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We conducted a multicenter, observational, 12-month
follow-up study to identify the extended health burden
of severe COVID-19 pneumonia by characterizing long-
term sequelae of acute infection in participants previous-
ly enrolled in clinical trials for severe COVID-19 pneu-
monia requiring hospitalization. Overall, 134 (77.5%)
of 173 participants completed the study. At 12 months,
51 (29.5%) participants reported cough, 60 (34.7%) re-
ported dyspnea, 56 (32.4%) had residual lung texture
abnormalities on high-resolution computed tomography
scans, 26 (15.0%) had impaired forced vital capacity,
52 (30.1%) had cognitive impairment, and 77 (44.5%)
reported fatigue. Disease severity during acute infection
and age were associated with persistent lung texture ab-
normalities; history of hypertension was associated with
higher prevalence of fatigue and more frequent dyspnea
and cough; and age and obesity were associated with
long-term cognitive impairment. Our findings underscore
the long-term health burden of severe COVID-19 pneu-
monia, reinforcing the importance of regular monitoring
in older persons and those with underlying illnesses.

OVID-19, attributable to SARS-CoV-2, has been
a considerable cause of acute lung injury, multi-
organ failure, and death (1,2). With advances in vac-
cines and treatments, the incidence of severe out-
comes has decreased; however, COVID-19 remains
a public health concern (3). Some patients have
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reported prolonged symptoms after recovering
from acute COVID-19, including fatigue, respiratory
symptoms, cardiovascular symptoms, and abnormal-
ities in cognitive function (4-6). Early clinical trials
during the COVID-19 pandemic provided valuable
data on novel therapeutic strategies aimed at reduc-
ing the illness and death associated with acute severe
COVID-19 pneumonia; however, long-term outcomes
are underreported (7-11).

Long-term respiratory, cardiovascular, and neu-
rologic sequelae develop in some patients who have
had severe COVID-19 pneumonia requiring invasive
mechanical ventilation or intensive care unit admis-
sion (4-6). Pulmonary complications, such as a reduc-
tion in the diffusing capacity of the lungs for carbon
monoxide (DLCO) and radiologic abnormalities,
might persist for months (12). Mechanical ventilation
for the treatment of severe COVID-19 pneumonia has
been linked to the development of pulmonary fibro-
sis and worsening of underlying interstitial lung dis-
ease (ILD) (13). Cardiovascular complications, such
as myocarditis, heart failure, and arrhythmias, have
also been observed after COVID-19, possibly result-
ing from viral invasion of myocardial tissue, sys-
temic inflammation, and microvascular damage (14).
Patients with underlying cardiovascular disease are
particularly at risk for severe outcomes and have pro-
longed recovery periods (15). Neurologic sequelae,
including cognitive impairment, headaches, and pe-
ripheral neuropathy, have been reported in patients
recovering from severe COVID-19 (5,16). Neurotropic
properties of the virus and effects of systemic inflam-
mation and hypoxia are thought to contribute to long-
term neurologic issues (17). To identify the extended
health burden of patients hospitalized with severe
COVID-19 pneumonia, we conducted the Long-Term
Outcomes Post-Acute COVID-19 (LOPAC) study,
a multicenter, observational, 12-month follow-up
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study that explored long-term respiratory, cardiac,
and neurocognitive sequelae occurring after acute
COVID-19 pneumonia.

Methods

Participants and Assessments

Persons >18 years of age were eligible for enroll-
ment in the LOPAC study if they had participated in
a Genentech/Roche-sponsored parent study while
hospitalized for COVID-19 pneumonia. The parent
studies were clinical trials (registered with https://
www.clinicaltrials.gov) as follows: EMPACTA (study
no. NCT04372186), COVACTA (no. NCT04320615),
MARIPOSA (no. NCT04363736), COVASTIL (no.
NCT04386616), and REMDACTA (no. NCT04409262)
(7-11). The parent studies recruited patients from a
total of 15 countries. The LOPAC study was a fol-
low-up to the parent studies that participants could
opt into; no investigational drugs were evaluated in
the LOPAC study. Participants provided written in-
formed consent, and the study was conducted in ac-
cordance with the Declaration of Helsinki and Good
Clinical Practice. The protocol was approved by in-
stitutional review boards or independent ethics com-
mittees at each study site.

We defined baseline as the time of enrollment in
the LOPAC study and conducted the baseline study
visit after participants completed or discontinued
their participation in the parent study; longitudinal
study visits occurred every 3 months for 12 months
(Figure 1). Key clinical measures were high-resolution
computed tomography (HRCT), echocardiogram,
and Montreal Cognitive Assessment (MoCA) per-
formed at baseline and month 12; pulmonary func-
tion tests performed in a clinic every 3 months; and
patient-reported outcomes recorded every 6 months.
We assessed patient-reported outcomes by using the
Short-Form 36 Question Health Survey version 2 (SF-
36v2; Quality Metric, https://www.qualitymetric.
com) and the Modified Living with Idiopathic Pul-
monary Fibrosis (L-IPF-M) (18) symptoms question-
naires. We assessed healthcare resource utilization

Time interval varied greatly across participants
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at each visit. We analyzed blood samples for SARS-
CoV-2 antibodies every 6 months and for the MUC5B
promoter variant rs35705950 (an allele associated
with risk for idiopathic pulmonary fibrosis) at 1 visit.
WorldCare Clinical, LLC (https://www.voiantclini-
cal.com), conducted and managed independent cen-
tralized reads for HRCT scans and echocardiograms,
which were also assessed by independent thoracic
and cardiology readers. Participants had the option
to consent to additional study assessments, includ-
ing 6-minute walk tests (6MWTs), Borg dyspnea and
fatigue scales, home spirometry, and daily monitor-
ing of activity, heart rate, and sleep patterns through
a wearable device (Appendix, https://wwwnc.cdc.
gov/EID/article/31/6/24-1097-Appl.pdf).

Statistical Analyses

We reported categorical variables as counts and
percentages. We reported percentages by using the
total analysis population (to account for missing
data at later visits) and continuous variables by us-
ing mean (SD) or median with range (minimum-
maximum) or interquartile range. We considered
data to be missing if obtained outside the assess-
ment window, the assessment was performed but
results were not evaluable, or the assessment was
not performed at a study visit. Longitudinal analy-
ses were descriptive and prespecified. We did not
apply imputation methods.

To assess associations between lung texture ab-
normalities and selected pulmonary function tests
(forced vital capacity [FVC], forced expiratory volume
in 1 second [FEV,], and DLCO corrected for hemoglo-
bin), we stratified summary statistics (mean [SD] of
percent-predicted values) according to HRCT lung
texture abnormality status at concurrent visits. We
also stratified longitudinal FVC according to baseline
FVC status; we defined abnormal FVC at baseline as
<80% of the predicted value and normal as >80% of
predicted value. We performed this analysis in the
overall study population and in the subgroup of par-
ticipants who attended all visits during baseline to
month 12. We reported mean FVCs and 95% Cls.

Baseline

Parent study Long-term follow-up study
Day 60  psaeine Month 12
‘ Acute infection ‘ Follow-up (up to 12 months)
‘ Genentech/Roche controlled study H Observational: repeated measures of clinical and patient-reported outcomes
n=173 n=134

Figure 1. LOPAC study design to determine long-term clinical outcomes of adults hospitalized for COVID-19 pneumonia. Parent studies
were sponsored by Genentech (https://www.gene.com) and Roche (https://www.roche.com). LOPAC, Long-Term Outcomes Post Acute

COVID-19.
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We summarized L-IPF-M questionnaire respons-
es by using mean patient-reported scores for each
symptom domain: dyspnea (7 questions), cough-
ing (5 questions), and fatigue (3 questions). Scores
ranged from 0 to 3; the lowest score corresponded
to no symptoms, and a higher score corresponded
to greater symptom severity (18). We analyzed the
proportion of participants with no symptoms (mean
score 0) versus any symptom level (mean score 1-3).
We summarized SF-36v2 scores by using the median
for each of 8 domains: general health, mental health,
physical functioning, bodily pain, role-emotional,
role-physical, social functioning, and vitality; we
defined normal as a score >50 points (range 0-100
points) for each domain (19).

We assessed associations between selected end-
points (lung outcomes, cognition, patient-reported
outcomes) and selected medical history at LOPAC
baseline to supplement the prespecified analyses. We
stratified summary statistics according to the pres-
ence or absence of each selected medical condition
and tested for significance by using a % test, Student
t-test, or Welch t-test. We also tested those endpoints
for associations with age (>65 years) and disease se-
verity during the COVID-19 acute phase (>4 on the
ordinal scale at baseline of the parent study, requir-
ing high-flow oxygen, invasive ventilation, or ad-
ditional life support). Those analyses did not adjust
for measured confounders, and we did not apply
multiple testing adjustment. We used SAS version
9.4 (SAS Institute, Inc., https:/ /www.sas.com) and R
version 4.1.0 (The R Project for Statistical Computing,
https:/ /www.r-project.org) for analyses.

For descriptive purposes, we further summa-
rized baseline characteristics and a subset of key
study endpoints according to the treatment arm that
participants were randomly assigned to in the par-
ent studies. That summary resulted in 3 cohorts of
LOPAC study participants: those who received to-
cilizumab as a study drug (including participants
randomly assigned to receive tocilizumab and rem-
desivir), those who received a study drug other
than tocilizumab (i.e., remdesivir, astegolimab, or
efmarodocokin alfa), and those who received pla-
cebo. However, the LOPAC study was not designed
to compare the long-term efficacy of tocilizumab
versus other study drugs or placebo; therefore, we
made no formal comparisons.

Results

We enrolled 173 participants from 29 centers in the
United States, Kenya, and Peru who had been previ-
ously hospitalized for COVID-19 pneumonia and had
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participated in 1 of the 5 parent studies. Of the 173
participants, 134 (77.5%) completed and 39 (22.5%) did
not complete the LOPAC study (Figure 2). Of the 173
enrolled participants, 94 had been randomly assigned
to receive tocilizumab, 41 had been assigned to receive
another study drug, and 38 had been assigned to re-
ceive placebo in the parent study. Of the 94 partici-
pants who had been randomly assigned to receive to-
cilizumab in the parent study, 58 had been assigned to
receive tocilizumab only, and 36 had been assigned to
receive tocilizumab plus remdesivir. Overall, the rea-
sons for early discontinuation from the LOPAC study
were participant withdrawal (n = 18), loss to follow-up
(n = 17), physician decision (n = 2), death (n = 1), and
other (n = 1). Early discontinuation occurred in 28.7%
(27/94) of participants randomly assigned to receive
tocilizumab, 12.2% (5/41) of participants randomly as-
signed to receive another study drug, and 18.4% (7/38)
randomly assigned to receive placebo (Figure 2).

We recorded demographics and clinical charac-
teristics of the study participants (Appendix Table 1).
The mean age of participants was 56.3 + 11.9 years. The
most common underlying illnesses were hyperten-
sion (63.0%), obesity (46.8%), hyperlipidemia (43.9%),
diabetes (35.3%), and asthma (11.0%). At the time of
enrollment in the parent studies, 158 (91.3%) partici-
pants were not on mechanical ventilation, whereas 15
(8.7%) required mechanical ventilation or extracor-
poreal membrane oxygenation. At the completion of
the parent study, almost all (97.4%) participants were
discharged or ready for discharge from the hospital.
The median duration of hospital stay during the par-
ent study was 11 (range 3-74) days, and the median
time from finishing the parent study to enrolling in
LOPAC was 155 (range -1 to 338) days. At the time of
enrollment in the LOPAC study, 2 (1.2%) participants
required supplemental oxygen.

HRCT Lung Texture Abnormalities and

Impaired Pulmonary Function

At least 1 lung texture abnormality on HRCT scan
was evident in 91 (52.6%) participants at baseline
(i.e., at enrollment into the LOPAC study) and 56
(32.4%) participants at month 12 (Table 1). Ground-
glass opacification was the most frequently observed
abnormality, found in 86 (49.7%) participants at base-
line and 51 (29.5%) participants at month 12. Other
lung texture abnormalities were reticular pattern in
15 (8.7%) participants at baseline and 10 (5.8%) at
month 12, bronchiectasis in 12 (6.9%) participants at
baseline and 7 (4.0%) at month 12, and hyperlucency
in 2 (1.2%) participants at both time points. No par-
ticipants had honeycombing at baseline or month 12.
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EMPACTA COVACTA MARIPOSA COVASTIL REMDACTA
n = 389* n = 452* n=100* n =410* n = 649*
n =41t n = 33" n=>5" n = 39t n = 55t

v

Enrolled in LOPAC
n=173*%

Received TCZ in Received other study
parent study drugs in parent study
n=94 n=41

Discontinued LOPAC

Received placebo
in parent study
n=238

n =27 (28.7%)

Completed LOPAC
n = 36 (87.8%)

Completed LOPAC
n =67 (71.3%)

Discontinued LOPAC
n=5(12.2%)

Completed LOPAC
n =31(81.6%)

Discontinued LOPAC
n=7(18.4%)

Figure 2. Disposition of LOPAC study participants in study of long-term clinical outcomes of adults hospitalized for COVID-19
pneumonia. The parent studies were clinical trials (registered with https://www.clinicaltrials.gov) as follows: EMPACTA (study no.
NCT04372186), COVACTA (no. NCT04320615), MARIPOSA (no. NCT04363736), COVASTIL (no. NCT04386616), and REMDACTA
(no. NCT04409262). Participants might have received remdesivir or another antiviral drug as part of the standard of care in the
EMPACTA, COVACTA, and MARIPOSA studies. Participants who were randomly assigned to receive placebo, astegolimab, or
efmarodocokin alfa might have also received TCZ or remdesivir or both as part of the standard of care in the COVASTIL study.

Participants randomly assigned to receive TCZ or placebo in the REMDACTA study also received remdesivir. “Number of participants in
each parent study; tnumber of participants from each parent study who participated in the LOPAC study; 1 participant initially enrolled
in the LOPAC study did not receive treatment in the parent study and was not included in any analyses for the parent or LOPAC study.

LOPAC, Long-Term Outcomes Post Acute COVID-19 study; TCZ, tocilizumab.

Of the 173 participants, 54 (31.2%) had >1 lung
abnormality at baseline that was still present at
month 12, and 55 (31.8%) had no abnormality at ei-
ther time point (Figure 3). Six (3.5%) participants
who had >1 lung texture abnormality at base-
line showed resolution at month 12, whereas >1
lung abnormality had developed at the 12-month

follow-up in 2 (1.2%) participants who had no ab-
normalities at baseline.

At baseline, the mean FVC was 84.5% + 16.6%,
and the mean FEV, was 87.8% #+ 19.9%. FVC and
FEV, remained stable across the 12-month follow-up
period; the mean change from baseline to month 12
was 2.8% + 9.1% for FVC and 1.7% + 10.3% for FEV,.

Table 1. Proportion of participants with lung texture abnormalities on HRCT scan in LOPAC study of long-term clinical outcomes of

adults hospitalized for COVID-19 pneumonia*

No. (%) participants

HRCT characteristics LOPAC study, baseline LOPAC study, month 12
Participants with >1 lung texture abnormality 91 (52.6) 56 (32.4)
Ground-glass opacification 86 (49.7) 51 (29.5)
Reticular pattern 15 (8.7) 10 (5.8)
Bronchiectasis 12 (6.9) 7 (4.0)
Hyperlucencyt 2(1.2) 2(1.2)
Honeycombing 0 0
Participants with no lung texture abnormalityf 71 (41.0) 62 (35.8)
Participants with missing data 11(6.4) 55 (31.8)

*Total number of participants enrolled in the LOPAC study was 173. HRCT, high-resolution computed tomography; LOPAC, Long-Term Outcomes Post

Acute COVID-19.

tRadiographic evidence of hyperlucency was assessed as unknown in 1 participant’s baseline and month 12 HRCT images. This participant was
considered to have radiographic evidence of hyperlucency at baseline and month 12.
FParticipants were considered to have no lung texture abnormality if there was no radiologic evidence of ground-glass opacification, reticular pattern,

bronchiectasis, hyperlucency, or honeycombing on HRCT scan.

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 31, No. 6, June 2025

1161


http://www.cdc.gov/eid
https://www.clinicaltrials.gov

RESEARCH

Figure 3. Numbers of participants
with >1 lung texture abnormality
at baseline and at month 12

in study of long-term clinical
outcomes of adults hospitalized
for COVID-19 pneumonia.

Data are shown for a total of
173 participants enrolled in

the Long-Term Outcomes Post
Acute COVID-19 study. Colors
indicate whether the lung texture
abnormality was present or
absent. Baseline and month

12 columns indicate the no.

(%) participants who had >1

lung texture abnormality at that
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time point. Numbers between
those columns indicate lung
abnormalities that persisted,
developed, or resolved by
month 12.

Baseline

[
Month 12

Among 90 participants with DLCO measurements
available at baseline, the mean was 83.3% + 21.1%;
DLCO remained stable with a mean change from
baseline of 1.8% + 13.8% at month 12.

For most participants who had normal FVC at
baseline, FVC appeared to remain stable, and the
mean change from baseline appeared to be minimal
during the 12-month follow-up (Figure 4, panels A,
B). Many participants with abnormal FVC at baseline
had an abnormal FVC at the 12-month visit; how-
ever, the mean change from baseline to 12 months
improved overall. In participants with abnormal
baseline FVC who completed the month 12 visit, the
mean change from baseline in FVC was 7.3% (Figure
4, panel B). Longitudinal 95% CI of the mean FVC
and FVC change from baseline (stratified by baseline
FVC) showed consistent results (Appendix, Appen-
dix Figures 1, 2). We observed an inverse association
between DLCO and lung texture abnormalities; we
did not observe associations between lung texture
abnormalities and FVC or FEV, (Appendix Table 2).

Participants who had more severe acute infec-
tion (ordinal scale score >4) at enrollment in the par-
ent study were more likely to have >1 lung texture
abnormality on HRCT scan (62/101 [61.4%]) than
those who had an ordinal scale score of <4 (29/72
[40.3%]); that finding was still apparent at month
12 for participants with scores >4 (41/101 [40.6%])
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versus those with scores <4 (15/72 [20.8%]) (Appen-
dix Figure 3, panel A). Participants >65 years of age
were more likely to have lung texture abnormali-
ties through month 12 (Appendix Figure 3, panel B).
Participants with a history of hypertension tended
to have lower median FVC at LOPAC baseline; how-
ever, by month 12, no apparent difference in median
FVC between participants with or without a history
of hypertension was observed (Appendix Figure
4). No association was detected between MUC5B
promoter allele status and the presence of >1 lung
texture abnormality or FVC abnormality at baseline
or month 12 (Appendix, Appendix Table 3). Some
numeric differences were observed in pulmonary
function and lung texture abnormalities between
the 3 treatment cohorts (participants who received
tocilizumab as a study drug, those who received a
study drug other than tocilizumab, and those who
received placebo in the parent studies) (Appendix
Tables 4, 5).

Cardiac Function

Overall, cardiac function was unremarkable at base-
line and did not deteriorate by month 12. Mean left
ventricular ejection fraction was 61.8% + 8.0% at base-
line for 156 participants and 63.1% + 8.6% at month
12 for 115 participants with evaluable results (refer-
ence range 52%-72% for male patients, 54%-74% for
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Figure 4. Box plots of
longitudinal FVC profiles from
the Long-Term Outcomes
Post Acute COVID-19 study of
adults previously hospitalized
for COVID-19 pneumonia. A)
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female patients). Mean pulmonary artery pressure
was 13.7 + 4.5 mm Hg at baseline for 43 participants
and 12.5 + 2.9 mm Hg at month 12 for 36 participants
with evaluable results (reference range <25 mm Hg).
At baseline, 142 (82.0%) participants had unimpaired
right ventricular systolic function (RVSF) (evaluated
either by endocardial tracing or by medical assess-
ment), 10 (5.8%) had mild impairment, 1 (0.6%) had
severe impairment, and 20 (11.6%) had missing re-
sults (Table 2). At month 12, a total of 98 (56.6%) par-
ticipants had unimpaired RVSF, 13 (7.5%) had mild
impairment, and 62 (35.8%) had missing results. The
participant with severe RVSF impairment at baseline
was lost to follow-up at month 12.
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Cognitive Impairment
At baseline, the median MoCA score was 25 (range
9-30), and 87 (50.3%) of 173 participants exhibited
cognitive impairment, indicated by MoCA scores
below the threshold of 26. At month 12, a total of
52 (30.1%) participants had a MoCA score of <26,
and 60 (34.7%) participants were missing from the
assessment. For 113 participants who had MoCA
scores assessed at both baseline and month 12, the
median score increased by 1 point (range —9 to 10)
by month 12.

Overall, 49 (28.3%) of 173 participants were
>65 years of age. That age group had a lower mean
change (—0.3) in MoCA scores from baseline to month
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12 than participants who were <65 years of age (1.1)
(p = 0.043). An association was observed between a
change in MoCA score and obesity (p = 0.007) (Ap-
pendix Figure 5). Mean and median ages were similar
between obese and nonobese participants. We also
calculated median MoCA scores for the 3 treatment
cohorts from the parent studies (Appendix Table 6).

Patient-Reported Outcomes and Respiratory Symptoms
At baseline, the median SF-36v2 questionnaire scores
for all 8 domains (general health, mental health, phys-
ical functioning, bodily pain, role-emotional, role-
physical, social functioning, and vitality) were >50
points (score range 0-100 points) for each domain; a
score of 50 is the considered the threshold for a nor-
mal SF-36v2 score (19) (Figure 5, panel A). Lower
median scores were reported for the general health
(62.0), role-physical (62.5), vitality (62.5), bodily pain
(64.0), and physical functioning (68.3) relative to so-
cial functioning (75.0), mental health (80.0), and role-
emotional (83.3) domains. For 117 participants who
completed the SF-36v2 questionnaire at month 12,
median scores consistently increased from baseline
to month 12 across all 8 domains. We also calculated
mean and median scores for vitality, which denotes
the absence of fatigue, for the 3 treatment cohorts
from the parent studies (Appendix Table 7).

At baseline, 119 (68.8%) of 173 participants re-
ported fatigue (lack of energy), 87 (50.3%) reported
coughing, and 94 (54.3%) reported shortness of breath
(dyspnea) on the L-IPF-M questionnaire (Figure 5,

panel B). At month 12, a subgroup of participants still
reported fatigue (44.5%), coughing (29.5%), or dys-
pnea (34.7%). Dyspnea, cough, and fatigue symptoms
were more likely to be reported for participants who
had hypertension at LOPAC baseline than for those
who did not (Appendix Figure 6). Among partici-
pants who remained in the study at month 12, cough
and fatigue were still frequently reported in those
with hypertension compared with those without hy-
pertension. We prepared descriptive summaries of
healthcare resource utilization, weekly average walk-
ing duration, heart rate, and sleep duration (Appen-
dix Table 8; Appendix Figure 7); further analysis is
warranted to identify potential trends in those data.

Discussion
We investigated long-term outcomes in the 12-month
LOPAC follow-up study conducted with 173 partici-
pants who had been hospitalized for COVID-19 pneu-
monia and had participated in a Genentech/Roche-
sponsored intervention parent trial. At baseline in the
LOPAC study, >50% of participants had abnormali-
ties on HRCT scans and #33% had lung function im-
pairment. The high prevalence of lung abnormalities
at baseline, measured at a median of 155 days after
participants completed the parent study, aligns with
postacute COVID-19 syndrome and meets the defini-
tion for long COVID (20-22).

During the 12-month follow-up, a subgroup of
participants continued to exhibit clinical and radio-
logic abnormalities indicative of long-term COVID-19

Table 2. RVSF at baseline and month 12 of LOPAC study of long-term clinical outcomes of adults hospitalized for COVID-19

pneumonia*

RVSF characteristics

No. participants (%)

LOPAC study, baseline LOPAC study, month 12

Evaluable by endocardial tracingt 74 (42.8) 58 (33.5)
Normalf 71 (41.0) 56 (32.4)
Mildly impaired 2(1.2) 2(1.2)
Severely impaired 1(0.6) 0§

Not evaluable by endocardial tracing (medical assessment only){ 84 (48.6) 59 (34.1)
Normalf 71 (41.0) 42 (24.3)
Mildly impaired 8 (4.6) 11 (6.4)
Severely impaired 0 0

Total evaluable 158 (91.3) 117 (67.6)
Normalf 142 (82.0) 98 (56.6)
Mildly impaired 10 (5.8) 13 (7.5)
Severely impaired 1(0.6) 0§

Participants with missing data 20 (11.6) 62 (35.8)
Assessment done, not evaluable by endocardial tracing or 5(2.9) 6 (3.5)
medical assessment
Assessment done, not in window 2(1.2) 15 (8.7)
Assessment not done 13(7.5) 41 (23.7)

*Total number of participants enrolled in the LOPAC study was 173. LOPAC, Long-Term Outcomes Post Acute COVID-19; RVSF, right ventricular systolic

function.

TRVSF was measured by echocardiogram endocardial tracing, and the impairment level was assessed qualitatively by medical personnel.
IRight ventricular fractional area change of >35% was classified as normal RVSF. Assessment of RVSF for 8 observations with right ventricular fractional

area of <35% was obtained by medical personnel in a post hoc assessment.

§Participant who had severely impaired RVSF at baseline was lost to follow-up at month 12.
IRVSF could not be measured by endocardial tracing and was assessed only qualitatively by medical personnel.
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Figure 5. Longitudinal profiles
of patient-reported outcomes
from the Long-Term Outcomes
Post Acute COVID-19 study of
adults previously hospitalized
for COVID-19 pneumonia. A)
Box plots indicate quality of life
assessed by SF-36v2 (Quality
Metric, https://www.qualitymetric.
com). SF-36v2 scores (range
0-100 points) were summarized
by using the median for each of
the 8 indicated domains. Normal
was defined as a score of >50 25
points for each domain. Median °
percentages of participants

within each domain are indicated

at the top. Horizontal lines 0
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upper (third) and lower (first)
quartiles; error bars (whiskers)
indicate minimum and maximum
values. Closed circles indicate
outliers. B) Symptoms of study
participants assessed by the
Modified Living With Pulmonary
Fibrosis Assessment Tool.

Data are shown as no. (%)
participants experiencing each
category of symptoms according
to 173 enrolled participants.
Baseline refers to study
baseline (time of enroliment).
Questionnaire responses were
summarized by using mean
patient-reported scores for each
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0 to 3; the lowest score corresponds to no symptoms and the higher score corresponds to greater symptom severity. SF-36v2, Short

Form 36 Question Health Survey version 2.

sequelae, including abnormal lung texture, impaired
pulmonary function, and symptoms of fatigue, cough-
ing, or shortness of breath. The primary lung texture
abnormality reported in participants in this study
was ground-glass opacification, a nonspecific finding
associated with increased lung density and preserva-
tion of the bronchopulmonary vasculature (23,24).
Ground-glass opacities might be observed in acute
and chronic pulmonary disease and might represent
interstitial or alveolar involvement (or both) (23,25).
Ground-glass opacification in COVID-19 characteris-
tically has a bilateral, peripheral distribution, often in
the posterior lung segments (25). The slow resolution
of ground-glass opacities might suggest the develop-
ment of parenchymal lung disease with ILD features,
triggered or exacerbated by COVID-19 (26). Those

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 31, No. 6, June 2025

findings contrast with previous reports that sug-
gested ILD-like conditions resolve within a year after
SARS-CoV-2 infection (27) and necessitate further in-
vestigation to prevent parenchymal disease progres-
sion and chronicity.

During the acute phase of COVID-19 pneumonia,
an ordinal scale score >4 was recorded for 101 (58.4%)
of 173 LOPAC study participants. That subgroup was
at higher risk for prolonged lung texture abnormali-
ties, consistent with previous reports of increased
risk for parenchymal lung changes and fibrosis in
patients with severe acute COVID-19 pneumonia (28)
who required mechanical ventilation (29-32). Fibrotic
changes after infection with severe acute respiratory
syndrome (33) and Middle East respiratory syndrome
(34) coronaviruses have also been reported.
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In this study, participants who had not required
mechanical ventilation or extracorporeal membrane
oxygenation during acute infection experienced pro-
longed abnormalities in lung function and texture
during follow-up. Older age, a known risk factor for
SARS-CoV-2 susceptibility (35) and poor COVID-19
clinical outcomes (36), was associated with persistent
lung abnormalities and cognitive impairment. Older
age might compromise the immune system and hinder
recovery from COVID-19. Our findings support the
hypothesis that age-related factors, such as immune
response changes and reduced regenerative capacity,
might affect acute and long-term clinical outcomes (37).

The prevalence of respiratory and fatigue symp-
toms was higher in participants with hypertension
than in those without hypertension. Hypertension,
a key component of metabolic syndrome, is a well-
recognized risk factor for severe COVID-19, likely
through dysregulation of the renin-angiotensin-aldo-
sterone system, altered immune responses, gastroin-
testinal disturbances, and increased inflammation; all
of which might have prolonged effects on organs, in-
cluding lungs, heart, and brain, and contribute to per-
sistent symptoms (38). Obese participants exhibited
persistent cognitive impairment compared with non-
obese participants. The association between obesity
and cognitive issues suggests potential links between
metabolic factors, chronic inflammation, and neuro-
logic consequences of COVID-19 (17). Although un-
derlying conditions might influence some aspects of
postacute COVID-19 syndrome, their effects vary de-
pending on the specific examined symptom or health
aspect. Further research will be required to clarify
those associations.

The main contribution of this prospective study
is the longitudinal assessment of lung texture; pul-
monary, cardiac, and cognitive function; quality of
life; and serology that captures detailed and stan-
dardized individual-level data. We also investigated
baseline clinical characteristics and their associations
with key clinical endpoints. However, the first limita-
tion of our study is that we enrolled a small group
of participants from each parent study to characterize
long-term sequelae of severe COVID-19; we did not
design the study to evaluate treatment effects during
initial infection on long-term outcomes. In addition to
the study drug received in the parent study, all par-
ticipants received standard-of-care treatment during
the acute phase of infection. As the standard-of-care
treatments evolved during the COVID-19 pandemic,
participants might have received tocilizumab, remde-
sivir, or both as part of standard care (7-11). Second,
limited information was available on participants be-
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fore hospitalization for acute COVID-19, and some
participants might have been living with undetected
underlying conditions. Third, evaluations were lim-
ited by baseline imbalances, the 22.5% discontinua-
tion rate, and missing assessments, which are com-
mon in long-term follow-up studies. Although some
potential confounding factors were identified, we did
not adjust for them in this exploratory study. Further
investigation adjusting for confounders will be neces-
sary to confirm those findings and further delineate
the long-term effects of COVID-19.

In conclusion, a subgroup of participants in this
study exhibited persistent lung texture abnormali-
ties, impaired pulmonary function, cognitive impair-
ment, or reported fatigue or respiratory symptoms
during the 12-month follow-up period, demonstrat-
ing a substantial long-term health burden for persons
who have severe COVID-19 pneumonia. The sever-
ity of acute infection, age, and certain underlying
conditions might influence the long-term sequelae of
COVID-19. Our findings underscore the extended
health effects of COVID-19 beyond its acute phase
and reinforce the importance of regular monitoring of
patients with severe COVID-19, particularly in older
patients and those with underlying health conditions.
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