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The acute morbidity and mortality of COVID-19 have been 
well described. Evidence is emerging that COVID-19 may 
also result in negative long-term medical and psychiatric 
outcomes. A broad response from the public health commu-
nity in North Carolina that includes robust surveillance and 
catch-up care is needed to reduce the long-term sequelae of 
COVID-19.   

Introduction 

The novel coronavirus (SARS-CoV-2), the causative 
agent of coronavirus disease 2019 (COVID-19), first 

emerged in North Carolina on March 3, 2020, and, as of 
October 1, 2020, had led to over 200,000 infections and 
3,000 deaths in the state and remains a major public health 
threat [1]. In the first four months of the pandemic, North 
Carolina incurred over $300 million in COVID-19-related 
costs [2]. As in other parts of the country, COVID-19 has 
disproportionately affected racial and ethnic minorities in 
North Carolina, and disproportionately impacted rural com-
munities [3].   

As an emerging infectious disease, there have been many 
descriptions of acute COVID-19-related illness, but long-
term effects remain uncertain. The most commonly rec-
ognized symptoms of COVID-19 are fever, cough, myalgia, 
expectoration, and dyspnea [4], though it is now apparent 
that COVID-19 has significant extrapulmonary manifesta-
tions [5]. Although acute COVID-19-related morbidity and 
mortality are well documented, emerging evidence suggests 
that SARS-CoV-2 may also lead to long-term medical and 
neuropsychiatric sequelae. Indeed, the United Kingdom 
COVID Symptom Study found that about 10% of infected 
persons have illness that lasts longer than three weeks [6]. 

Here, we discuss potential long-term complications of 
COVID-19 in light of known sequelae of the previous wide-
spread coronavirus infections Severe Acute Respiratory 
Syndrome (SARS) and Middle East Respiratory Syndrome 
(MERS). We suggest that a potential wave of chronic compli-
cations associated with COVID-19 requires a broad response 
from the public health sector in North Carolina. The following 
is a survey of select potential COVID-19 long-term sequelae 
and is not intended to be an exhaustive review.

History of Widespread Coronavirus Infections

SARS-CoV-2 is the third coronavirus to cause widespread 
infection in the 21st century. From 2002 to 2003, the SARS-
associated coronavirus (SARS-CoV), the virus causing 
SARS, spread from China to 28 other countries and infected 
over 8,000 people, killing 774 [7]. MERS, caused by MERS 
coronavirus (MERS-CoV), emerged in 2012 in Saudi Arabia. 
By May 31, 2015, there had been 1,180 laboratory-confirmed 
infections caused by MERS-CoV with 483 deaths, approxi-
mately a 40% mortality rate [8].  

Sequelae of SARS-CoV-2 Infection

Pulmonary Sequelae 
Similar to both SARS and MERS, the most apparent 

acute complication described early in the COVID-19 pan-
demic was severe pulmonary disease requiring high rates 
of mechanical ventilation [9]. Pulmonary embolisms trig-
gered by SARS-CoV-2 have an additive burden to respira-
tory compromise in many with COVID-19 [10]. In the case 
of SARS, cohort studies have evaluated the long-term pul-
monary sequelae of SARS-CoV infection. In Hong Kong, a 
prospective cohort of 123 participants previously hospital-
ized with SARS-CoV were followed for two years after infec-
tion. For those who completed all follow-up visits over the 
two-year period, 52% had persistent impairment in their 
pulmonary diffusion capacity [11]. Another prospective 
cohort of 71 SARS-infected health care workers in Beijing 
found that, at 15-year follow-up, participants had persistent 
mildly impaired lung function, although most of the decline 
occurred in the first year post-infection. Notably, despite 
no marked improvement in diffusion capacity, pulmonary 
function did not decline significantly over the duration of 
the study [12]. 

Studies of SARS-CoV-2 are still emerging, but persistent 
decreases in diffusion capacity in recovered patients have 
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been reported three months after discharge [13]. A single 
center retrospective study of 143 patients in Italy found that 
87.4% of patients continued to have at least one symptom, 
namely dyspnea or fatigue, two months after recovering 
from acute SARS-CoV-2 infection [14].

Cardiovascular Sequelae 
Little is known about the acute and long-term cardiovas-

cular impacts of SARS, though MERS-associated myocarditis 
leading to persistent systolic dysfunction has been reported 
[15]. Acute cardiovascular complications, such as acute cor-
onary syndrome, myocarditis, arrhythmias, and heart failure, 
have been widely reported in patients with COVID-19 [16]. 
In one meta-analysis, the prevalence of myocardial injury in 
patients with COVID-19 was 5%-38% [17]. The long-term 
implications of increased acute cardiovascular complica-
tions in COVID-19 are less clear. However, in one observa-
tional cohort of 100 patients recovered from COVID-19, 78% 
had abnormal findings on cardiovascular MRI at a median of 
71 days after diagnosis, independent of preexisting comor-
bidities, most pointing toward ongoing perimyocarditis [18]. 
In this same report, 36% of patients reported persistent 
dyspnea and exhaustion [18]. Patients with ventricular dys-
function, myocarditis, or pericarditis may require at least 3-6 
months abstention from intense exercise to avoid worsening 
cardiovascular compromise or death [6].  

Neuropsychiatric and Cerebrovascular Sequelae 
SARS has been associated with long-term neuropsychi-

atric morbidity. In one cohort study of 99 SARS survivors, 
33.5% of patients were diagnosed with a psychiatric dis-
order 30 months post-SARS infection, while only 6% of 
patients had a documented mental illness prior to SARS 
infection [19]. Furthermore, a meta-analysis of patients 
who were infected with either SARS or MERS reported 39% 
of patients had posttraumatic stress disorder (PTSD), and 
30%-33% had anxiety and depression, respectively [20]. In 
a larger cohort study of 233 SARS survivors at 4 years post-
SARS infection, over 40% of patients had active psychiatric 
illness [21]. The most commonly reported diagnoses in both 
reports were depression and PTSD [21]. A meta-analysis of 
psychiatric and neuropsychiatric presentations for severe 
coronavirus infections found that nearly 19% of patients 
with SARS or MERS had impaired memory between 6 weeks 
and 39 months post-infection [22].

Although long-term neuropsychiatric outcomes of 
COVID-19 are yet to be determined, acute neuropsychiatric 
symptoms have been reported in 40%-88% of patients with 
severe acute COVID-19 [23]. In a United Kingdom surveil-
lance study of 125 unique cases of SARS-CoV-2 infection, 77 
patients presented with a cerebrovascular event and 39 pre-
sented with altered mental status. Mania, depression, and 
catatonia have also been reported [24]. 

Cerebrovascular events like acute strokes have also been 

associated with COVID-19. These are thought to be related 
to abnormal blood clotting in the brain, and likely share a 
similar cause or set of causes as pulmonary emboli, or blood 
clots in the lungs, as blood vessels in the lungs and brain 
both have the receptor angiotensin converting enzyme-2 
that is targeted by SARS-CoV-2 [25].

Consequences of COVID-19 Therapies

A number of therapeutics, such as anti-inflammatories, 
antivirals, or immunomodulators, have been repurposed 
for treatment of COVID-19. The use of corticosteroids in 
critically ill patients does appear to reduce 28-day all-cause 
mortality and should be used when needed [26]. However, 
high-dose corticosteroid use could cause long-term issues 
for recipients. In a study of 71 survivors of SARS who received 
short-term high-dose steroids who were followed for 15 
years, 15 had femoral head necrosis thought to be related 
to their steroid use, with four cases of poor mobility due to 
resulting arthritis [12].

Indirect Consequences of COVID-19 

In the 10 weeks after a national emergency was declared 
in the United States due to COVID-19, the rates of emergency 
department visits for heart attacks and strokes decreased 
by 23% and 20%, respectively [27]. The long-term morbid-
ity from these untreated or unrecognized acute neurovas-
cular or cardiovascular events poses a large indirect burden 
associated with the pandemic. A study in Italy showed a 
decrease of 55% in the number of emergency department 
visits between February and April 2020 compared to the 
same period in 2019 [28]. With this decrease in presenta-
tions, there was a concomitant increase in patients present-
ing with acute or chronic heart failure, an increase in those 
requiring intensive care, and higher rates of atrial fibrilla-
tion, ischemic heart disease, and severe renal dysfunction, 
all suggesting that delayed presentation to health care led to 
decompensation of chronic comorbidities [28].

Many medical clinics across the world were temporarily 
closed, while others still remain closed to in-person visits. 
This has led to delayed (or missed) primary care, including 
vaccinations for both adults and children, delays in cancer 
screening, and delays in other age-specific health screening. 
In the United States, 33% of those living in rural areas do 
not have high-speed internet access that would be able to 
support a video telehealth visit [29]. This has the potential 
to perpetuate or increase barriers to care for underserved or 
rural populations.

An additional unintended side effect of the pandemic 
is the rising rate of unemployment, which may directly or 
indirectly compound the burden of COVID-19-related medi-
cal and psychiatric sequelae. As many individuals receive 
employer-related health and dental insurance, rising rates of 
unemployment have the potential to further impact access 
to care [30].
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Preparing for Long-term Sequelae 

Management of the persistent symptoms or the poten-
tial long-term sequelae related to the COVID-19 pandemic 
will require thoughtful and concerted efforts to first identify 
and then to treat. There need to be well-designed prospec-
tive cohort studies for structured surveillance for long-term 
effects. It will be imperative that these studies work to have 
appropriate representation from the populations that have 
been disproportionately affected by COVID-19, including 
geriatric populations and Latinx and African American com-
munities. Some hospitals have begun to create COVID-19 
follow-up clinics for those suffering from persistent dis-
ease related to COVID-19. The North Carolina Department 
of Health and Human Services has also supported projects 
looking into the impact of COVID-19 in marginalized com-
munities [31]. 

Policy Efforts

In North Carolina, we would encourage developing com-
mon standards for the surveillance of symptoms or sequelae 
related to COVID-19. Improved surveillance for acute dis-
ease should be mirrored by improving surveillance methods 
for long-term complications. 

Resources should be dedicated to providing care to those 
who have been affected and continue to have symptoms. This 
could include the creation of educational material that can 
be shared with the community at large or targeted toward 
those primarily affected. Creation of COVID-19 follow-up 
clinics could be incentivized or subsidized, particularly if 
care is provided for populations who typically face dispari-
ties in health care. It is likely that the number of individu-
als requiring rehabilitation services will increase both from 
ongoing complications of COVID-19 and from morbidity suf-
fered from deferred care during the pandemic. There should 
be efforts made to strengthen or expand these services to 
meet these needs. Post-COVID-19 clinics that combine spe-
cialist care and rehabilitation for people who had COVID-19  
have started to be established around the United States 
[32]. Some of the provisions described may be well suited to 
telemedicine, which has flourished during the pandemic as 
social and medical distancing has become a necessity. 

Campaigns to encourage catch-up vaccine schedules in 
pediatric populations will be crucial in ensuring vaccine-pre-
ventable diseases do not reemerge in the United States as a 
result of the pandemic. The Centers for Disease Control and 
Prevention has detailed guidelines for how best to perform 
catch-up vaccines for children and adolescents, and they 
recommend implementing reminder and recall systems to 
identify patients who have missed vaccine doses [33]. It will 
be important for these reminder systems to be implemented 
across the state. 

Decreasing rates of concomitant risk factors for the gen-
eral population could help decrease long-term sequelae 
from the COVID-19 pandemic. Modifiable risk factors for 

organ dysfunction like tobacco abuse, poor physical activity, 
poor diets, or poor glucose control in diabetic patients are 
potential targets. Stricter regulations on smoking and vap-
ing accompanied by incentives or support for those trying to 
quit could help assuage the compound risks of smoking and 
prior COVID-19 on the development of progressive declines 
in lung function. 

The many potential mental health repercussions from the 
COVID-19 pandemic warrant increased funding for psychi-
atric services, collaboration between primary care providers 
and psychiatrists in mental health care, and internet-based 
mental health resources [34]. 

Conclusion

Despite growing knowledge of acute COVID-19-related 
disease, evidence of potential long-term consequences 
remains scant and research in this field is in its infancy. 
Continuing support for public health and surveillance is 
critical to identifying emerging direct and indirect negative 
consequences of COVID-19. Collaboration from researchers, 
clinicians, and policymakers is also needed to ameliorate 
disease-related sequelae.  
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