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1 | INTRODUCTION

Abstract

Despite the SARS-CoV-2 pandemic not yet being under control, post-Covid-19
syndrome is already a challenging topic: long-term multiorgan sequelae, although
increasingly described, have not yet been systematized. As post-Covid-19 syn-
drome can significantly impact both the working capacity and the relationship life
of surviving patients, we performed a systematic review of the evidence published
over the last year and currently available in medical literature search databases
(MEDLINE/Pubmed) and searching clinical trial registries, to evaluate the available
evidence among workers. From 31 publications that initially matched inclusion
criteria, 13 studies have been considered suitable for relevance and age of sub-
jects. A wide range of patients (16%-87%) have post-Covid syndrome; pneumo-
logical and neuropsychological symptoms were the most common disorders
reported. The most frequent organic sequel found in post-Covid patients was
pulmonary fibrosis. The number of symptoms during acute SARS-CoV-2 infection,
severity of the disease, and high serum levels of b-dimer were related to high risk
of post-Covid syndrome. In conclusion, post-Covid-19 syndrome can significantly
impact the health conditions of surviving patients. Rehabilitation and follow-up in
multidisciplinary rehabilitation programs should be considered for working-age

patients.
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Covid-19, neuropsychological symptoms, pneumological symptoms, post-Covid syndrome,
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to experience symptoms called “long hauler” symptoms of Covid-19

or post-Covid syndrome.'®

Recovery from Covid-19 represents an emerging concern over the
world, as growing evidence is showing a wide range of sequelae in
patients who have returned to microbiological normalization after
infection by SARS-CoV-2; in fact, even though most patients recover
completely within a few weeks, some people, including those who

had mild versions of the disease, after their initial recovery continue

The National Institute for Health and Care Excellence guideline
on management of the long-term effects of Covid-19 published on
October 30, 2020,* defines post-Covid syndrome as signs and
symptoms that develop during or following an infection consistent
with Covid, which continue for more than 12 weeks and are not

explained by an alternative diagnosis. Moreover, the guideline
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highlights that many people with post-Covid syndrome can also ex-
perience generalized pain, fatigue, persisting high temperature, and
psychiatric problems. In addition to the aforementioned post-Covid
syndrome, evidence is growing on the sequelae of Covid extending
beyond 3 weeks from the onset of first symptoms, which are defined
as post-acute Covid.”

Given that the post-Covid syndrome and postacute Covid in-
clude persistent symptoms that could be related to residual in-
flammation (convalescent phase), organ damage, nonspecific
effects from the hospitalization or prolonged ventilation (post-
intensive care syndrome), social isolation, or impact on preexisting
health conditions, to date, we can not accurately predict who will
become a long hauler patient.®” As a recent article in Science
notes, people only mildly affected by Covid still can have lingering
symptoms, and people who were severely ill can be back to normal
two months later.® Consistent with this remark, Italian researchers
in follow-up of 143 confirmed Covid patients—after the most se-
vere symptoms had ended—found, 60 days after the onset of their
iliness, more than half of the patients continued to have multiple
bothersome symptoms, and 41% reported a worsened quality of
life.?

Evidence from previous coronavirus-related respiratory tract
viral infection epidemics such as the SARS, which swept the world in
2002-2003, and middle east respiratory syndrome (MERS), which
emerged in 2012, indicate the development of impairment of phy-
sical, mental, and social functioning brought about by respiratory
compromise and deconditioning.'® ' These patients presented
multiple neurological complications such as neuropathy, myopathy,
and generalized deconditioning, often associated with prolonged in-
tensive care hospitalization; psychological and mood-related effects
following severe illness are also reported.****

Given the current concern with the Covid pandemic, a sum-
mary of the evidence is required to allow policymakers to enact
guidance for preventing and managing sequelae of the infection.
In urgent circumstances such as the ongoing pandemic, rapid
reviews are recommended by the WHO.'> We conducted a re-
view of the literature on post-Covid syndrome and postacute
Covid in patients aged 15-67 years and, therefore, considered in
working age. The aim of the present systematic review was to
assess both occurrence and risk factors for sequelae of Covid in
patients who have returned to microbiological normalization after
the infection by SARS-CoV-2.

2 | MATERIALS AND METHODS

2.1 | Search strategy

We conducted a systematic review of literature from February
2020 to January 31, 2021, regarding post-Covid symptoms and/
or signs in working-age patients (aged 15-67 years) who re-
covered from the infection. The methods and selection criteria

adopted were based on consultation of different sources. Initially,
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MEDLINE/Pubmed databases were used; afterward, the re-
ference sections of the selected publications were scanned for
additional relevant studies satisfying the adopted criteria.
The keywords used to identify articles for this review were:

» o«

“post-Covid-19 syndrome,” “postacute Covid-19,” “long hauler
Covid-19," “Covid-19,” “SarsCoV-2,” “occurrence,” and “pre-
valence.” The keywords were systematically combined to review
the literature search. For example, “post-Covid-19 syndrome” and
“occurrence” and “long hauler Covid-19” were one of the adopted
combinations. We aimed to identify original articles (i.e., nonre-
views) using the abovementioned keywords with the following
exclusion criteria:' not written in English;? studies focused on
postinfection diseases not related to the COVID-19 pandemic;

and® qualitative studies.

2.2 | Data extraction

The screening of articles was carried out in two phases. In the
first phase, articles were screened based on title and abstract.
The abstracts of all the selected titles were sorted for more de-
tailed information. Two independent reviewers (G. d'E. and P. V.)
read the abstracts and categorized them as relevant, not relevant,
or possibly relevant. In the second phase, the full-text articles
were assessed for eligibility. Two reviewers (G. d'E. and P. V.)
independently applied inclusion and exclusion criteria to poten-
tially eligible papers, and both reviewers then independently
extracted data from the original articles. Any disagreements were
independently checked by a third reviewer (G. C.), and a con-

sensus was reached.

2.3 | Categorization of selected articles

Every full-text article that met the inclusion criteria was reviewed and
categorized based on its subject matter; this systematic review was
reported in accordance with the Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses (PRISMA) statement.

2.4 | Search for ongoing clinical trials

The ClinicalTrials. gov website, the European Union Clinical
Trials Register, the International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for Human Use - Good
Clinical Practice Clinical Trials Registry, the Australian New Zealand
Clinical Trial Registry, the Chinese Clinical Trial Registry, the Thai Clinical
Trials Registry, the International Clinical Trials Registry Platform (ICTRP),
the Cochrane Central Register of Controlled Trials were consulted
online on March 2021 using the following keywords: “sequelae
and Covid-19,” and SARS-CoV-2,” ‘“post-Covid-19
syndrome,” “post-acute Covid-19,” “long hauler Covid-19” (last up-
dated on March 6, 2021).

“sequelae
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3 | RESULTS

3.1 | Published studies

Our research of the two literature databases resulted in a total of 31
publications that matched our inclusion criteria. Eighteen of these
were removed because they were deemed irrelevant (i.e., not con-
cerning working-age patients). Therefore, 13 papers remained in the
study (Figure 1). Post-Covid symptoms and/or signs were reported by
a wide range of patients (between 16.36% and 87%); the most fre-
quent symptoms were pneumological (continued shortness of breath,
dyspnea, chest pain), and neuropsychological (muscle weakness, loss
of smell, sleep difficulties, anxiety, depression, post-traumatic stress
disorder [PTSD]). The most frequent organic sequel found in post-
Covid patients was pulmonary fibrosis. The number of symptoms
during Covid-19, severity of Covid-19 and high levels of p-dimer
resulted linked with high risk of post-Covid syndrome and postacute
Covid (Table 1).

3.2 | Ongoing studies

Eleven ongoing and enrolling clinical trials have been designed to
investigate the Covid-19 sequelae in working-age patients: re-
spiratory, cardiovascular, neurological, endocrine, ocular, and mus-

culoskeletal sequelae are currently explored (Table 2).

365 records identified

using the search strategy

v

330 records identified
after removing
duplicates

299 articles excluded based
on title and abstract

l—)

31 publications assessed
for eligibility

18 articles excluded due to

_—

not meeting
stated inclusion criteria

13 publications suitable
for review

———— e ————— ) —<

4 | DISCUSSION

41 | Respiratory sequelae

In our study, impairment of pulmonary function was the most fo-
cused issue; 10 of the 13 studies found persistence of respiratory
sequelae, which consisted in a wide pattern of symptoms and/or
signs as the following:

Breathlessness or dyspnea: 14.55% to 71% of patients recovered
from Covid 19 suffered from such symptoms. The occurrence was
positively related to old age, being hospitalized in the intensive care
unit (ICU), and severity of Covid-19. Interestingly, a study by Walsh-
Messinger et al.>! showed persistent dyspnea in 43% of young stu-
dents (mean age: 19.86 + 3.03); this finding contradicts the percep-
tion that post-COVID syndrome predominantly affects old adults.

41.1 | Pulmonary fibrosis

Selected studies showed survivors from Covid incurring a sig-
nificant risk for pulmonary fibrosis following Covid pneumonia
and acute respiratory distress syndrome. The main independent
variables related to fibrosis in such patients were ICU admission
for Covid and old age. Patients affected by pulmonary fibrosis
commonly complained of dry cough, fatigue, and dyspnea. The

study by Yu et al.?® revealed a higher level of C reactive protein

J—
Respiratory sequelae

*  Pulmonary fibrosis

* DLCO impairment

Neurological sequelae

* Headaches, muscle weakness, dizziness,

cognitive  blunting  (“brain  fog”),
cognitive  deficits,  Critical illness
neuropathy, defined as decreased

vibration sensation and hyporeflexia of
knee and ankle jerks, ulnar or peroneal
nerve lesion, residual smelling disorder,
acute inflammatory  demyelinating
polyradiculopathy

Psychic sequelae

* Depression, anxiety, post-traumatic
symptoms, cognitive impairment

FIGURE 1 Flow chart of the search and selection process in the systematic review and main results
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and interleukin-6 in patients with fibrosis compared to non-
fibrosis patients (p < 0.050), leading to hypothesize that an in-
creased inflammatory reaction might lead to the formation of
pulmonary fibrosis during recovery. Given these findings, the
authors concluded that such clinical parameters might contribute
to predicting which patients with Covid pneumonia are at a higher

risk of developing pulmonary fibrosis after discharge.

41.2 | DLCO impairment

Two studies showed significant reductions in DLCO up to 3 months
after discharge for Covid-19. Abnormalities in DLCO are an indicator
of a late phase in recovery or pulmonary fibrosis. In the past, follow-
up studies for the patients rehabilitating from SARS, showed that
impaired lung function could last for months or even years.?®??
p-dimer elevation was reported as an important laboratory finding in
Covid patients, which requires extra attention. Several studies have
reported that b-dimer on admission was the independent predictor of
in-hospital death for patients with Covid.*°>* Consistent with these

.18 revealed the level

past findings, the study performed by Zhao et a
of pb-dimer was an important prognostic factor for abnormal DLCO.
Thus, for patients who have marked raised p-dimer, pulmonary re-
habilitation is needed subsequently even in the absence of se-

vere respiratory symptoms.

4.1.3 | Neurological sequelae

The main common nonspecific neurological symptoms include
headaches (up to 38%), muscle weakness, dizziness, and cognitive
blunting (“brain fog”), which frequently co-occur with fatigue and
breathlessness, particularly in hospitalized patients. Interestingly, the
study by Huang et al.*® reported the medium-term clinical follow-up
of a cohort of 1733 adult patients affected by Covid and discharged
from one of the Wuhan Hospitals (China). Six months after illness
onset, the authors found that over 50% of patients had residual chest
imaging abnormalities and 76% of the patients reported persistent
covid related clinical disorders; the most frequently reported symp-
toms were muscle weakness or fatigue (63%).

With regard to patients hospitalized in ICUs, the post-ICU syn-
drome (PICS) was frequently found after invasive ventilation with
prone position and encompassed ICU acquired weakness, cognitive
deficits, and psychiatric abnormalities lasting many weeks after ICU
discharge. The follow-up study performed by Puchner et al.?” found
that 56.5% of patients discharged from ICU, required an additional
neurological evaluation focused on neurological sequelae, 24 (SD * 5)
days after the discharge. In these patients, neurological examination
revealed muscle weakness in 46%, which was associated with im-
mobility or gait disturbances as well as restrictions on activities of
daily living. Critical illness neuropathy, defined as decreased vibration
sensation and hyporeflexia of knee and ankle jerks, was observed in

85% of the subjects. Additionally, ulnar or peroneal nerve lesion was

found in 23%. A residual smelling disorder was present in only 4.3%
of the patients.?’

Recently Raahimi et al.’’ reported a case of delayed onset, acute
inflammatory demyelinating polyradiculopathy (AIDP) in a healthy
young man previously affected by a severe SARS-CoV-2 infection:
bilateral leg pain and loss of sensation in the feet was the main
symptom reported. AIDP classically presents as a rapidly evolving,
ascending, symmetrical, flaccid paralysis with loss or diminished
tendon reflexes. Based on this finding, the authors claim that the case
they have presented would support the hypothesis that it is the
immune response to Covid and not the virus itself or the acute
vascular changes that underlay the pathophysiology of post-Covid

syndrome.

4.2 | Psychic sequelae

Five of the selected articles showed persistent psychiatric symptoms
among Covid survivors, such as depression, anxiety, posttraumatic
symptoms, and cognitive impairment; the study of Huang et al.*®
found anxiety or depression were common, even at 6 months after
symptom onset in a cohort of 1773 patients discharged for Covid-19;
moreover, increased risk for depression or anxiety was found in
women compared with men (OR: 1.80 [1.39-2.34]). To date, mental
impairment after ICU care in working-age patients with Covid has
remained unreported. A recently published systematic review and
meta-analysis regarding psychiatric and neuropsychiatric presenta-
tions associated with severe coronavirus infections requiring ICU
hospitalization, reported that the prevalence of depression, anxiety,
PTSD, and fatigue might be high in these patients; however, to date,
data on these diagnoses in patients with severe Covid are preliminary
or unpublished.*?

5 | CONCLUDING REMARKS

This review of the literature has some methodological limitations that
should be highlighted, in particular: (1) currently systematic stu-
dies on the topic are still lacking and this can limit the quality of the
observations, (2) psychiatric studies have been carried out in specific
geographic areas and need to be confirmed by parallel studies ob-
tained in other countries, in fact, the extensibility of the results ob-
tained to other cultural contexts may not be directly accepted and
may be influenced by peculiar social and cultural aspects of the area
where the study was carried out.

Despite these limitations, the findings of our review highlight a
significant risk for sequelae of Covid in the working-age population.
In particular, respiratory and neurological signs and/or symptoms
were the most frequent concerns persisting after recovery
from SARS-Cov-2 infection, also in mild versions of the disease.
Healthcare organizations and policy makers should focus attention on
rehabilitation programs targeted at the improvement of health status

of discharged patients through a structured multidisciplinary
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rehabilitation program. A special effort is required to allow the
complete recovery of the work suitability of patients who have suf-
fered from Covid, taking into account the occupational risks for both

communicable and noncommunicable diseases,*>**

commonly pre-
sent in the workplace, and the need to minimize their effects on the
health of workers coming back from Covid.*>*® Moreover, the
findings of our systematic review highlight the need for occupational
health surveillance of workers returning to work after Covid-19
and suffering from sequelae of the disease. In particular,
healthcare organizations and health managers should involve a
multidisciplinary medical team in the clinical examination of such
workers, to allow the occupational health physicians both to assess
the workers' fitness for the job and to ensure that the job be fitted for
the workers' safety and health. In fact, workplace hazards (e.g.,
physical or biological agents, work-related stress) could pose a threat
to the complete recovery of such workers. Longitudinal studies fo-
cusing on the health status of workers returning to work after
Covid-19 are required in order both to detect the prevalence rates of
Covid-19 sequelae and to investigate the relationship between
hazards present in different working settings and the evolution of the

aforementioned sequelae.
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