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Abstract

Objectives: To determine post-COVID-19 complications after recovery and investigate the reported cases of re-infection. Meth-
ods: The researchers systematically reviewed three databases: PubMed, Google Scholar, and Word Health Organization (WHO)
COVID-19 database looking for studies reported post-COVID-19 complications and COVID-19 reinfection. The search was con-
ducted between November 21, 2020 and January 14, 2021. Inclusion criteria were articles written in English and had primary
data. The studies reported the complications of COVID-19 after full recovery were included. Case reports were only included
in the COVID-19 reinfection section. Results: The review included 69 studies related to post-COVID-19 complications and 13
case studies related to COVID-19 reinfection. Thirty-six studies reported post-cure respiratory complications including dyspnea
to residual pulmonary fibrosis. Cardiac symptoms were reported in nine studies including palpitation, chest pain and diastolic
dysfunction. Neurological complications included post-traumatic stress syndrome (PTSD), anxiety, depression, memory issues,
insomnia and sleeping disturbance, cognitive impairments, and stigma. Gastrointestinal symptoms included nausea, vomiting,
diarrhoea, and acute liver injury. Physical decline was the most common symptom reported in the musculoskeletal compli-
cations. Thirteen cases COVID-19 reinfection from nine countries were reported. Four patients had severe symptoms in the
second infection while the symptoms of nine patient ranged from mild to moderate. The time taken for the reinfection ranged
from 26 days to 145 days. Conclusion: COVID-19 may cause several types of complications after recovery. Lung abnormali-
ties, neurological complications, and exercise intolerance were frequently identified complications among COVID-19 survivors.
Reinfection can occur among COVID-19 survivors. Thus, COVID-19 may need long-term follow-up and should take preventive
measures to prevent the reinfection.

What might COVID-19 Patients Experience after Recovery? A Systematic Review

Abstract

Objectives: To determine post-COVID-19 complications after recovery and investigate the reported cases
of re-infection.

Methods: The researchers systematically reviewed three databases: PubMed, Google Scholar, and Word
Health Organization (WHO) COVID-19 database looking for studies reported post-COVID-19 complications
and COVID-19 reinfection. The search was conducted between November 21, 2020 and January 14, 2021.
Inclusion criteria were articles written in English and had primary data. The studies reported the compli-
cations of COVID-19 after full recovery were included. Case reports were only included in the COVID-19
reinfection section.

Results: The review included 69 studies related to post-COVID-19 complications and 13 case studies related
to COVID-19 reinfection. Thirty-six studies reported post-cure respiratory complications including dyspnea
to residual pulmonary fibrosis. Cardiac symptoms were reported in nine studies including palpitation, chest
pain and diastolic dysfunction. Neurological complications included post-traumatic stress syndrome (PTSD),
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anxiety, depression, memory issues, insomnia and sleeping disturbance, cognitive impairments, and stigma.
Gastrointestinal symptoms included nausea, vomiting, diarrhoea, and acute liver injury. Physical decline
was the most common symptom reported in the musculoskeletal complications. COVID-19 reinfection was
reported in 13 studies from nine countries. Four patients had severe symptoms in the second infection while
the symptoms of the others ranged from mild to moderate. The time taken for the reinfection ranged from
26 days to 145 days.

Conclusion: COVID-19 may cause several types of complications after recovery. Shortness of breath,
psychiatric symptoms and exercise intolerance were frequently identified complications among COVID-19
survivors. Thus, COVID-19 patients may need long-term follow-up. Reinfection can occur among COVID-
19 survivors; hence, they should take preventive measures to avoid the reinfection.

Keywords: COVID-19 complications, Post COVID-19, COVID-19 relapse, Long COVID-19, COVID-19
reinfection.

How did you gather, select and analyze the information you considered in your review?

• The researchers systematically reviewed three databases: PubMed, Google Scholar, and Word Health
Organization (WHO) COVID-19 database

• Inclusion criteria were articles written in English and had primary data related to post-COVID-19
complications and reinfection.

• Initially, all studies were screened using the titles and the abstracts. Then, full texts of the selected
abstracts were evaluated to ensure that they meet the review inclusion criteria.

What is the ‘take-home’ message for the clinician?

COVID-19 patients may experience post cure complications which need long-term monitoring and may need
management.

Reinfection can occur among COVID-19 survivors; hence, they should be advised to take preventive measures
against the reinfection.

Introduction

At the end of 2019, a series of pneumonia cases emerged in Wuhan, China due to severe acute respiratory
syndrome coronavirus 2 (SARS-COV-2) virus. Thereafter, coronavirus disease 2019 (COVID-19) was de-
clared a pandemic by the WHO on March 11th 20201. As of March 5, 2021, the number of the confirmed
COVID-19 cases has reached 116 million including around 2.57 million deaths worldwide2. The main clinical
characteristics of COVID-19 ranged from minor symptoms which include headache or dizziness, diarrhoea,
nausea and vomiting to moderate symptoms that include fever, cough, myalgia or fatigue, and/or dyspnoea.
Sore throat, congestion or runny nose, loss of taste, or smell was reported in some cases recently. However,
some cases developed complications such as RNAemia (SARS-COV-2 viral load), acute respiratory distress
syndrome, acute cardiac injury, secondary infection, sepsis, septic shock, and multiple organs failure3-6.

Patient recovery presents an additional challenge, which is the follow-up of those patients. Studies have
shown that the virus-specific antibodies IgG and IgM, and the neutralizing serum antibodies declined during
the convalescent phase (1-2 months post-recovery) especially in patients who were asymptomatic amid their
infection episode7 .Therefore, these studies expected that reinfection with COVID–19 may occur for a second
time after recovery 7, 8. In South Korea, 116 patients were retested positive after complete recovery from
COVID–199. Moreover, reinfection has been identified in a plethora of cases in China, France, and Iraq101112.

Another key question after recovery is the potential long-term complications due to COVID–19 infection. It
is paramount to assess the long term consequences of COVID–19, as some survivors have been complaining
of limitation in physical function, that involved general weakness and/or shortness of breath13, while other
suffer from psychological complications such as post-traumatic stress disorder (PTSD) 14. In addition, while
screening the psychiatric symptoms of 402 survivors, high rates of PTSD (28%), anxiety (42%), depression
(31%), and insomnia (40%) were self-rated as symptoms. Although the score is significantly higher in the
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patients with a positive previous history of psychiatric disorders, follow-up after the recovery from COVID–19
is needed15. Many studies reported post-COVID-19 complications; thus, this review intended to compile and
categorize all these findings to identify the most common post COVID-19 complications which would need
monitoring and may need management. Additionally, some people may still not believe in the COVID-19
reinfection, so this review intended to collect cases from all around the world to confirm this reality.

The aims of this review were to determined post COVID–19 complications after complete recovery and
review the reported reinfection COVID-19 cases.

Methods

Data sources and search strategy

The search of this review was conducted by two specialist pharmacists and included studies available in three
data bases: PubMed, Google Scholar, and WHO COVID-19 databases (from Global research on coronavirus
disease (COVID-19)). The review included search for two topics: Post-COVID-19 complication and COVID-
19 reinfection.

The search for studies including post-COVID-19 complications started from November 21, 2020 through
January 7, 2021. The keywords included (”Post COVID-19 discharge” OR ”post COVID-19 follow-up” OR
”COVID-19 long-term complications” OR ”post COVID-19 complications” OR ”COVID-19 survivors” OR
”Long COVID).

In addition, a second search strategy included ”COVID-19 reinfection” in PubMed, Google Scholar, and
WHO COVID-19 databases. The search of this keyword was from January 1, 2021 to January 14, 2021.

Inclusion and Exclusion criteria

The studies were deemed eligible if they reported adult patients with post-COVID-19 complication. In
other words, the symptoms should be identified after one or more negative COVID–19 polymerase chain
reaction (PCR) tests among previously confirmed cases. In addition, the review included studies dealing
with COVID–19 -related complications among both hospitalized and non-hospitalized patients. Only research
studies with primary data and written in English were included while articles without empirical data or with
secondary data such as reviews, commentaries, editorial, reports, and case reports were excluded (Figure
1). For this first search (post-COVID-19 complications), the researchers excluded case-studies since they are
less generalizable.

Initially, all studies were screened using the titles and the abstracts. At this stage, all the abstracts that
reported post-COVID-19 follow-up were included. Then, full texts of the selected abstracts were evaluated to
ensure that they meet the inclusion criteria of the review. Ultimately, after excluding the irrelevant articles
according to the exclusion criteria, a total of 69 studies were included (Figure 1).

Microsoft Excel was used for data extraction. The information of the included studies dealing Post-COVID
complications were summarized in supplementary 1. The included information was the study title, authors’
names, country, study design, follow-up onset, follow-up duration, objective, and main outcomes. The review
focused on the study countries since there may be different strains/variant of SARS-2 virus which can vary
across countries.

On the other hand, studies on COVID-19 reinfection represented a small proportion of the COVID-19
literature and most of them were case-report. Therefore, we included primary studies and case reports
which are written in English. The studies were included if they reported patients with a confirmed diagnosis
of COVID-19 followed by one or more of the followings: confirmed negative RT–PCR-test, then a confirmed
diagnosis of COVID-19 for the second time. Out of 204 screened articles, 13 studies were included (Figure
2).

Results

3
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The literature review identified 3,274 titles (PubMed (n=1598), Google Scholar (n=1566), andWHO COVID-
19 database (n=110)), of which 69 met the inclusion criteria (Figure 1). The included studies were from 15
countries across five continents (Europe (32), Asia (23), North America (11), Australia (2) and Africa (1)).
Of the included studies, 45 involved post-hospital discharge follow-up, 7 post home recoveries follow-up, and
the follow-up of the rest of studies was from the onset of the symptoms. The longest follow-up duration was
140 (IQR 105-160) days from the initial diagnosis (Supplementary 1).

Regarding the COVID-19 reinfection, 204 studies were identified from the three search engines (PubMed
(n=16), Google Scholar (n=168), and WHO COVID-19 database website (n=20)), of which 13 met the
inclusion criteria (Figure 2). All the included data were case reports (with one patient) except for two
studies in Iraq and in Bangladesh that included 26 patients and 3 patients respectively. The time between
the first and second infection ranged from 26 to 145 days (Table 2). The included studies had different
designs: prospective cohort studies (30), retrospective cohort studies (11), cross-sectional (17), retrospective
and prospective (1), longitudinal study (3), observational (2), case-control (1), qualitative (semi-structured
interviews) (2), and case series (2).

Respiratory Sequelae

Thirty-six studies from 15 different countries reported respiratory complications among COVID-19
survivors16-51. The duration of the follow-up ranged from 6 weeks to 4 months post hospital discharge
30, 38, 4231(Table 1). Worsened breathlessness / dyspnoea is one of the common reported symptoms post
COVID-19 infection 23, 26, 27, 31, 33, 40, 47. According to the results reported in a British study, 29 (42.6%)
and 21 (65.6%) patients who discharged from ICU and ward respectively suffered from moderate to severe
breathlessness for several weeks post-discharge16, while a prospective study reported significant breathless-
ness among 64% of the survivors up to 3 months post-discharge35. An Italian study revealed that 54 (29.2%)
of survivors experienced shortness of breath (SOB) and tachypnoea21. Similarly, a Chinese study and a
Saudi study revealed that 115 (21.4%) of the survivors had tachypnoea even after mild activity, and 48.8%
had difficulty of breathing that impedes them from completing a 6-minute walk test 23, 31 . These symptoms
are common among obese patients, ICU survivors, senior survivors, and patients with previous respiratory
diseases16. In addition, cough is a persisting symptom in a plethora of survivors. Besides excessive sputum,
the cough may be accompanied by throat pain17, 43.

Lung function abnormalities were measured in several studies through measuring Forced expiratory volume
in 1 second (FEV1), Forced vital capacity (FVC), the maximal expiratory flow at 50 % of the forced vital
capacity (MEF50), MEF25, and maximal mid-expiratory flow (MMEF)25, 35. In a retrospective multi-
centre study , out of 55 patients, 14 (25.45%) survivors had abnormalities that presented in total lung
capacity (TLC) , FEV1 and FVC25. In a British study , 60% of the survivors had reported some persistent
abnormalities in the lung parenchyma through lung magnetic resonance imaging (MRI) at 2-3 months post
discharge35. Furthermore, abnormal FEV1 (<80%) or FEV1/FVC < 70% , MEF 50, MEF 25, MMEF 75/25
were presented in 52.17%, 72.73% ,and 45.45% of cases who had previously moderate/sever COVID-1944.

Lung fibrosis which was presented as interstitial thickening (27.3%) and crazy paving (ground-glass opacities
with superimposed interlobular septal thickening and intralobular septal thickening) (5.5%) as reported in
some of 55 survivors after three months of discharge25. Residual ground glass opacity (GGO) was common
in some survivors. According to an Iranian study , 54.5% patients had GGO and 31.8% had mixed GGO
and sub-pleural parenchymal band39. Additionally, two studies reported 86% and 48% of the survivors had
residual GGO respectively 32, 33. In addition, fifth of the participants had parenchymal bands that may
indicate the progression of fibrosis 42. Lung high-resolution computed tomography (HRCT) was performed
for 21 survivors post 3 months of discharge, Five of them revealed abnormalities, 2 patients with local
GGO, and 3 patients with local GGO and fibrosis 43. CT-chest scans of recovered patients (asymptomatic,
moderate, or severe) revealed a residual lesion in the lung or sub-pleural lesions after 3 months post hospital
discharge. Furthermore, fibrous strip and thickening of the adjacent pleura were presented in patients who
recovered from severe infection51. This study also revealed a correlation between the presence of differential
metabolites such as homotyrosine, lactoylglutathione, indolelactate in the recovered patients and the residual
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lesions in the lung51. Other studies reported complications including abnormal diffusion / pleural diffusion,
pulmonary embolism, and pneumonia18, 31, 40, 44, 52 .

Cardiovascular sequelae

Cardiac symptoms were reported among COVID -19 survivors. In a longitudinal study , out of 538 survivors,
70 (13%) survivors underwent some cardiovascular related symptoms post discharge that involved high resting
heart rates ( n=15), palpitations (n=26 ), elevation in the blood pressure level (n=7) ,in which some patients
started taking antihypertensive agent23. Similarly, out of 26 survivors pericardial chest pain 3 (12%), chest
tightness 6 (23%), and palpitation 23 (88%) were reported.53. These cardiopulmonary symptoms were
reported in three other studies among patients after COVID-19 infection20, 34, 43 .

T2 signal and positive late gadolinium enhancement (LGE) on analysing COVID-19 survivors were observed
in 58% patients; 54% of patients presented with myocardial oedema in which 50% of survivors had positive
LGE and 50% had pericardial effusion53. Furthermore, high sensitivity Troponin T values (> 3 pg/ml) were
reported in 71% survivors in a German study; most of 78 survivors who had presented with abnormal CMR
findings: raised myocardial native T1 (n=73), raised myocardial native T2 (n=60), myocardial LGE (n=32),
and pericardial enhancement (n=22). Additionally ischemic type patterns of myocardial LGE presented in
12 patients, and 3 patients suffered from severe abnormalities such as elevated hsTnT, native T1, native
T2 measures , LEG ,and left ventricular ejection fraction less than 50%54. In an Australian study , trans-
thoracic echocardiography during two follow-up visits revealed a high rate of diastolic dysfunction 60% and
55% ;besides pulmonary hypertension and pericardial effusion46.

According to an Italian study, on nailfold videocapillaroscopy (NVC) examination of recovered patients after
approximately one month of hospital discharge, 46.3% of 54 survivors were presented with some non-specific
patterns of capillary abnormalities in more than two fingers, which involved enlarged capillaries (85.2%),
meandering capillaries (81.4%), and pericapillary oedema (70.4%). Furthermore, hemosiderin deposits re-
sulted from micro-haemorrhage and micro-thrombosis were revealed in 11.1% survivors55. The duration of
follow-up ranged from 47 days to 3 months post hospital discharge34, 53.

Nervous system Sequelae

Twenty-eight studies from 12 countries reported psychological and neurological complications among COVID-
19 survivors15, 16, 21, 23, 28-30, 32, 36, 38, 50, 56-71. The duration of follow-up ranged from two weeks to 4 months
post hospital discharge56, 61 (Table 1). Post-traumatic stress disorder (PTSD) is deemed one of the common
psychological complications among COVID-19 survivors15, 16, 58. Two studies have evaluated the PTSD
according to post-traumatic stress disorder checklist-5 (-5)15, 58. A Korean study reported that 20.3% of the
patients have PTSD ( -5 score of [?]33),and an Italian study reported 12.9% have PTSD after COVID-19,
and there is an inverse correlation between the duration of hospitalization with -515. In addition, based on a
cross-sectional study results, 46.9% of intensive care unit (ICU) survivors complained of PTSD, and 23.5%
of hospital admitted survivors had the same mental sequelae16. The main feature regarding PTSD is that
it is more prevalent among women compared to men, among the young population of COVID-19 survivors,
and among people with a history of psychological diseases15, 21, 56 .

Depression and anxiety are other common symptoms among COVID-19 survivors. In a Chinese study, out
of 126 survivors 22.2% reported anxiety and 38.1 % reported depression56. Furthermore, while the severity
of anxiety reported by old-survivors was lower compared to the young-survivors, there was no difference in
the severity of depression symptoms according to the patient age56. In a Chinese study, out of 538 COVID-
19 survivors , 23(4.3%) reported depression and loss of interest in things around them23. An Irish study
reported 35.5% of patients who discharged from ICU had moderate to severe anxiety and depression during
the follow-up68. The severity of depression and anxiety in COVID-19 survivors were evaluated using the
Patient Health Questionnaire-9 ( PHQ-9) and self-reported by the Anxiety Screening Scale (GAD-7) and
their scores were 4.20±3.98 and 4.28±4.05 respectively 57. Using the same screening scales, in another study
, 50 recovered patients reported anxiety with intensity varied between mild (30 cases), moderate (12 cases),
moderately severe (5 cases) ,and severe anxiety (3 cases)50.
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Memory problems were reported in two studies16, 62 . In a British study , new or worsened memory problems
were reported in 17.6% of ICU survivors vs 18.8% of the ward survivors16. A Spanish study reported 12.3%
of patients had memory complaints that ranged from moderate (38%) to sever impairment for the immediate
verbal memory, while for delayed memory, 11.8% COVID-19 survivors had moderate and 2.8% had sever
impairment62. In addition, moderate (34.6%) and severe (8.4%) deficit in semantic verbal fluency were
reported in and the survivors,62. Insomnia, sleeping disorder, stigma and concentration problems are also
reported among survivors16, 21, 23, 29, 59 .

Musculoskeletal sequelae

Musculoskeletal symptoms including myalgia and joint pain were reported among COVID-19 survivors in
twenty-three studies16, 17, 20, 22, 24, 27-31, 33, 35, 36, 41, 63, 65, 66, 70, 72-77. The duration of follow-up ranged from
35 days to 3 months post hospital discharge41, 63. Fatigue was reported in the 12 studies among COVID-19
survivors. In a Chinese study which followed 337 patients , fatigue or myalgia were reported in 6 patients of
44 patients17. Fatigue and physical decline were reported among COVID-19 survivors in different countries:
in China (48%), Italy (51%), and Netherlands (87%)22, 24, 27. According to another Chinese study which
followed 538 patients , although 152 (28.3%) of 267 survivors presented with physical decline, only 35 of
them reported no improvement23. Fatigue was reported in 30% of the survivors for 125 days post symptoms
onset, and the intensity of fatigue was ranged from mild to very severe ( 100% vs 94.5%) when measured
using Utrecht Symptom Diary (USD)74.

Myalgia was presented in recovered patients. According to the studies in Germany, the U.S., and China,
myalgia was reported in 5 of 33, 39 of 77, and 24 of 267 recovered patients respectively23, 30, 41. Pain was
presented in 49.6% out of 115 survivors that was usually in shoulder (29%), chest (23%), lower limb (9%)
,and the back (13%), and joint pain (7.9%) especially in the knee23, 36. In two studies in the U.S. generalized
pain was reported in 64% survivors, 50.6% of the survivors had muscular pain and 54.7% reported joint pain
at day 35 post hospital discharge 41, 63.

Gastrointestinal tract sequelae

Gastrointestinal symptoms were reported in four studies as a persistent symptoms post COVID-19
recovery19, 25, 30, 35 . Nausea, vomiting, and diarrhoea were persisted in some COVID-19 survivors after
full recovery. Nausea may remain to the 4th week after hospital discharge19.

According to a British study, acute liver injury with non-specific pattern in blood tests persisted till 2-3
months in 11% of 18 patients who had seen with acute injury during infection. However, another study
reported 10% of 52 survivors had signs of liver injury on MRI demonstrated by the increase in the iron
corrected liver T135.

Urinary system sequelae

Residual renal impairment was reported in a prospective study , 3% ( 2 of 58) patients after 2-3 month post
hospital discharge, although they had no kidney injury prior COVID-1935.

Miscellaneous symptoms

Headache, weight loss, alopecia, sore throat, loss of taste/smell, voice/swallow abnormalities, fever, and
malnutrition were also reported among COVID-19 survivors. The duration of follow-up ranged from 7 days
to 125 days from the onset of symptoms17, 75

Headache was the commonly reported symptom; the reported intensity of headache was mild-moderate
among the respondents19, 25, 75 . Weight loss was reported in an Italian study , in which 29% of survivors
lost > 5% of their initial body weight78. In addition, it was reported [?] 5% of weight loss that persisted for 2
month in some survivors 48. Alopecia was presented in two studies 28.6% and 8.8% of COVID-19 survivors,
and it was common in women more than men. However, hair loss was improved in 30 recovered patients
after 3 months of discharge23, 72 . Sore throat was reported in three studies17, 19, 72 . Voice and swallow
abnormalities were reported in 61% of survivors according to a British study79. Mild to moderate loss of
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taste and mild loss of smell persisted till day 30 and day 60 after the initial symptoms in 15% and 25% of
survivors respectively75, 79. Transient fever was reported among 8.4 % survivors at the first and second week
post hospital discharge19. Malnutrition was reported in 62.7% of survivors according to an Italian study 21.

Hospital readmission

According to a case series of 370 patients, five survivors were readmitted to the hospital because of the cough,
pneumonia, and lumbar disease without positive SARS-COVID-19 infection50. Furthermore, 22 recovered
patients were re-hospitalized again because of persistent COVID-19 symptoms, pneumonia, and pulmonary
embolism18.

Reinfection

The screening of 204 studies revealed that only 13 case reports from 9 countries studied COVID-19
reinfection80-92. Most of the reported cases included patients presented with typical COVID-19 symp-
toms at the time of reinfection. At reinfection time, eight patients presented with mild COVID-19
symptoms81, 83, 84, 86, 88-90, two patients presented with moderate COVID-19 symptoms85, 91, and four pa-
tients with severe COVID-19 symptoms 80, 82, 87, 89. However, one patient was asymptomatic at the time
of the supposed reinfection92. Besides the clinical symptoms of COVID-19, positive COVID-19 PCR test
revealed the reinfection in the 13 case reports. The longest period taken for reinfection was 145 days post
recovery89. All patients survived the relapse in the 13 cases. Another Italian study reported positive COVID-
19 PCR test among 22 patients during their follow-up visit 24. A Chinese study reported that 14.5% of the
survivors of mild and moderate symptoms during the course of the disease had re-positive PCR-test during
the follow-up period (14 days)93. (Table 2)

Discussion

This review assembled data that involved the reported complications following COVID-19 infection among
survivors, and the reported reinfection cases after full recovery. The collected data included recovered
patients who were either hospitalized or non-hospitalized during their course of infection. The identified
complications involved respiratory, neurological/mental, cardiovascular, gastrointestinal tract, urinary tract,
musculoskeletal, and miscellaneous complications. However, the key impairments were pulmonary conse-
quences, psychological problems, and exercise intolerance.

Respiratory problems are one of the frequently reported issues among COVID-19 survivors. They include
breathlessness, dyspnoea, tachypnoea and cough. Abnormalities in diffusion capacity for carbon monox-
ide (DLCO) and TLC were detected among COVID-19 survivors. Thus, they demonstrated the abnormal
parenchymal diffusion that persisted in some recovered patients for up to 6 months post infection44. In
addition, reduction in lung function based on FEV1 measurements may prove the restrictive lung disease
that persisted in COVID-19 survivors35. HRCT findings in some studies revealed the lesions of GGO and
interstitial thickening in survivors three months post-hospital discharge25, 94. These observations are remi-
niscent of the previous SARS that cause residual GGO, intralobular and interlobular septal thickening after
84 months post recovery95. However, the recovery and stability of pulmonary lesions were observed among
recovered patients on an annual follow-up that had lasted for 15 years after SARS infection96. Therefore,
the respiratory consequences of COVID-19 may need longer time to be revealed.

Neurological complications of COVID-19 included some psychological problems such as PTSD, depression,
anxiety, sleep disturbance, insomnia, and memory problems. These complications ranged from 12.9% to
46.9% among COVID-19 survivors. These mental issues were also reported among 79.64 (+-22.34) of Middle
East Respiratory Syndrome (MERS) survivors after 14 months of hospital discharge97. Another study
also reported 70% of patients with MERS infection experienced psychological symptoms such as insomnia,
depression, impaired memory, disorientation, and hallucination during hospitalization98. Anxiety, depressive
mood, and suicidal behaviour among SARS patients were demonstrated as a result of hospital isolation,
quarantine, and the severity of symptoms99. Furthermore, depressive disorders and PTSD had persisted for
one year in patients after 7 days or more of mechanical ventilation in medical or surgical ICU 100. Thus,
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neurological/mental complications may develop after most severe respiratory viral infection: COVID-19,
MERS and SARS.

Reduction in exercise tolerance, muscles pain, and joints pain are the musculoskeletal consequences among
COVID-19 survivors. Fatigue and exercise intolerance may be due to the pulmonary complications and the
shortness of breath that unable some of the survivors from completing the 6-minute walk test31. Reduced
exercise capacity and myalgia were reported among acute respiratory distress syndrome ARDS survivors
within 6 to 24 months after ICU discharge because of mono-neuropathies with focal changes, myopathies,
and chronic neurological changes101. In addition, hospitalization for long period and pulmonary disease have
deemed the reasons for reducing the functional capacity among young ARDS survivors after 6 months of
ICU discharge102.

Nausea, vomiting, and diarrhoea are among the gastro-intestinal symptoms post COVID-19 infection. In
addition, acute liver injury was reported. Previous studies on SARS had showed an active viral replication
in both the small and large intestine among SARS patients, thus based on the high culture yielded from
the intestinal tract, it was suggested that the intestinal tract was the primary targeted organ103. According
to Lei Pan et al, the higher the severity of COVID-19, the more pronounced gastro-intestinal tract (GIT)
symptoms; however, some patients had GIT symptoms without respiratory symptoms during the course of
infection104. Acute liver injury in demonstrated as a result of direct viral hepatitis or as a result of taking
anti-viral medicine through the course of treatment, besides the inflammatory reaction in the body105. GIT
symptoms and acute liver injury were reported among MERS and SARS patients during the course of the
disease Residual renal impairment was one of the complications of COVID-19. Kidney injury was reported
as a result of the inflammatory response ( inflammatory cytokine release) against the viral infection, hyper
coagulation state, and angiotensin pathway activation106. Renal injury was reported in 42.9% of MERS
patients107

Regarding COVID-19 reinfection, all the reported studies based on the reoccurrence of positive PCR-test
after full recovery. However, RNA detection in the sample does not demonstrate the presence of active
infection108. Human coronavirus reinfection was reported, but the symptoms were milder than the first
infection109. Studies on the profile of antibodies against SARS infection had shown that both IgG and
IgM increased dramatically on day 15 after onset of symptoms, and then it declined until day 720. Thus,
SARS patients may have a protection against recurrent infection up to 2 years110. Therefore, it is crucial to
differentiate between the second infection and the complications that may be developed after the course of
treatment.

At this stage we cannot conclude the long-term complications and residual dysfunctions especially in the
pulmonary and neurological systems. We need to follow-up the lung abnormalities for at least 1 year after
cure as well as the psychological symptoms.

Conclusion: COVID-19 may cause several types of complications after recovery (testing negative PCR).
Shortness of breath, psychiatric symptoms and exercise intolerance were frequently identified complications
among COVID-19 survivors. Reinfection can occur among COVID-19 survivors. Thus, COVID-19 patients
may need long-term follow-up and should take preventive measures to prevent the reinfection.

References

1. Di Gennaro F, Pizzol D, Marotta C, et al. Coronavirus diseases (COVID-19) current status and fu-
ture perspectives: a narrative review. International journal of environmental research and public health .
2020;17(8):2690.

2. WHO. WHO Coronavirus Disease (COVID-19) Dashboard. World Health Organization Accessed
2021/1/15, 12:50pm CET, 2021.

3. Li Lq, Huang T, Wang Yq, et al. COVID-19 patients’ clinical characteristics, discharge rate, and fatality
rate of meta-analysis. Journal of medical virology . 2020;92(6):577-583.

8



P
os

te
d

on
A

ut
ho

re
a

17
Ju

n
20

21
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
62

39
27

27
.7

34
65

02
5/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

4. Osman AA, Al Daajani MM, Alsahafi AJ. Re-positive COVID-19 PCR test: could it be a reinfection?
New microbes and new infections . 2020:100748.

5. Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel coronavirus in
Wuhan, China. The lancet . 2020;395(10223):497-506.

6. Osman A, Al Daajani M, Alsahafi A. Re-positive coronavirus disease 2019 PCR test: could it be a
reinfection? New Microbes New Infect. 2020.

7. Long Q-X, Tang X-J, Shi Q-L, et al. Clinical and immunological assessment of asymptomatic SARS-CoV-2
infections. Nature medicine . 2020/08// 2020;26(8):1200-1204. doi:10.1038/s41591-020-0965-6

8. Robbiani DF, Gaebler C, Muecksch F, et al. Convergent antibody responses to SARS-CoV-2 infection in
convalescent individuals. bioRxiv . 2020;

9. Lee J-S, Kim SY, Kim TS, et al. Evidence of severe acute respiratory syndrome coronavirus 2 reinfection
after recovery from mild coronavirus disease 2019. Clinical Infectious Diseases . 2020;

10. Luo A. Positive SARS-Cov-2 test in a woman with COVID-19 at 22 days after hospital discharge: A
case report. Journal of Traditional Chinese Medical Sciences . 2020;

11. Lechien JR, Chiesa-Estomba CM, Vaira LA, et al. COVID-19 Reinfection and Second Episodes
of Olfactory and Gustatory Dysfunctions: Report of First Cases. Ear, Nose & Throat Journal .
2020:0145561320970105.

12. Hussein NR, Musa DH, Naqid IA, et al. The First Case of COVID-19 Reinfection in Duhok City,
Kurdistan Region of Iraq: A Case Report. Journal of Kermanshah University of Medical Sciences . (In
Press)

13. Chan K, Zheng J, Mok Y, et al. SARS: prognosis, outcome and sequelae. Respirology . 2003;8:S36-S40.

14. Kaseda ET, Levine AJ. Post-traumatic stress disorder: A differential diagnostic consideration for
COVID-19 survivors. The Clinical Neuropsychologist . 2020;34(7-8):1498-1514.

15. Mazza MG, De Lorenzo R, Conte C, et al. Anxiety and depression in COVID-19 survivors: Role of
inflammatory and clinical predictors. Brain, behavior, and immunity . 2020;89:594-600.

16. Halpin SJ, McIvor C, Whyatt G, et al. Postdischarge symptoms and rehabilitation needs in survivors of
COVID-19 infection: A cross-sectional evaluation. Journal of medical virology . 2021;93(2):1013-1022.

17. Yan N, Wang W, Gao Y, et al. Medium term follow-up of 337 patients with coronavirus disease 2019
(COVID-19) in a Fangcang shelter hospital in Wuhan, China.Frontiers in medicine . 2020;7

18. McCarthy CP, Murphy S, Jones-O’Connor M, et al. Early clinical and sociodemographic experience
with patients hospitalized with COVID-19 at a large American healthcare system. EClinicalMedicine .
2020;26:100504.

19. Wang X, Xu H, Jiang H, et al. Clinical features and outcomes of discharged coronavirus disease 2019
patients: a prospective cohort study. QJM: An International Journal of Medicine . 2020;113(9):657-665.

20. Somani SS, Richter F, Fuster V, et al. Characterization of patients who return to hospital following
discharge from hospitalization for COVID-19. Journal of general internal medicine . 2020;35(10):2838-2844.

21. De Lorenzo R, Conte C, Lanzani C, et al. Residual clinical damage after COVID-19: A retrospective
and prospective observational cohort study. Plos one . 2020;15(10):e0239570.

22. He S, Zhou K, Hu M, et al. Clinical characteristics of “re-positive” discharged COVID-19 pneumonia
patients in Wuhan, China. Scientific reports . 2020;10(1):1-9.

23. Xiong Q, Xu M, Li J, et al. Clinical sequelae of COVID-19 survivors in Wuhan, China: a single-centre
longitudinal study. Clinical Microbiology and Infection . 2021;27(1):89-95.

9



P
os

te
d

on
A

ut
ho

re
a

17
Ju

n
20

21
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
62

39
27

27
.7

34
65

02
5/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

24. Landi F, Carfi A, Benvenuto F, et al. Predictive factors for a new positive nasopharyngeal swab among
patients recovered from covid-19. American Journal of Preventive Medicine . 2021;60(1):13-19.

25. Zhao Y-m, Shang Y-m, Song W-b, et al. Follow-up study of the pulmonary function and re-
lated physiological characteristics of COVID-19 survivors three months after recovery.EClinicalMedicine
. 2020;25:100463.

26. Mandal S, Barnett J, Brill SE, et al. ‘Long-COVID’: a cross-sectional study of persisting symptoms,
biomarker and imaging abnormalities following hospitalisation for COVID-19. Thorax . 2020;

27. Goertz YM, Van Herck M, Delbressine JM, et al. Persistent symptoms 3 months after a SARS-CoV-2
infection: the post-COVID-19 syndrome? ERJ open research . 2020;6(4)

28. Kamal M, Abo Omirah M, Hussein A, Saeed H. Assessment and characterisation of post-COVID-19
manifestations. International Journal of Clinical Practice . 2020:e13746.

29. Arnold DT, Hamilton FW, Milne A, et al. Patient outcomes after hospitalisation with COVID-19 and
implications for follow-up: results from a prospective UK cohort.Thorax . 2020;

30. Daher A, Balfanz P, Cornelissen C, et al. Follow up of patients with severe coronavirus disease 2019
(COVID-19): Pulmonary and extrapulmonary disease sequelae.Respiratory medicine . 2020;174:106197.

31. Alharthy A, Abuhamdah M, Balhamar A, et al. Residual Lung Injury in Patients Recovering From
COVID-19 Critical Illness: A Prospective Longitudinal Point-of-Care Lung Ultrasound Study. Journal of
Ultrasound in Medicine . 2020;

32. van den Borst B, Peters JB, Brink M, et al. Comprehensive health assessment three months after
recovery from acute COVID-19. Clinical Infectious Diseases . 2020;doi:10.1093/cid/ciaa1750

33. Smet J, Stylemans D, Hanon S, et al. Clinical status and lung function 10 weeks after severe SARS-CoV-2
infection. Respiratory medicine . 2021;176:106276.

34. Clavario P, De Marzo V, Lotti R, et al. Assessment of functional capacity with cardiopulmonary exercise
testing in non-severe COVID-19 patients at three months follow-up.medRxiv . 2020;

35. Raman B, Cassar MP, Tunnicliffe EM, et al. Medium-term effects of SARS-CoV-2 infection on mul-
tiple vital organs, exercise capacity, cognition, quality of life and mental health, post-hospital discharge.
EClinicalMedicine . 2021;31:100683.

36. D’Cruz RF, Waller MD, Perrin F, et al. Chest radiography is a poor predictor of respiratory symptoms
and functional impairment in survivors of severe COVID-19 pneumonia.ERJ Open Research . 2021;7(1)

37. Shah AS, Wong AW, Hague CJ, et al. A prospective study of 12-week respiratory outcomes in COVID-
19-related hospitalisations. Thorax . 2020;

38. Talman S, Boonman-de Winter L, de Mol M, et al. Pulmonary function and health-related quality of
life after COVID-19 pneumonia. Respiratory Medicine . 2021;176:106272.

39. Tabatabaei SMH, Rajebi H, Moghaddas F, et al. Chest CT in COVID-19 pneumonia: what are the
findings in mid-term follow-up? Emergency Radiology . 2020;27(6):711-719.

40. Valiente-De Santis L, Perez-Camacho I, Sobrino B, et al. Clinical and immunoserological status 12 weeks
after infection with COVID-19: prospective observational study.medRxiv . 2020;

41. Jacobs LG, Gourna Paleoudis E, Lesky-Di Bari D, et al. Persistence of symptoms and quality of life at
35 days after hospitalization for COVID-19 infection. PloS one . 2020;15(12):e0243882.

42. Lerum TV, Aalokken TM, Bronstad E, et al. Dyspnoea, lung function and CT findings three months
after hospital admission for COVID-19. European Respiratory Journal . 2020;

10



P
os

te
d

on
A

ut
ho

re
a

17
Ju

n
20

21
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
62

39
27

27
.7

34
65

02
5/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

43. Liang L, Yang B, Jiang N, et al. Three-Month Follow-Up Study of Survivors of Coronavirus Disease
2019 after Discharge. Journal of Korean medical science . 2020;35(47)

44. Meng X, Kang K, Gao Y, et al. Pulmonary Dysfunction in Patients Recovered from COVID-19 Pneu-
monia: A 6-Month Follow-up Study. 2020;

45. van Gassel RJ, Bels JL, Raafs A, et al. High Prevalence of Pulmonary Sequelae at 3 Months after
Hospital Discharge in Mechanically Ventilated Survivors of COVID-19.American journal of respiratory and
critical care medicine . 2021;203(3):371-374.

46. Sonnweber T, Sahanic S, Pizzini A, et al. Cardiopulmonary recovery after COVID-19–an observational
prospective multi-center trial. European Respiratory Journal . 2020;

47. Dennis A, Wamil M, Kapur S, et al. Multi-organ impairment in low-risk individuals with long
COVID.medRxiv . 2020:2020.10.14.20212555. doi:10.1101/2020.10.14.20212555

48. Carvalho-Schneider C, Laurent E, Lemaignen A, et al. Follow-up of adults with noncritical COVID-19
two months after symptom onset. Clinical Microbiology and Infection . 2020;

49. Liao X, Wang Y, He Z, et al. Three-month pulmonary function and radiological outcomes in COVID-19
survivors: a longitudinal patient cohort study. 2020:

50. Wu C, Hu X, Song J, et al. Mental Health Status of Survivors Following COVID-19 in Wuhan, China:
A Descriptive Study. 2020;

51. Sufei W, Xu J, Luo P, et al.Plasma Metabolomic Profiles and Clinical Features in Recovered COVID-19
Patients Without Previous Underlying Diseases 3 Months After Discharge . 2020.

52. Pawlowski C, Venkatakrishnan A, Ramudu E, et al. Pre-existing conditions are associated with COVID
patients’ hospitalization, despite confirmed clearance of SARS-CoV-2 virus. medRxiv . 2020;

53. Huang L, Zhao P, Tang D, et al. Cardiac involvement in patients recovered from COVID-2019 identified
using magnetic resonance imaging. Cardiovascular Imaging . 2020;13(11):2330-2339.

54. Puntmann VO, Carerj ML, Wieters I, et al. Outcomes of cardiovascular magnetic resonance imaging in
patients recently recovered from coronavirus disease 2019 (COVID-19).JAMA cardiology . 2020;5(11):1265-
1273.

55. Natalello G, De Luca G, Gigante L, et al. Nailfold capillaroscopy findings in patients with coronavirus
disease 2019: Broadening the spectrum of COVID-19 microvascular involvement. Microvascular research .
2021;133:104071.

56. Cai X, Hu X, Ekumi IO, et al. Psychological distress and its correlates among COVID-19 survivors during
early convalescence across age groups. The American Journal of Geriatric Psychiatry . 2020;28(10):1030-
1039.

57. Zhou H, Lu S, Chen J, et al. The landscape of cognitive function in recovered COVID-19 patients.Journal
of Psychiatric Research . 2020;129:98-102.

58. Chang MC, Park D. Incidence of post-traumatic stress disorder after coronavirus disease. Multidisci-
plinary Digital Publishing Institute; 2020:373.

59. Dar SA, Khurshid SQ, Wani ZA, et al. Stigma in coronavirus disease-19 survivors in Kashmir, India: A
cross-sectional exploratory study. Plos one . 2020;15(11):e0240152.

60. Weerahandi H, Hochman KA, Simon E, et al. Post-discharge health status and symptoms in patients
with severe COVID-19. Journal of general internal medicine . 2021:1-8.

61. Chieffo D, Delle Donne V, Massaroni V, et al. Psychopathological profile in COVID-19 patients including
healthcare workers: the implications. Eur Rev Med Pharmacol Sci . 2020:11964-11970.

11



P
os

te
d

on
A

ut
ho

re
a

17
Ju

n
20

21
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
62

39
27

27
.7

34
65

02
5/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

62. Mendez R, Balanza-Martinez V, Luperdi SC, et al. Short-term Neuropsychiatric Outcomes and Quality
of Life in COVID-19 Survivors. medRxiv . 2020;

63. Savarraj JP, Burkett AB, Hinds SN, et al. Three-month outcomes in hospitalized COVID-19 pa-
tients.medRxiv . 2020;

64. Hampshire A, Trender W, Chamberlain S, et al. Cognitive deficits in people who have recovered from
COVID-19 relative to controls: An N= 84,285 online study.MedRxiv . 2020;

65. Ladds E, Rushforth A, Wieringa S, et al. Persistent symptoms after Covid-19: qualitative study of 114
“long Covid” patients and draft quality principles for services.BMC health services research . 2020;20(1):1-13.

66. Humphreys H, Kilby L, Kudiersky N, Copeland R. Long Covid and the role of physical activity: a
qualitative study. medRxiv . 2020;

67. Taquet M, Luciano S, Geddes JR, Harrison PJ. Bidirectional associations between COVID-19 and psy-
chiatric disorder: retrospective cohort studies of 62 354 COVID-19 cases in the USA. The Lancet Psychiatry
. 2021;8(2):130-140.

68. NM C, Lakey S, McMahon S, et al. Clinical characteristics and post-intensive care outcomes of COVID-
19 pneumonia. 2020;

69. Park HY, Jung J, Park HY, et al. Psychological Consequences of Survivors of COVID-19 Pneumonia 1
Month after Discharge. Journal of Korean medical science . 2020;35(47)

70. Kingstone T, Taylor AK, O’Donnell CA, et al. Finding the’right’GP: a qualitative study of the experi-
ences of people with long-COVID. BJGP open . 2020;4(5)

71. Chen B, Wang Y, Yang T, et al. Mental health among COVID-19 survivors and healthcare workers
exposed to COVID-19 in Wuhan, China: a cross-sectional study. Authorea Preprints . 2020;

72. Akter F, Mannan A, Mehedi HH, et al. Clinical characteristics and short term outcomes after recov-
ery from COVID-19 in patients with and without diabetes in Bangladesh.Diabetes & Metabolic Syndrome:
Clinical Research & Reviews . 2020;14(6):2031-2038.

73. Shah SB, Chawla R, Pahade A, et al. Immunity status of Health Care Workers post recovery from
COVID-19: An online longitudinal panel survey. medRxiv . 2020;

74. Vaes AW, Machado FV, Meys R, et al. Care dependency in non-hospitalized patients with COVID-
19.Journal of Clinical Medicine . 2020;9(9):2946.

75. Petersen MS, Kristiansen MF, Hanusson KD, et al. Long COVID in the Faroe Islands-a longitudinal
study among non-hospitalized patients. Clinical Infectious Diseases . 2020;

76. Dennis A, Wamil M, Kapur S, et al. Multi-organ impairment in low-risk individuals with long
COVID.medrxiv . 2020;

77. Walsh-Messinger J, Manis H, Vrabec A, et al. The Kids Are Not Alright: A Preliminary Report of
Post-COVID Syndrome in University Students. medRxiv . 2020;

78. Di Filippo L, De Lorenzo R, D’Amico M, et al. COVID-19 is associated with clinically significant weight
loss and risk of malnutrition, independent of hospitalisation: A post-hoc analysis of a prospective cohort
study. Clinical Nutrition . 2020;

79. Miller B, Tornari C, Miu K, et al. Airway, voice and swallow outcomes following endotracheal intubation
and mechanical ventilation for COVID-19 pneumonitis: preliminary results of a prospective cohort study.
2020;

80. Munoz Mendoza J, Alcaide ML. COVID-19 in a Patient with End-Stage Renal Disease on Chronic in-
Center Hemodialysis after Evidence of SARS-CoV-2 IgG Antibodies. Reinfection or Inaccuracy of Antibody

12



P
os

te
d

on
A

ut
ho

re
a

17
Ju

n
20

21
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
62

39
27

27
.7

34
65

02
5/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

Testing. IDCases . 2020:e00943-e00943.

81. Akram L, Khan MHUR, Iqbal A, Akram A. A Case Report of Recurrent Covid-19 Infection of a
Physician in Bangladesh: Re-infection or Persistence Infection? Bangladesh Journal of Infectious Diseases .
2020:S57-S60.
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ar
y. Complications Symptoms

Number of
reported
studies

Countries of
the reported
studies

Follow-up
duration

Respiratory
complications

1-
Breathlessness/dyspnea/
tachypnea 2- Cough
3-Lung function
abnormalities
(|FEV1,
|FEV1/FVC, 4-
pulmonary fibrosis
Interstitial
thickening crazy
paving 5-Residual
ground glass opacity
6- Abnormal
diffusion
7-Pulmonary
embolism
8-Pneumonia

36 studies 10 Chinese, 1
Egyptian, 1
German, 6 British,
3 Italian 3
Netherlanders, 1
Saudi, 1 Belgian, 3
U.S., 1 Australian,
1 French, 1 Bel-
gian&Netherlanders
1 Canadian, 1
Iranian, 1 Spanish,
and 1 Norwegian

6 weeks post
hospital discharge
30, 38, 42 4 months
post hospital
discharge31

Cardiovascular
complications

1-| resting rates
2-Palpitation
3-Elevation in the
blood pressure
4-Pericardial chest
pain 5- Chest
tightness 6- T2
signal and positive
late gadolinium
enhancement (LGE)
7-Myocardial edema
8-Pericardial
effusion 9-Diastolic
dysfunction
10-Pulmonary
hypertension 11-
Non-specific
patterns of
capillaries
abnormalities 12-
Hemosiderin
deposits 13- Cardiac
arrhythmias

9 studies 3 Chinese, 2 U.S., 2
Italian, 1
Australian, and 1
German

47 (36-58) days 53 3
months post
hospital discharge 34
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y. Complications Symptoms

Number of
reported
studies

Countries of
the reported
studies

Follow-up
duration

Nervous system
complications

1-Post traumatic
stress disorder
2-Depression
3-Anxiety
4-Memory
problems:
Immediate verbal
memory, delayed
memory, semantic
verbal fluency
5-Insomnia
6-Sleeping
disturbance 7-
Cognitive
impairment &
concentration
problem 8-Stigma

28 studies 5 Chinese, 1
Egyptian, 7 British,
1 German, 3 Italian,
2 Netherlanders, 1
Irish, 1 Spanish, 2
Korean, 1
Bangladesh, 3 U.S.,
and 1 Indian

14 days post
hospital discharge
56 4 months post
hospital discharge 61

Musculoskeletal
complications

1- Generalized pain
2. Joint pain 3.
Muscles pain 4-
Fatigue/physical
decline

23 Studies 1 Egyptian, 1
German, 8 British,
2 Chinese, 1 Italian,
1 Saudi, 1 Belgium,
3 U.S., 1
Bangladesh,1
Indian, 2 Netherlan-
ders&Belgian, and 1
Faroe Island

35 days post
hospital discharge
41. 3 months post
discharge 63

Gastrointestinal
complications

1-Nausea, vomiting,
and diarrhoea
2-Acute liver injury

4 studies 1 U.K, 1 German,
and 2 Chinese

1 month post
hospital discharge
19 3 month post
hospital discharge35

Urinary system
complications

Residual renal
impairment

1 study 1 British 3 months post
hospital discharge 35

Miscellaneous
complications

Headache, weight
loss, alopecia, Loss
of taste, loss of
smell, sore throat,
voice and swallow
abnormalities, and
malnutrition.

17 studies 1 Italian, 2 British,
5 Chinese, 1
Australian, 1
Mexican, 1 Helsinki,
1 Egyptian, 1
Bangladesh, 1
Netherlanders+
Belgian, 1 Faroe
Island, 1 French,
and 1 Indian

7.5 days (IQR,
6–13)17 125 (17,
45-153) days days
post onset of
symptoms 75
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y. Complications Symptoms

Number of
reported
studies

Countries of
the reported
studies

Follow-up
duration

Re-addmission Pneumonia,
pulmonary
embolism, Lumbar
puncture,and cough
without Positive
COVID-19
reinfection.

3 studies 2 Chinese, and 1
U.S.

22 days (20-30
days)50 80 days
(IQR, 68 84) days18

Table 2: The studies covered the reinfection cases of COVID-19

Author
name

Country Number of
patients

Diagnostic
confirmation

Severity of
symptoms

Time of
reinfection

Main
Findings

Lubana
Akram et al
81

Bangladesh 1 Negative
RT-PCR
test after 15
days from
the first
infection,
followed by
positive
RT-PCR
test.

Mild 30 days from
the initial
infection

Although
the patient
was infected
after the
exposure to
a confirmed
COVID-19
patient, it is
still unclear
whether it is
reinfection
or he did not
recovered
from the
previous
infection.
Corona virus
antibodies
test is
required

fatih levent et
al 82

Turkey 1 Negative
RT-PCR test
after 30 days
from the first
infection,
followed by
positive
RT-PCR test.

Sever 45 days from
the first
infection

Acute heart
failure
secondary to
severe mitral
regurgitation
and left
ventricular
systolic
dysfunction
happened after
second
COVID-19
infection.
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Rohit Sharma
et al83

Qatar 1 Negative
RT-PCR test
after 3 weeks
from the first
infection,
followed by
positive
RT-PCR test.

Mild 86 days after
first infection

IgM and IgG
were positive
during the
second
infection.
Asymptomatic
COVID-19
infection may
predispose
reinfection.

Shahid A.
Mohammed
et al84

USA 1 Two
subsequent
negative
RT-PCR
test followed
by positive
RT-PCR

Mild 97 days post
hospital
discharge

IgG
antibody
test was
positive
during the
second
infection.

Jair Munoz
Mendoza et
al80

USA 1 Negative
RT-PCR
test followed
by positive
RT-PCR

Sever 2 months
after the
first
infection

The ESRD
patient was
previously
tested
positive for
IgG
antibodies
but he was
asymptomatic.

Belén
Prado-Vivar et
al 85

Ecuador and
South America

1 Negative RT-
Negative
RT-PCR test
followed by
positive
RT-PCR

Moderate 1 month Both IgG and
IgM were
positive during
the second
infection. The
second
infection
happened 2
days after a
contact with
patient with
confirmed
infection. The
symptoms
were more
sever than the
initial
infection.
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Sayyed Reza
Ahmadi et
al 86

Iran 1 Two
subsequent
negative
RT-PCR
test followed
by positive
RT-PCR

Mild 3 months
after first
infection

IgG and
IgM were
negative
although
RT-PCR
was positive
during the
second
infection.

Nicole M.
Duggan et al
87

1 Two
subsequent
negative
RT-PCR
test followed
by positive
RT-PCR

Sever 48 days after
the first
infection

After a
prolonged
ICU stay
due to
COVID -19
infection on
the first
presentation
, one week
later he
returned
with a
second
infection.

Muhammad
Hanif et al
88

Pakistan 1 Two
subsequent
negative
RT-PCR
test followed
by positive
RT-PCR

Mild 2 months
after the
first
infection

The patient
was
reinfected
post
exposure to
patient with
confirmed
COV-19

Islam,
Jubaidul et
al89

Bangladesh 3 negative
RT-PCR test
followed by
positive
RT-PCR

Sever Mild
Mild

145 days 96
days 37 days

inflammatory
markers for
COVID-19
were
significantly
increased in all
cases

Ayad M. Ali et
al 90

Iraq 26 negative
RT-PCR test
followed by
positive
RT-PCR

Mild 26 to 138 days
after recovery

25 patients
had negative
IgG and only
one patient
was
IgG-positive
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Nawfal
Rasheed
Hussein et
al12

Iraq 1 Two
subsequent
negative
RT-PCR
test followed
by positive
RT-PCR

Moderate 7 weeks Reinfection
was
associated
with
increased
symptoms,
antiviral
treatment
was
required.

Vered
Nachmias et
al92

Israel 1 patient Negative
RT-PCR
test followed
by positive
RT-PCR

A
symptomatic

3 months The second
episode
happened
after
exposure to
patient with
confirmed
infection.
Although
she had no
symptoms ,
she was
tachycardiac

Figures legends:

Figure 1: Flow chart for literature search regarding post COVID-19 complications

Figure 2: Flowchart for literature search regarding COVID-19 reinfection
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