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Abstract
The long-term sequelae of coronavirus disease 2019 (COVID-19) are still unknown. Lessons from past viral epidemics 
reveal that, after recovery, patients with viral pulmonary infections can suffer from irreversible pulmonary dysfunction and 
demonstrate residual imaging or functional abnormalities. Residual ground glass opacities, consolidations, reticular and 
linear opacities, residual crazy paving pattern, melted sugar sign, and parenchymal fibrotic bands are several features found 
in the late or remission stages of COVID-19. These radiologic findings have been observed weeks after symptom onset, 
even after hospital discharge, and they may or may not correlate with clinical manifestations. High-resolution CT may be 
indicated to establish new baselines and track changes in residual impairments. In our previous review, we observed signifi-
cant pulmonary sequelae in some COVID-19 survivors at follow-up. In this update, we review the current literature on the 
clinical and radiologic manifestations of post-recovery COVID-19 toward the end of hospital admission and after discharge.
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Introduction

In December 2019, a severe respiratory illness outbreak 
appeared in Wuhan, China. The causative agent was iden-
tified as a novel coronavirus, later termed Severe Acute 
Respiratory Syndrome—Coronavirus—2 (SARS-CoV-2) 
by the World Health Organization (WHO). Infection by 
SARS-CoV-2, termed Coronavirus disease 2019 (COVID-
19), causes most commonly fever, cough, fatigue, and dysp-
nea [1–5]. In severe cases, COVID-19 results in severe acute 
respiratory syndrome, respiratory failure, and death. Mul-
tiple different extrapulmonary findings and manifestations 
have been also described in this disease. SARS-CoV-2 is a 

highly contagious virus. Given the alarming number of cases 
and deaths, the WHO declared COVID-19 as a pandemic in 
early March 2020 [1].

Over the past several months, the risk factors, clinical 
manifestations, diagnosis, and management of COVID-19 
have been investigated in numerous publications. Older age, 
male sex, diabetes mellitus, hypertension, and cardiovascu-
lar diseases are all associated with higher rates of respiratory 
failure, ICU admission, and mortality [2–4]. Although there 
is published literature describing the clinical and radiologic 
progression and course of COVID-19 throughout the hos-
pital stay, there is a scarce of literature describing how that 
progression should guide management at discharge and post-
discharge surveillance. In our previous review, we noted 
that past epidemics including the first SARS and avian flu 
H7N9 can result in permanent pulmonary damage, observ-
able on chest CT many years after the acute pneumonia. We 
observed significant pulmonary sequelae in some COVID-
19 survivors at follow-up as well [5–7]. The purpose of this 
update is to review the literature in the past several months 
on the clinical and radiologic features of COVID-19 toward 
the end of hospital admission and after discharge.
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Clinical findings of COVID‑19 
at and after discharge

Most studies clinically stage COVID-19 infection from 
the onset of symptoms. The number, duration, nomen-
clature, and discharge criteria for these stages are highly 
variable across multiple studies. In a rapid advice guide-
line, Jin et al. find that COVID-19 can be staged anywhere 
from two to seven stages, depending on the management 
perspective. In the most general sense, COVID-19 pro-
gression can be categorized simply as early or late stage. 
On the other hand, the progression can be staged more 
granularly (ultra-early, early, rapid progression, consolida-
tion, and dissipation) [8]. This variability arises from the 
diversity in clinical presentation and other factors. The 
discharge criteria in many of these studies are unclear, and 
few have reported short-term (1–2 months) follow-ups on 
COVID-19 patients after hospital discharge.

While not mentioned in many studies from China, 
standardized discharge criteria for COVID-19 have been 
recommended by the China National Health Commission 
[9]. As noted by Zheng et al., studies have commonly used 
the following discharge criteria: (1) two consecutive nega-
tive RT-PCR tests; (2) improvements in chest radiography 
or chest CT; (3) improvement in clinical symptoms, vitals, 
and laboratory studies; and (4) corticosteroids completely 
discontinued for more than 1 week with the other criteria 
met. However, these criteria are not uniform across stud-
ies. For instance, the interval time between negative RT-
PCR tests can be between 24 and 96 h or longer. Improve-
ment in imaging findings may include reduction in the 
number and size or resolution of GGOs, decrease in the 
consolidation density, melted sugar sign (gradual reduc-
tion in the density of pulmonary consolidation and transi-
tion to ground glass opacity), and residual fibrous stripes/
fibrotic bands. Clinical improvement may be defined as (1) 
normal body temperature for three to seven days or longer; 
(2) normal blood oxygen saturation without supplemental 
oxygen; (3) normal laboratory studies; and (4) sympto-
matic improvement [10]. These criteria do not include pul-
monary function testing or spirometry. Notably, Mo et al. 
find that, while meeting the criteria at discharge, patients 
demonstrated reduced carbon monoxide diffusion capacity 
(DLCO) and predicted total lung capacity (TLC). Patients 
in the severe pneumonia group had significantly reduced 
DLCO and TLC compared to both the mild illness and 
pneumonia groups. Furthermore, the blood oxygen satura-
tion was not different across the mild illness, pneumonia, 
and severe pneumonia groups [11].

Despite these discharge criteria, studies have shown 
laboratory and clinical abnormalities, persistent and/or 

relapsing. Cases of RT-PCR positivity after hospital dis-
charge have been reported [9, 10, 12]. RT-PCR testing of 
the lower respiratory tract may show positivity for up to 
two weeks, while testing urine or stool may show positiv-
ity for up to four weeks. Other laboratory abnormalities 
include progressive lymphopenia and progressive neutro-
philia. Relapsing clinical features include fever, cough, 
fatigue, dyspnea, and shortness of breath [10]. In Xing 
Y et al., two medical staff who contracted and recovered 
from COVID-19 infection underwent multiple repeat RT-
PCR testing for up to 12 days post-discharge. Although 
both cases reported no symptoms, RT-PCR showed weakly 
positive in two instances and positive in one instance for 
each case [12]. In Dou et al., a father and his daughter both 
hospitalized with COVID-19 were both discharged on Feb-
ruary 9. Both met the criteria of two consecutive negative 
RT-PCR tests with at least 24 h interval at discharge. The 
father and daughter were in isolation at home for 17 days 
until February 26 when they each received an additional 
RT-PCR test and HRCT. Both follow-up RT-PCR tests 
were positive. While significantly improved from the last 
CTs of their hospital admissions, both follow-up CT scans 
showed persistent abnormalities. The study notes no evi-
dence of reinfection or person-to-person transmission [9]. 
In Fu W et al., three patients previously discharged tested 
positive on subsequent RT-PCR, prompting readmission 
although asymptomatic. The times from the first discharge 
to second readmission were 7, 12, and 9 days. During 
readmission, the repeat HRCT of case 2 showed residual 
airspace opacity. Repeat HRCTs of case 1 and 3 showed 
no residual pulmonary opacity. Repeat antibody testing 
showed negative IgM and positive IgG for all patients. 
At the second discharge, they again had two consecutive 
negative RT-PCR tests, were discharged, and were encour-
aged to isolate for 14 days in a hotel [13].

Histologically, Yao et al. illustrate that even in a COVID-
19 patient anticipating discharge, there is pathological evi-
dence for residual abnormalities after recovery. In their 
case report, an elderly COVID-19 patient met criteria and 
expected discharge when she suddenly experienced a fatal 
cardiac arrest. Although nasopharyngeal RT-PCR testing 
was negative, further testing on lung sections showed clear 
viral particles in bronchiolar epithelial cells and type II 
alveolar epithelial (AE) cells. Biopsy demonstrated diffuse 
alveolar damage, desquamation of type II AE cells, fibrin 
exudation, hyaline membranes, scattered interstitial inflam-
mation, monocytes, macrophages, and chronic respiratory 
disease-associated changes. Yao XH noted that these abnor-
malities are similar to findings in patients with SARS and 
MERS [14].
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Radiologic findings of COVID‑19 
at and after discharge

Studies on radiologic progression of severe COVID-19 
infection categorize the timeline of imaging findings any-
where from two to six stages with highly variable interval 
times and number of repeat CT scans. Pan et al. found that 
patients who had one interval CT scan after 3–14 days 
demonstrated significant changes in imaging manifesta-
tion. The findings include worsening GGOs (multifocal 
or solitary) or consolidations and development of fibrotic 
bands, organizing pneumonia, and solid nodules. Imag-
ing signs of improvement included shrinking opacities and 
nodules and melted sugar signs [15]. Although Chen et al. 
do not divide the radiologic progression of COVID-19 into 
stages, patients who underwent repeat imaging showed 
median times of 7 and 14 days after admission for wors-
ening and improvement, respectively, on CT. All patients 
underwent chest radiograph or chest CT on admission [2]. 
Shi et al. divide COVID-19 infection into four stages by 
weeks after symptom onset (group 1 = subclinical, group 
2 = first week, group 3 = second week, group 4 = third 
week). Group 4 showed GGOs, reticular patterns, bron-
chiolectasis, pleural thickening, and pleural effusions [16].

In a retrospective study, Liang et al. characterized CT 
findings semiquantitatively by assigning a severity score 
based on abnormalities occupying percentages of lung 
lobes. All cases for this study were classified as mild 
COVID-19 pneumonia per the WHO definition. Patients 
were categorized into five groups over time: group 1 (days 
0–3), group 2 (days 4–7), group 3 (days 8–10), group 4 
(days 11–14), and group 5 (days 15–21). There was a sig-
nificant decreasing trend in patients with both GGOs and 
consolidation over 21 days, but there was a significant 
increasing trend in patients with GGOs, consolidation, and 
linear opacities. However, total lung CT scores were not 
statistically significant over time, although abnormalities 
tended to involve more lobes and become bilateral within 
the first 2 weeks of disease onset. Only 5 patients were 
known to have been discharged from the hospital [17].

In a similar study, Ding et al. used the same semiquanti-
tative severity score, but found different results. This study 
divided patients into 6 stages: stage 1 (0–4 days), stage 2 
(5–9 days), stage 3 (10–14 days), stage 4 (15–21 days), 
stage 5 (22–28 days), and stage 6 (> 28 days). Contrary to 
the previous study, differences in CT scores were signifi-
cant over time, but only in certain lobes. Lower lobes of 
the lungs were more frequently involved, with significantly 
higher CT scores at any stage except stage 1. Lesions 
gradually spread from the periphery to the center of the 
lungs. Frequency of GGOs, consolidation, crazy-paving 
pattern, and linear opacities tended to decrease over time. 

However, at stage 6, 98.1% of all CT scans still showed 
abnormalities [18].

Pan et al. take the semiquantitative severity scores further 
by fitting a curve to the scores of hospitalized COVID-19 
patients over time. Severe cases were excluded. Patients 
were staged as early stage (0–4 days), progressive stage 
(5–8 days), peak stage (9–13 days), and absorption stage 
(≥ 14 days) based on CT score quartiles. Peak lung involve-
ment was at 10 days with a CT score of 6 with improvement 
after 14 days. The bilateral lower lobes scored significantly 
higher versus the all other lobes and in the peak and absorp-
tion stages. During the absorption stage, GGOs and con-
solidations were observed to absorb. However, based on the 
fitted curve on total CT scores, the absorption stage extended 
past 26 days (the last day of follow-up for one patient) [19].

Despite the diversity in staging COVID-19 clinically 
and radiologically, Jin et al. created a rapid advice guide-
line based on the current literature. Based on CT imaging, 
they categorize COVID-19 infection into 5 stages, the last 
termed a “dissipation stage.” During the dissipation stage 
(roughly 2–3 weeks after symptom onset), the range of 
lesions reduced, but did not completely resolve. Charac-
teristic findings included patchy consolidation, interlobular 
septal thickening, and thickening of bronchial walls. The 
criteria for discharge include (1) body temperature within 
normal for ≥ 3 days, (2) improved respiratory symptoms, (3) 
obvious signs of absorption in the lungs, (4) two consecutive 
negative RT-PCR tests with at least 1 day sampling interval, 
and (5) ability to discontinue isolation. This rapid advice 
guideline does not provide recommendations on follow-up 
after discharge [8].

Possibility of long‑term pulmonary 
abnormalities

The literature reports some consistency in the clinical 
and radiological status of COVID-19 patients at and after 
discharge. In general, most studies use the same four dis-
charge criteria, but there are inconsistencies in the interval 
timing of repeat RT-PCR testing and the duration of nor-
mal clinical plus laboratory values [10]. Multiple studies 
find 10 days as the peak of clinical and radiological sever-
ity as well as 14 days as a common point for beginning 
improvement. As mentioned above, several studies use the 
same chest CT severity scoring system, but only one fits 
a curve to the data to predict the possible long-term dura-
tion of radiological findings [19]. Up to 98.1% of all chest 
CTs will show abnormalities at > 28 days since symptom 
onset [18], and many case reports with post-discharge sur-
veillance chest CTs still show abnormalities even though 
improved [9, 13]. Clinical and radiological staging is still 
variable across many studies. Considering the radiological 
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data, imaging abnormalities are highly likely to persist in 
recovered COVID-19 patients. Our limited observations 
of new survivors are consistent with those in other studies 
(Figs. 1 and 2). How long these imaging abnormalities 
persist has yet to be investigated, but these data support 
long-term pulmonary consequences that we speculated in 
previous reviews [5–7].

Although the severity of CT findings do not always cor-
relate with severity of clinical manifestations [20, 21], there 
is evidence that COVID-19 is far from over at hospital 
discharge. However, it is still unclear whether patients are 
still contagious and whether lung damage is still occurring. 
For instance, given positive IgG levels after discharge [13], 
where patients fall in the timeline of humoral response to 

Fig. 1   A 64-year-old woman 
presented with myalgia and 
low-grade fever to the emer-
gency department. Baseline CT 
examination showed multifocal 
patchy ground glass opacities 
and interlobular septal thicken-
ing (a, b). The diagnosis of 
COVID-19 was confirmed later 
by RT-PCR. Follow-up imaging 
35 days after initial CT dem-
onstrated residual pure ground 
glass opacity without focal 
pleural thickening (c, d)

Fig. 2   A 44-year-old man with shortness of breath, cough and fever 
was referred to us for non-contrast chest CT. Multifocal bilateral 
peripheral ground glass opacities were identified (a, b), consistent 
with COVID-19. He returned for follow-up imaging 34 days after the 

initial presentation. Follow-up non-contrast chest CT demonstrates 
residual pulmonary opacities and fibrotic bands involving peripheral 
bilateral lung bases (c–e)
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SARS-CoV-2 remains unknown. On pathology, the observed 
signs of chronic lung damage and presence of SARS-CoV-2 
particles at discharge suggest long-term pulmonary conse-
quences. For example, these findings were observed in one 
case at one time point postmortem [14]. Also, in a recent 
publication in Lancet Infectious disease [22], a total of eight 
COVID-19 patients who died from the disease were under-
gone postmortem histopathologic evaluation of tissue sam-
ples obtained by cryobiopsy within 30 min of death. The 
authors reported significant fibrotic pulmonary parenchy-
mal remodeling, as characterized by fibroblast proliferation, 
micro-honeycombing, and airspace obliteration. Although 
intriguing, lung biopsies place patients at high risk of pneu-
mothorax and are impractical. However, a recent report of 
transbronchial biopsy in a 61-year-old female COVID-19 
patient demonstrated organizing pneumonia [23], which is 
a different pathology than fibrotic bands (Fig. 2). To our 
knowledge, no other studies have performed repeat lung 
biopsies for post-discharge surveillance. Most studies per-
form repeat HRCTs, but given the inherent radiation, there 
may be a role for low-dose or ultra-low-dose CTs in longitu-
dinal follow-ups [24]. This is important to understand organ-
izing pneumonia can develop either an active or aberrant 
pulmonary repair or recovery process during the evolution 
of COVID-19 [25]. Like any other etiology of organizing 
pneumonia, the imaging manifestation may include pulmo-
nary consolidations and opacities in peri-bronchovascular or 
peri-lobular distribution, reticulation, bronchiectasis, inter-
stitial or airspace nodules, interlobular septal thickening or 
even the reversed halo sign and the halo sign [26]. However, 
no large sample longitudinal follow-up of patients recov-
ered from COVID-19 has been reported to date to provide 
a statistical estimate of the prevalence of different imag-
ing manifestations, such as organizing pneumonia, fibrotic 
bands, reticulation, or honeycombing. Whether there is any 
overlap between the residual pulmonary consequences of 
COVID-19 pneumonia and non-specific interstitial pneu-
monia (NSIP) or usual interstitial pneumonia (UIP) is not 
known yet. In addition, there is a surprising lack of pulmo-
nary function testing and spirometry in patients at and after 
discharge. Considering the findings from Mo et al.—that 
DLCO and TLC can be reduced despite meeting discharge 
criteria—residual pulmonary dysfunction is expected. Also, 
because blood oxygen levels were normal across all mild 
illness, pneumonia, and severe pneumonia groups in the 
study [11], it is possible that current discharge criteria are 
insufficient and/or inaccurate in determining pulmonary and 
functional status.

Chest radiographs can also be employed for the follow-up 
imaging of patients recovered from COVID-19; however, 
subtle parenchymal changes might not be detected on radio-
graphs due to lower tissue resolution and overlapping tissues 
obscuring underlying pulmonary alterations. In fact, CT is 

a more sensitive means of evaluation of pulmonary paren-
chymal distortion. However, the choice of imaging modality 
depends on the clinical scenario and healthcare resources 
[27–30].

Given this scattering of data, methodology, and inter-
pretations, long-term consequences of COVID-19 infection 
are difficult to predict. Indeed, expert opinions on practice 
guidelines and rehabilitation have been proposed [5–8, 10, 
27], but all have yet to be validated in sufficiently powered 
longitudinal studies. Although current healthcare systems 
continue to see overwhelming numbers of new COVID-19 
cases, more longitudinal studies are needed. The progression 
of COVID-19 clinically and radiologically remains uncertain 
[31, 32], but there is some evidence that consequences can 
persist for more than a month. Even if patients are found to 
be asymptomatic weeks or months after discharge, the possi-
bility of insidious infection or persistent infectivity cannot be 
ruled out. In addition, residual abnormalities in pulmonary 
function and radiologic findings will be pertinent in long-
term management of patients for many years to come. This 
can be even more prominent and common in patients with 
underlying pulmonary or extra-pulmonary diseases [33–36]. 
Post-discharge surveillance and monitoring will be neces-
sary to avoid a cohort with chronic or permanent lung dam-
age. Thus, continued surveillance of discharged COVID-19 
patients with repeat pulmonary function testing, RT-PCR, 
and HRCT is recommended.
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