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Long-term sequelae following previous coronavirus 
epidemics
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Before the current pandemic, there had been two global 
epidemics from major coronavirus outbreaks since the turn of 
the century: severe acute respiratory syndrome coronavirus 
(SARS-CoV) and Middle East respiratory syndrome coronavirus 
(MERS-CoV). Both epidemics left survivors with fatigue, 
persistent shortness of breath, reduced quality of life and a 
significant burden of mental health problems. 
It is likely that some of the chronic problems encountered 
by survivors of SARS and MERS may be relevant for medical 
planning of the services required for survivors of coronavirus 
disease 2019 (COVID-19) caused by the novel coronavirus 
SARS-CoV-2. Given the similarities between the diseases, the 
recovery and rehabilitation of the survivors of COVID-19 is likely 
to be focused around cardiopulmonary sequelae, fatigue and 
the psychological burden of COVID-19, but in a much larger 
population.
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Introduction

Coronaviruses are large enveloped positive sense RNA viruses 
causing enteric and respiratory disease.1 In 2019, there had been 
two global epidemics from major coronavirus outbreaks since the 
turn of the century: severe acute respiratory syndrome coronavirus 
(SARS-CoV) and Middle East respiratory syndrome coronavirus 
(MERS-CoV). 

In December 2019, in Wuhan, China, the highly pathogenic 
SARS-CoV-2 caused a local outbreak of coronavirus disease 2019 
(COVID-19), which has now become a well-established global 
pandemic. COVID-19 has a spectrum of severity, with some 
patients being asymptomatic and others experiencing short-lived, 
self-limiting symptoms, but others developing a highly lethal acute 
pneumonia similar to that seen with SARS-CoV-1 and MERS-CoV.1 
Genomic analysis has demonstrated that SARS-CoV-2 is in the 
same beta-coronavirus clade as SARS-CoV-1 and MERS-CoV, and 

has significant sequence homology with SARS-CoV-1, including 
the sequences that mediate their entry through the same surface 
receptor (angiotensin-converting enzyme 2).2,3 

While the current focus of management is on the acute phase, 
attention is shifting to potential post-COVID-19 issues. It is likely 
that some of the chronic problems encountered by survivors of SARS 
and MERS may be relevant for medical planning of the services 
required for survivors of COVID-19. This is especially true for the 
planning of rehabilitation services given the likely demand in the 
months and years to come.4,5 With that in mind, this paper aims to 
provide a brief overview of the long-term complications and clinical 
syndromes encountered by survivors of the previous coronavirus 
epidemics.

A literature search was performed in early April 2020 using the 
search terms ‘severe acute respiratory syndrome/SARS’, ‘Middle East 
respiratory syndrome/MERS’, ‘recovery’, ‘complications’, ‘long-term’ 
on PubMed and Google Scholar. Abstracts were reviewed and full 
texts were sourced when they provided relevant information. Articles 
were excluded if the full text was not available or it was not written 
in the English language.

SARS

SARS was a clinical disease caused by SARS-CoV-1 that emerged in 
2003, originating in Foshan, Guangdong region, South China.6 As a 
result of the long incubation period of this disease (10–14 days), it 
had spread to 29 countries in Asia, Europe and North America by the 
time awareness of its severity grew, with the largest concentration of 
North American cases occurring in Toronto, Ontario. By the end of the 
epidemic, there had been 8,422 cases, with 916 related deaths (case 
fatality rate [CFR] 11%).7 SARS and its management caused both 
acute and chronic problems, as noted in multiple follow up studies. 

During the acute illness, patients self-reported a median loss of 
9% of their body weight, 67% reported alopecia (which self-
resolved in 6 months) and every mechanically ventilated SARS 
survivor reported muscle wasting and weakness at the time of 
discharge.8 Myopathy was also reported in 30% of patients in 
Hong Kong.9 At discharge from hospital, patients complained of 
immediate complications including new reactive airways diseases, 
neuropathies, hoarseness following prolonged intubation and 
heterotopic ossification.8,10

Tansey et al followed up 117 patients in Toronto who had 
contracted SARS, with interviews, physical examination, chest 
radiography, a 6-minute walk test (6MWT), quality of life (QoL) 
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measures and self-reporting of healthcare utilisation at 3, 6 and 
12 months.8 They showed that at 1 year, 18% of individuals had 
a reduced 6MWT due to shortness of breath and fatigue.8 QoL 
measures (using short form health survey, SF-36) showed a global 
reduction at 3 months, which had improved but not normalised at 
1 year.8 Most patients returned to work after a 1–2 month period of 
reduced hours; however, at 1 year, 17% of patients hadn’t returned 
and 9% had not returned to pre-SARS level of work.8

A 15-year follow-up study of 80 healthcare workers (HCWs) 
demonstrated that there were residual radiological lung lesions 
with corresponding loss of function; however, these did improve 
within the first year and remained stable thereafter.11 The same 
study also revealed femoral bone necrosis related to the use of 
high dose steroids in the acute illness.11 Another study confirmed 
residual impairment in ventilation and diffusion capacity for carbon 
monoxide (DLCO) 2 years after SARS.12

Yu et al demonstrated that all age groups had impaired function 
by following up a paediatric population of 34 individuals with a 
median age of 14.7 years at 6 and 15 months post SARS infection, 
with 34 controls (matched for age, sex, race and height).13 At 15 
months after SARS, absolute and mass-related peak V0

2
 remained 

impaired, despite normalisation of lung function.13 This reduced 
aerobic capacity was attributed to impaired perfusion to the lungs 
at peak exercise and physical deconditioning.

Fatigue, myalgia, depression and poor sleep were seen in a cohort 
of 22 patients and a post-SARS syndrome, similar to fibromyalgia 
or post viral chronic fatigue syndrome, was suggested, possibly as 
a result of the psychological trauma or neurological involvement of 
SARS.14 All bar one of these patients was a HCW. 

Mental health problems were common both in the acute illness 
and long-term. During the acute illness of 101 patients in Wong Tai 
Sin Hospital in Hong Kong, 27 patients suffered moderate anxiety 
acutely, with 16 suffering severe anxiety.15 At 1-year follow up, 
there were variable levels of mental health problems in different 
populations of SARS survivors, with approximately 5% in one Hong 
Kong-based study of 75 survivors and 33% in 117 survivors in 
Ontario (both measured by SF-36).8,15 SARS has been since described 
as a mental health catastrophe as a result of the psychological 
impact on survivors, especially in those who were HCWs, including 
anxiety, depression, psychosis and high rates of post-traumatic 
stress disorder (PTSD) (up to 44% in some studies).16 There were 
many reasons suggested for this, including the fatal nature of SARS, 
family concerns and worries about infecting others.16

Improvements were seen following post-SARS rehabilitation. 
Recovery times in cardiovascular and musculoskeletal performance 
were improved in 133 SARS survivors in Hong Kong 5 weeks 
after their acute illness following a 6-week physical rehabilitation 
programme.17 During follow up of a different population, it was seen 
that SARS-induced pulmonary lesions recovered to a better extent 
following rehabilitation.11 

While most post-SARS problems settled in time, there were 
ongoing issues with persistent shortness of breath, fatigue, reduced 
QoL and a significant burden of mental health problems.

MERS

MERS first emerged in Jeddah, Saudi Arabia in 2012, and is still 
circulating, with discrete outbreaks seen in Jeddah, Riyadh and the 
Republic of Korea. As of 31 January 2020, there had been 2,519 
infections with 866 fatalities (CFR 35%).18 Outbreaks often occur 
in healthcare facilities as a result of delayed recognition leading to 

secondary infection, and therefore a relatively high number of HCWs 
have been infected (approximately 20% of all MERS infections).19

As with SARS, presenting symptoms are fever, cough and 
dyspnoea, although a much higher proportion have gastrointestinal 
symptoms (up to 50% present with diarrhoea).20 Similar to SARS 
and COVID-19, the presence of comorbidities and increasing age 
are associated with poor clinical outcomes.20 Most MERS patients 
present with serious respiratory disease and have abnormalities on 
chest radiography.21 The majority of patients require critical care (up 
to 89% in one outbreak) and potentially mechanical ventilation.22

Batawi et al followed up 78 MERS survivors with questionnaires at 14 
months post-hospitalisation in Saudi Arabia.23 Using the SF-36, QoL 
scores were reduced, with significantly lower scores in those who had 
had critical care admissions.23 Similar to SARS, chronic fatigue symptoms 
were described in 48% of survivors at 1 year, reducing to 33% at 18 
months.24 88% of MERS survivors were back at work, but the study 
didn’t differentiate on how many were in part- or full-time work.23

As seen with SARS survivors, there are high levels of psychiatric 
disorders, including anxiety, depression and PTSD, notably worse 
in HCWs. One study showed that at 12 months post-MERS 27% of 
survivors had depression and 42% had PTSD, which improved at 
18 months but was still a problem in 17% and 27% of survivors 
respectively.24 These effects were increased in HCWs, with a 
different study in South Korea demonstrating that 57% of nurses 
who treated patients with MERS suffered PTSD.25

Aside from mental health, there was a notable difference between 
HCWs and non-HCWs, with less severe disease and better survival 
rates seen in HCWs. This was likely due to the HCWs being younger 
and having fewer comorbidities.20

The literature is sparse, but the specific rehabilitation demands 
of patients who have survived MERS are likely to be similar to SARS 
survivors, and based around fatigue, pulmonary rehabilitation, 
mental health support and post intensive care management. 

Other conditions

Similar findings to those seen in survivors of SARS and MERS 
have been seen in survivors of non-coronavirus-related acute 
respiratory distress syndrome (ARDS). Herridge et al followed ARDS 
survivors up at 3, 6 and 12 months using questionnaires and basic 
assessments.26 Their findings replicated those seen in survivors 
of both epidemics, with significant weight loss (up to 18% of 
body weight), reduced 6MWT at 1 year, reduced QoL scores and 
persistent functional disability 1 year after critical care discharge.26 
They followed this population up for 5 years and demonstrated that 
exercise limitation, physical sequelae and reduced QoL persisted to 
that point.27 

Similar problems can be seen in all those who require critical care. 
Post intensive care syndrome (PICS) is a common constellation 
of physical, psychological and cognitive problems experienced by 
those who have been in critical care, with holistic rehabilitation 
programmes required for each component.28

Conclusion 

Given the similarities noted between SARS, MERS, ARDS and 
COVID-19, it is reasonable to infer that the complications will be 
similar with a significant impact on long-term morbidity in a large 
patient population. Patients recovering from COVID-19 are likely 
to need support for a variety of complications with individually 
tailored rehabilitation programmes, including cardiopulmonary, 
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psychological and PICS rehabilitation.
Any clinician in primary or secondary care caring for patients 

who have had COVID-19 will need to monitor for likely long-term 
complications to help identify any occult problems requiring 
additional help. 
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