, 
and fibromyalgia, all of which can persist for months or 
years. Such conditions can impair daily functioning and 
quality of life; however, research has yet to fully eluci-
date underlying mechanisms, describe the prevalence, 
identify persons at increased risk, and develop effective 
treatment strategies. We synthesized what is known 
about giardiasis-associated chronic conditions and ill-
nesses to improve recognition of those complications 
and ensure appropriate management that can improve 
the well-being of persons affected.



Infection-Associated Chronic Conditions and Illnesses 

including the defining of high-risk populations. We 
explored potential approaches to expand our un-
derstanding of these IACCIs through routine analy-
ses of national hospitalization databases, insurance 
claims databases, and active surveillance programs. 
Our discussion aims to support public health ef-
forts around IACCIs after giardiasis and contribute 
to an increased understanding of these conditions 
more broadly. Increasing healthcare provider (HCP) 
awareness around IACCIs is essential in providing 

timely and targeted treatment and improving pa-
tient outcomes.

Approach to Summarizing the Literature
We reviewed Ovid and Scopus databases in May 2024 
to identify studies in English without date restric-
tions. We used Medical Subject Headings terms alone 
or in combination to capture complications of giar-
diasis infections in humans, including persistent and 
chronic infections, chronic symptoms, postinfectious  
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Figure. Clinical manifestations of infection-associated chronic conditions and illnesses most often reported after giardiasis. A) 
Postinfectious irritable bowel syndrome, postinfectious functional dyspepsia, gastresophageal reflux, bloating, and nausea. B) Cognitive 
impairment, failure to thrive, and stunting. C) Myocarditis. D) Treatment-refractory giardiasis. E) Arthridites. F) Fibromyalgia, and myalgic 
encephalomyelitits/chronic fatigue syndrome.
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syndromes, and long-term sequelae. We included 
articles if the research or report involved human 
subjects, were published in peer-reviewed journals, 
had a full text or abstract in English, and included 
evidence of postgiardiasis chronic sequelae. We ex-
cluded articles if they were written without original 
peer-reviewed data, written in languages other than 
English, or involved animal models. We identified 
duplicates by using the Endnote (https://web.end-
note.com) automated “find duplicates” function, set 
preferences to match on title, author, and year, and 
removed duplicates from the Endnote library. Of the 
3,135 initial records, we removed 1,542 (49%) dupli-
cate results, 842 (27%) publications that excluded 
postgiardiasis chronic sequelae, 375 (12%) studies not 
written in English, and 194 (6%) animal model stud-
ies, leaving 182 publications. Although the quality of 
data among the articles varied, we attempted to in-
clude publications about all proposed IACCIs to de-
scribe the breadth of IACCIs that may be associated 
with giardiasis. We also summarized studies and re-
views identified in the search but not included in this 
article (Appendix, https://wwwnc.cdc.gov/EID/
article/31/14/24-1793-App1.pdf).

Postinfectious FGIDs
Chronic gastrointestinal symptoms associated with 
giardiasis are most often described in the literature. 
Postinfectious FGIDs (PI-FGIDs) involve recurring 
or chronic gastrointestinal symptoms without other 
known disease processes. They are frequently clas-
sified by using Rome criteria for FGIDs, which do 
not necessarily occur after infections (10,11). The 
Rome IV criteria consists of 33 adult and 20 pediatric 
FGIDs, defined on the basis of the type, duration, and 
frequency of gastrointestinal symptoms (https://
theromefoundation.org/rome-iv/rome-iv-criteria). 
Two frequently diagnosed giardiasis-associated PI-
FGIDs are postinfectious irritable bowel syndrome, 
often clinically indistinguishable from irritable bowel 
syndrome (IBS) not associated with infection, and 
postinfectious functional dyspepsia (10).

Postinfectious IBS
Postinfectious IBS (PI-IBS) symptoms commonly in-
clude diarrhea or diarrhea alternating with constipa-
tion, bloating, and recurring abdominal discomfort 
for >6 months (8,11,12). Reports highlight bloating, 
diarrhea, nausea, and abdominal pain as the most 
severe symptoms (11,13). In a study of 82 persons 
with giardiasis-associated PI-FGIDs (81% of whom 
had PI-IBS), symptom exacerbation was related to 
specific foods (58% of cases) and physical or mental 

stress (45% of cases) (11). The foods associated with 
the most complications included dairy products, veg-
etables, fruit, alcohol, and foods from fermentable oli-
gosaccharides, disaccharides, and monosaccharides 
and polyols subgroup polyols (i.e., sugar alcohols) 
(14). Other PI-IBS symptoms included gastric hyper-
sensitivity, decreased drinking capacity, and reduced 
gastric emptying (15). Regardless of symptoms, many 
persons with giardiasis-associated PI-IBS reported a 
negative effect on their quality of life associated with 
the IBS and fatigue symptoms (6).

Robust evidence supporting the relationship be-
tween giardiasis and PI-IBS comes from studies re-
garding 2 separate drinking water contamination 
events in northern Europe. The research demonstrat-
ed an increased risk for IBS symptoms after giardiasis 
or cryptosporidiosis, on the basis of Rome criteria, at 
3 (adjusted risk ratio [aRR] 3.4; 95% CI 2.9–3.8) (16), 
6 (aRR 3.4; 95% C: 2.9–3.9) (17), and 10-year intervals 
postinfection (adjusted odds ratio 4.7; 95% CI 3.6–6.2) 
(18). Follow-up studies noted a small but significant 
decrease in the prevalence of PI-IBS from 3 to 6 years 
but no change from 6 to 10 years, indicating that 
symptoms may improve for some patients but can 
have long-lasting effects for others (17,18). Another 
drinking water contamination event further demon-
strated this association; persons who were affected 
by giardiasis, campylobacteriosis, or norovirus had a 
nearly 3-fold (odds ratio [OR] 2.6; 95% CI 1.4–1.7) in-
crease in the odds of IBS onset 1 year later compared 
with persons who were not infected (19).

PI-IBS is the most common PI-FGID, occurring in 
an estimated 10%–20% of persons after gastrointes-
tinal infection (8,10–12,20–23). A previously healthy 
person recovering from an acute gastrointestinal in-
fection, regardless of pathogen type (e.g., viral, bacte-
rial, or parasitic infection), has a 3- to 4-fold increase 
in risk for IBS symptom onset compared with unex-
posed persons (8,24). One study analyzed data from a 
commercial insurance database and reported that the 
1-year incidence of IBS was higher in persons with 
previous giardiasis (37.7/1,000 person-years) com-
pared with persons without a documented G. duode-
nalis infection diagnosis (4.4/1,000 person-years) (23). 
After adjusting for anxiety, depression, and health-
care use, the adjusted hazard ratio was 3.9 (95% CI 
2.9–5.4) (23). Similar outcomes were observed in a 
pooled analysis of several cohort studies, where doc-
umented giardiasis infection increased the odds for 
developing IBS >5-fold (OR 5.5; 95% CI 4.2–7.1) com-
pared with uninfected persons (25).

Factors associated with a higher risk for PI-IBS 
onset include younger age (8), female sex (8,12,25,26), 
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antibiotic exposure (25), severity of initial infection 
(8), prior mental health diagnosis (8,12,18,19,25), so-
matization (19), and giardiasis infections that require 
>1 treatment course (i.e., treatment-refractory giardi-
asis) (26). Moreover, data suggest protozoal infections 
such as giardiasis and blastocystosis carry a higher 
risk for PI-IBS onset (16,27) compared with bacterial 
and viral gastrointestinal infections (8,21,25).

Postinfectious Functional Dyspepsia
Postinfectious functional dyspepsia (PI-FD) is char-
acterized as an onset of new dyspeptic symptoms 
after an acute gastrointestinal infection (10). Symp-
toms can include constipation, epigastric pain, severe 
bloating, gastric hypersensitivity, decreased drinking 
capacity, and reduced gastric emptying (11,15). Inde-
pendent factors associated with a higher risk for PI-
FD include younger age, somatization (19), and prior 
mental health diagnosis (27). Considerable overlap 
seems to exist between PI-IBS and PI-FD. Some stud-
ies note that, among participants meeting the Rome 
criteria for PI-IBS, a subset (15%–44%) also met crite-
ria for PI-FD (11,13). Likewise, ≈85% of participants 
with PI-FD also met Rome criteria for PI-IBS in an-
other study (13).

An estimated 10% of persons with gastrointesti-
nal infections might have onset of PI-FD (23). A sys-
tematic review described increased odds of PI-FD on-
set 6 months after a gastrointestinal infection (OR 2.5; 
95% CI 1.8–3.7) compared with a control population 
(23). Further, some large cohort studies indicated that 
≈25% of persons with giardiasis had onset of PI-FD 
(11,13). Another cohort study examining active-duty 
military personnel with prior giardiasis documented 
an increased risk for PI-FD (risk ratio 3.2; 95% CI 1.2–
8.9) compared with controls (27).

Other Gastrointestinal Symptoms
Giardiasis is also a risk factor for developing chronic 
gastrointestinal symptoms that do not meet PI-IBS 
or PI-FD criteria. One cohort study described prior 
giardiasis associated with an increased risk (risk ratio 
4.0; 95% CI 2.9–5.6) of gastroesophageal reflux (27). 
Another study reported an increase in the prevalence 
of bloating (aRR 1.8) and nausea (aRR 3.0) compared 
with persons without prior giardiasis (13).

Postinfectious Musculoskeletal and 
Neuromuscular Syndromes
An estimated 30% of persons with prior giardiasis 
experience long-term extraintestinal symptoms (28). 
Many of those symptoms are expressed as joint or 
fatigue syndromes, but some persons report a wide 

variety of symptoms that often overlap with diag-
nostic criteria for other extraintestinal syndromes. 
Frequent manifestations include a decrease in daily 
functional status, exertion intolerance, unrelieved fa-
tigue despite rest or sleep, neurocognitive and sen-
sory impairments, and musculoskeletal complaints. 
Although some of these symptoms occur in the ab-
sence of gastrointestinal symptoms, many co-occur 
with PI-IBS (7,29).

Postinfectious Arthritis
Case reports of postinfectious joint pain and arthritis 
were once rare; however, since the 2010s, studies in-
creasingly report arthritides after giardiasis (30–34). 
Still, the pathogenesis remains unclear, and no stan-
dardized timeframe is used to diagnose the condi-
tion (30,33). Studies use wide-ranging definitions for 
symptom onset, ranging from >4 days to <3 months 
after giardiasis and an average duration in joint 
symptoms of 3 months; however, symptoms can last 
years (33). Postgiardiasis arthritis can manifest in >1 
joint, often in the knee, ankle, hip, and wrist (34). Re-
search is sparse on identifying risk factors, although 
a higher risk among children has been reported. One 
study demonstrated an association between arthritis 
and previous G. duodenalis infection among children 
0–19 years of age and adults 20–64 years of age (33), 
and a systematic review reported that the prevalence 
of postgiardiasis arthritis was higher among children 
<18 years of age compared with adults (34).

An analysis of healthcare encounters and insur-
ance claims in the United States described the odds 
of arthritis or joint pain within 6 months of giardiasis 
as 51% higher compared with controls (adjusted odds 
ratio 1.5; 95% CI 1.3–1.8) (33). Despite the high preva-
lence of giardiasis globally, postgiardiasis arthritis is 
not diagnosed as frequently as arthritis after other gas-
trointestinal infections such as Campylobacter jejuni (30).

Myalgic Encephalomyelitis or 
Chronic Fatigue Syndrome
Myalgic encephalomyelitis or chronic fatigue syn-
drome (ME/CFS) is characterized by waxing and 
waning physical, cognitive, or emotional exertion 
intolerance that is not relieved by sleep or rest (7). 
Its pathogenesis remains unclear, and the time to 
onset varies, but the trajectory is similar. A prodro-
mal phase progresses to a nadir, with some level of 
improvement (35), followed by a chronic phase in 
which preillness health and abilities are not regained 
(9). Impairments often are associated with extended 
leave from work and school (9,26,36). Regardless of 
symptoms, persons with giardiasis-associated ME/
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CFS report a negative impact on their quality of life 
associated with disabilities and disruptions of activi-
ties of daily living (6).

Giardiasis-associated ME/CFS was first re-
ported after a 1986 California water contamination 
event (37). It was again documented after a 2004 wa-
ter contamination event in Norway (31), when ≈5% 
of persons developed ME/CFS-like symptoms after 
giardiasis resolution (36). Two years after the event 
in Norway, questionnaire respondents reported more 
fatigue symptoms than gastrointestinal symptoms 
(31). A follow-up study 3 years postexposure vali-
dated the symptoms and identified persons with his-
tory of giardiasis as having an increased risk for ME/
CFS compared with controls (aRR 4.0; 95% CI 3.5–4.5) 
(16). At 6 years, the fatigue risk decreased slightly but 
remained higher compared with unexposed persons 
(aRR 2.9; 95% CI 2.3–3.4) (17).

The severity of the giardiasis and having >1 
treatment course are associated with ME/CFS (26). 
Chronic fatigue syndrome may also be associated 
with overactive bladder in both giardiasis-exposed 
and unexposed persons (OR 2.73, 95% CI 1.85–4.02 in 
exposed persons; OR 2.79, 95% CI 1.69–4.62 in unex-
posed persons) (38). Throughout follow-up studies, 
ME/CFS symptoms are associated with IBS symp-
toms across all age and sex groups (16,17,39).

Fibromyalgia
Evidence of postinfectious fibromyalgia after giardia-
sis is emerging. Symptoms of fibromyalgia include 
chronic generalized pain accompanied with chronic 
fatigue, disrupted sleep patterns, headache, cognitive 
dysfunction, and gastrointestinal symptoms (40).

A study after a drinking water contamination 
event in Finland associated with several types of 
gastrointestinal infections (including giardiasis) de-
scribed postinfectious complex regional pain syn-
drome and fibromyalgia in 4% of study participants 
(32). However, the report did not describe asso-
ciations specifically among persons with giardiasis 
(32). A study from a separate outbreak in Norway 
detailed a higher prevalence of fibromyalgia (9%) 
10 years postgiardiasis compared with persons who 
had no prior giardiasis (3%) (29). The report also de-
scribed the odds of fibromyalgia were nearly 3-fold 
among case-patients compared with controls (OR 
2.9; 95% CI 1.7–4.9) (29).

At the time of this publication, studies have not 
demonstrated sex or age as risk factors for postinfec-
tious fibromyalgia. However, some analyses reveal 
that diagnosis often is concomitant with IBS or ME/
CFS status after giardiasis (29).

Pediatric Implications
Despite the reduction of intestinal infectious diseases 
such as giardiasis as leading causes of death in chil-
dren <5 years of age, they remain a leading cause 
of disease burden and disability-adjusted life-years 
globally (41). Diarrheal illness in early childhood has 
been linked not only to impairments in hand–eye 
coordination, physical fitness, information process-
ing, and cognitive function (42,43) but also to growth 
disorders. A study from Ethiopia of 224 children 2–5 
years of age demonstrated increased odds of stunting 
among children infected with >1 intestinal parasites 
compared with those without (44). Furthermore, re-
search shows that giardiasis, even when asymptom-
atic, is a major contributor to stunting in children 
(4,5). Given that a recent study of >11,000 children in 
low-resource settings identified G. duodenalis para-
sites in stool samples of 35% of asymptomatic chil-
dren, millions of children worldwide may be at risk 
for giardiasis-associated stunting (2).

Although G. duodenalis infections can cause nu-
trient malabsorption and malnutrition in any human 
host if not adequately treated, such infections can con-
tribute to IACCIs in children who are still growing 
and developing (30). Persistent giardiasis within the 
first 6 months of life is associated with deficits in both 
weight and length at 24 months of age in a large study 
of children from several countries (5). Fecal presence 
of G. duodenalis parasites in 3–6-month-old infants (p 
= 0.012) and 9-month-old infants (p = 0.006) was asso-
ciated with a mean difference of ≈0.3 SD in height-for-
age Z-score at 2 years of age in a study conducted in 
Pakistan (45). Any giardiasis before 2 years of age was 
a predictor of lower social and intelligence quotients 
and poorer growth at 3 years of age compared with 
children without giardiasis in a study from southern 
India (42). Moreover, giardiasis during a child’s first 2 
years is associated with cognitive impairment up to 7 
years later, independent of physical growth (43). Fur-
thermore, a longitudinal study in Peru following ≈140 
children from birth to age 9 years describes lower in-
telligence quotient scores in children with >1 episode 
of giardiasis annually, compared with children with 
1 or no infection (43). Of note, most studies examin-
ing the association between giardiasis and long-term 
pediatric implications including stunting, failure 
to thrive, and cognitive impairment are conducted 
in low-income or lower middle-income countries, 
highlighting an important potential health disparity. 
Higher G. duodenalis infection endemicity in lower-
resource settings may be contributing to the higher 
prevalence of stunting and other developmental con-
ditions in these areas.
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Other Complications of Giardiasis
We also surveyed research on additional complications 
of giardiasis. Those include rarely described complica-
tions (e.g., myocarditis and pancreatic neoplasms) and 
treatment-refractory giardiasis (Appendix).

Future Directions
The body of literature on giardiasis-associated 
postinfection sequelae is growing. However, this in-
formation largely has been gathered within the con-
text of focal epidemiologic studies or as a follow-up 
to outbreak investigations, having limited sample 
sizes, varying clinical criteria, and varying meth-
odologic approaches. Several open areas of research 
exist to guide giardiasis-associated postinfection se-
quelae strategies and actions at a national level for 
the United States.

Of note, a gap exists in research to elucidate the 
pathophysiology and establish specific diagnostic cri-
teria for IACCIs after giardiasis. Variation in the defi-
nitions used to characterize IACCIs complicate the 
ability to draw definitive conclusions across studies 
or generate accurate prevalence estimates. Further-
more, given the differences between adult and pedi-
atric clinical manifestations, characterizing the mech-
anisms of illness at different stages of life may be 
useful. From the studies we described, we observed 
a high number of reports of IACCIs after giardiasis 
based in resource-limited countries. We have an op-
portunity to understand the biology of how underly-
ing health status, including nutritional, chronic stress, 
and immunologic profiles, may predispose popula-
tions to IACCIs after giardiasis.

In the United States, national-level epidemiologic 
data on IACCIs after giardiasis are lacking. Routine 
longitudinal analyses of national hospitalization and 
insurance claims databases, such as studies presented 
by Nakao et al. (22) and Painter et al. (33), may help to 
identify temporal or regional patterns of IACCIs after 
giardiasis, including the characterization of high-risk 
populations by age, sex, race/ethnicity, and insur-
ance type (22,33). Separately, surveillance activities 
such as the Foodborne Diseases Active Surveillance 
Network offer opportunities for state health depart-
ments to identify and recruit persons with giardiasis 
into a prospective cohort study to detect postinfection 
sequelae and understand risk factors in nonoutbreak 
settings. As of 2024, however, giardiasis is not among 
the 8 enteric diseases included in the system. The 
lack of exposure and symptomatologic data within 
national surveillance systems contributes to gaps in 
epidemiologic knowledge for giardiasis. Increasing 
the robustness of this data collection would enhance 

our understanding of disease risk factors and clinical 
manifestations, in turn supporting national preven-
tion and mitigation strategies, identifying populations 
for targeted outreach, and identifying opportunities 
for HCP education (46).

Finally, research describing HCP awareness and 
practice regarding IACCIs after giardiasis is lacking, 
and studies suggest that limited knowledge of giar-
diasis may be a contributor to illness burden in the 
United States. Two studies reported gaps in HCP 
knowledge of giardiasis as a source of childhood 
diarrhea in the United States (47,48). Another study 
found that less than half of surveyed HCPs consid-
ered postinfectious IBS as a diagnosis in patients 
with recent gastrointestinal infections (49). With re-
spect to case management, 1 study reported 20% of 
persons with giardiasis had not received appropriate 
treatment (28), whereas another found that adults of-
ten had >3 visits to an HCP before giardiasis diag-
nosis, were less likely to have a Giardia-specific test, 
and were more likely to receive only antibiotics as 
treatment (50). Those knowledge gaps among HCPs 
suggest IACCIs after giardiasis probably are under-
diagnosed. Resource development to enhance HCP 
knowledge and aid diagnosis and treatment strate-
gies may help improve case management of affected 
persons, thereby minimizing the burden of IACCIs 
and enhancing patient outcomes.

Conclusions
G. duodenalis IACCIs negatively affect the health and 
quality of life of those in endemic and nonendemic 
countries (2,6,7). Some priority areas for future prog-
ress include creating a consensus around clinical cri-
teria and definitions for IACCIs after giardiasis and 
increasing data collection through surveillance sys-
tems for robust epidemiologic studies. In addition, 
research is needed to fully understand the underly-
ing mechanisms, national prevalence, populations at 
increased risk, and specific knowledge gaps for HCPs 
that may result in delayed diagnosis or misdiagno-
sis of IACCIs after giardiasis. Ultimately, increased 
epidemiologic knowledge and educational resources 
for IACCIs after giardiasis among HCPs may guide 
public health efforts and contribute to an increased 
understanding of IACCIs more broadly.
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I love forms beyond my own / 
and regret the borders between us
—Loren Eiseley (1)

The untitled cover art for this supplement issue 
of Emerging Infectious Diseases was created by 

Patrick Mead in 2016. Mead’s first experience creat-
ing art came at the age of 15, when his parents gave 
him a digital camera. The artist describes it as his first 
experience of feeling creative (pers. comm., email, 
2025 Dec 9). Initially, his photographic subjects were 
abandoned structures, such as the Great Western 
Sugar Company mills found along the Front Range of 
the Rocky Mountains in Colorado, but his attention 
turned more toward nature as he grew older.

Mead’s digital image is a mosaic he created in 
Adobe Photoshop from a single photograph he took 
of an Eastern cottonwood tree. “The tree was at the 
intersection of College and Vine in Fort Collins,” 
said Mead (pers. comm., email, 2026 Jan 8). “I chose 
it somewhat at random, but also because, like all old 

cottonwoods, it has this semblance of being a protru-
sion or extension of the earth beneath it rather than 
something that rests atop it.”

At the time Mead was creating this piece, he was 
fascinated by fractal patterns found in the growth of 
trees and the promise of underlying order and unity 
that they offered. A fractal is a mathematical equation 
that describes a complex geometric shape character-
ized by self-similarity, meaning that it exhibits a simi-
lar pattern regardless of scale (2). This pattern is also 
found in nature. A tree is a good example of a fractal 
pattern: as it grows it repeats the same pattern; each 
branch has a similar structure to that of the original 
tree, as illustrated in the Figure.

Fractals are a newer discovery, the term intro-
duced in 1975 by mathematician Benoît Mandel-
brot. Fractals quickly captured the attention of the 
general public, and the “Mandelbrot set” was fea-
tured on the cover of Scientific American in 1985 (3). 
Over the course of 50 years, fractals have moved 
from the realm of mathematics to art and the popu-
lar imagination (4).

Mead (pers. comm., email, 2025 Dec 9) describes 
his personal experience of solace in exploring nature’s 
connectedness:

A Tangle of Curious Forms 
Lesli Mitchell
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Infection-Associated Chronic Conditions and Illnesses  

I found my love for the natural world, of 
which this image is an early example, grew 
from my attempts to establish connections 
with my environment by naming and 
befriending its nonhuman inhabitants. 
Isolation can be a pernicious and, at times, 
self-inflicted condition, independent from 
one’s social surroundings. Knowing the local 
flora and fauna proved an effective way for 
me to combat this. To see the trees you pass 
every day on your way through the world as 
fellow inhabitants and companions, friends 
even, offered me a sense of comfort when it 
was otherwise lacking.

The series from which this piece originates was 
inspired by the art of Karl Blossfeldt, a German 
photographer and key figure in Germany’s Neue 
Sachlichkeit (New Objectivity) movement, a post–
World War I style emphasizing objective, factual 
representation. Best known for his close-up photog-
raphy of plants, Blossfeldt, like Mead, was inspired 
by and spent much time in nature in his youth. Over 
30 years, Blossfeldt produced 6,000 photographs us-
ing a homemade camera and lens that could magnify 
up to 30 times (5,6). The microcosmic aesthetic of his 
botanical photographs reflected his enduring interest 
in the repetitive patterns found in nature’s textures 
and forms, a fascination also shared by Mead. Mead 
was also inspired at the time the work was created 
by the writing of Loren Eiseley, a naturalist, anthro-
pologist, writer, and poet. Eiseley’s writings helped 
inspire the modern environmental movement, and 
his work explores humanity’s relationship with the 
natural world.

The artist recognizes that his analysis, while accu-
rate, is one only afforded to him in retrospect. Mead 
acknowledges that his early interest in the underly-
ing order and unity in patterns found in the growth 
of trees, and his fuller understanding of the natural 
world now, are not so different. Mead still practices 
photography for self-enrichment but says most of his 
time now is dedicated to his career as an art teacher 
and to designing board games. He currently resides 
in Colorado.

This supplemental issue of Emerging Infectious Dis-
eases contains articles describing the prolonged, often 
nonspecific symptoms that arise in some patients af-
ter different infections. Collectively, such symptoms 
fall under the rubric of Infection-Associated Chronic 
Conditions and Illnesses (IACCIs). In addition to the 
suffering they cause patients, IACCIs pose a frequent 

conundrum for healthcare providers. They are famil-
iar in some respects, yet their pathogenesis and full 
nature are obscure, and their overlap with other dis-
eases fosters misdiagnosis and frustration.

Mead’s cover image is based on reflections and 
permutations of a single tree. Although the original 
object is familiar, the viewer’s orientation is upend-
ed and confused. What begins as recognizable tree 
branches overlap and blend into a tangle of curious 
forms in which different viewers may imagine a host 
of entities—creatures, faces, capillaries, phantoms—
reflecting the multitude of challenges posed by IACCI.
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Figure. Symmetric fractal binary tree silhouette. Image by  
synthetick. Source: Adobe Stock (https://stock.adobe.com/ 
1569039416).


