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Abstract

BACKGROUND

The respiratory infection caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has evolved into a multi-organ disorder, with long-
term effects known as post-acute sequelae of SARS-CoV-2 infection or long
coronavirus disease (COVID).
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AIM
To examine the current knowledge and outcomes of long-term neurological and gastrointestinal (GI) symptoms in
adult cohorts, including United States minority populations.

METHODS
PubMed and Google Scholar were searched using relevant terms, and data from five studies were analyzed,
comprising 27383 patients with persistent neurological and GI sequelae.

RESULTS

The main symptoms included anxiety, depression, dysphagia, headache, vomiting, nausea, gastroesophageal
reflux, fatigue, and abdominal pain. Patients with comorbidities and metabolic syndromes were at higher risk for
long COVID. While most patients were European Americans, there was a need for further study on African
Americans.

CONCLUSION
The underlying causes of these symptoms remain unclear, warranting more investigation into the long-term impact
of the SARS-CoV-2 on different populations.

Key Words: Angiotensin converting enzyme; Long coronavirus disease; Post-acute sequalaec of SARS-CoV-2 infection;
Neurological; Gastrointestinal; Post-viral syndromes

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Long coronavirus disease (COVID) or post-acute sequelae of severe acute respiratory syndrome coronavirus 2
infection (PASC) can lead to prolonged and debilitating symptoms beyond 30 d after infection. Neurological manifestations
are prevalent, with encephalopathy, myalgia, headache, and anosmia being common symptoms. Females seem to be more
susceptible to long COVID, and severe disease is associated with longer or more frequent neurological symptoms.
Gastrointestinal (GI) sequelae are also reported, with symptoms like difficulty swallowing, nausea, vomiting, and abdominal
pain being common. Anxiety, depression, dysphagia, headache, and fatigue are among the top symptoms observed, with
potential neurological and GI associations. However, there is a need for further research to explore the underlying causes and
potential discrepancies in symptom reporting among different populations affected by long COVID/PASC.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is not only a respiratory illness; it can lead to multi-organ complications. Studying
the long-term effects helps identify the post-acute sequelae of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection (PASC) or long COVID (LC), which may involve neurological and gastrointestinal (GI) symptoms.
Recognizing these sequelae is vital for developing targeted interventions and treatments. Among the wide range of
COVID-19 patients who experience mild or severe symptoms, there is a subset that sustains a prolonged residual illness
that lasts beyond 4 wk. Barring the lack of accurate diagnostic or reporting methods and normalized data for age and sex
across countries, global estimates of LC or PASC patients vary widely between 15% to 76% depending on the preexisting
medical conditions and geographical locations. Irrespective of acute COVID-19 severity and age, reports from the globally
affected populations show that neurological and GI[1] dysfunctions remain as the most significant alterations. Post-
infectious fatigue syndrome linked to brain fog and post-exertional malaise is not rare. Most well-studied viral or
bacterial pathogens have been connected to the development of chronic symptoms in a subset of infected patients such as
myalgic encephalomyelitis/chronic fatigue syndrome and postural orthostatic tachycardia syndrome[2-5].

LC or PASC is a multifactorial condition that lingers in many COVID-19 patients for more than 30 d following the
initial viral infection that precipitates COVID-19. This residual illness displays over 200 symptoms and affects multiple
tissues, organs, and biological systems including neuropsychiatric and GI systems to varying degrees[6-8]. The major
symptoms of PASC are fatigue, brain fog (cognitive dysfunction), post-exertional malaise, and shortness of breath
(dyspnea) that can last for months and can debilitate normal daily activities. There are several hypotheses that attempt to
explain the underlying mechanisms that propel these multifaceted symptoms. Some of the leading theories include viral
persistence, chronic inflammation, autoimmune dysfunction, and microclot formation[9]. In most of the tissues and
organs affected by LC/PASC including the neurological and GI disorders, there is evidence of endothelial dysregulation.
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This has prompted some scientists to declare that PASC is a vascular disease.

There are no universal case definitions of PASC. The National Institute of Health (NIH) defines PASC as “the failure to
recover from acute COVID-19, or those persistently symptomatic for > 30 d from onset of infection, with any pattern of
tissue injury that remains evolving including the nervous system” (www.NIH.gov). The Centers for Disease Control
defines PASC as a condition marked by the continuation of COVID-19 symptoms for four or more weeks after infection
with SARS-CoV-2 (www.CDC.gov). The SARS-CoV-2 has been detected in brain tissue and the GI tract. Early research
indicates that the virus enters the brain through the nose, and via the olfactory bulb invades the brain cells (neurons)
where it prowls unchecked, conceivably leading to lasting neurological symptoms, such as cognitive impairment and
brain fog[2,10-15]. The virus can also invade the GI system through angiotensin-converting enzyme 2 (ACE2).
Understandably, the GI infiltration of the virus begins in the oral route and may precede the brain invasion. It is not clear,
however, how the virus precipitates the neurological or GI symptoms that are common in LC patients. The postulation,
although not universally accepted by researchers or scientists, is that neuronal inflammation resulting from the viral
invasion and persistence in these biological systems may be the trigger for the GI and neurological symptoms[2,10-13,16].

Understanding the full spectrum of COVID-19 is essential to provide appropriate medical care and support to patients
as the disease is relatively new and its long-term effects are still being discovered. By reviewing the existing literature,
scientists can gain a comprehensive understanding of the various neurological and GI symptoms that can persist after the
acute phase of the infection. In the general COVID-19 population of the United States, those with neurological and GI
symptoms experience viral invasion in the central nervous system through vascular and lymphatic systems or the vagal
nerve[17]. SARS-CoV-2 or its viral particles including the RNA or the associated proteins can infect leukocytes and
migrate into the brain or can be directly transported across the blood-brain barrier (BBB) to the brain. Furthermore,
ongoing research reports that the virus can invade the peripheral lymphatic vessels that connects the glymphatic system
of the brain[18]. The sequential correlation between neurological and GI symptoms or disorders lends credence to the
vascular system as being the primary culprit. But the lymph vessels around the GI tract, or the gut-brain axis or the
enteric nervous system may also facilitate entry for SARS-CoV-2 to the brain[19,20].

Minority patients including African Americans and Hispanic Americans have been disproportionally affected by
COVID-19. These two population groups share common symptoms with most of COVID-19 patients. However, there is a
dire need to characterize the long-term effects and impact of these neuropsychiatric and GI symptoms as a significant
proportion of these populations usually are socially and economically poor, and medically underserved. African
Americans and Hispanic Americans have a higher disease burden and fatality rates from COVID-19 than the general
population. Studies regarding LC sufferers in these communities are rare and the long-term outcomes are difficult to
gauge based on the available public data. It is even rarer to assess the neurological and GI tract symptoms in such
patients because their asymptomatic and mild cases are scarcely documented. Therefore, although the neurological and
GI symptoms may be shared by most SARS-CoV-2-infected long haulers, there must be particular attention afforded to
those disproportionally affected patients to truly understand the underlying biological and pathophysiological
mechanisms of PASC under a different social construct.

In the United States, there is a high frequency of neurologic involvement in 82% of hospitalized COVID-19 patients
[21]. However, most neuro-COVID-19 clinic population consists of individuals who were never hospitalized for
respiratory complications resulting from COVID-19, and this includes primarily minority populations. Studying the
enduring neurological and GI symptoms in minority LC patients who suffered disproportional affliction during the
pandemic, which received scant research in the literature, is crucial. Although other combinations of symptoms such as
neurological and pulmonary symptoms or their variations are also apparently important to study, there are numerous
reviews on this subject. Comprehensive research in various symptom domains contributes to a holistic understanding of
COVID-19 and its effects on human health. In this retrospective review, we will characterize the cardinal symptoms
shared or exhibited by PASC patients particularly from communities that are underserved and disproportionally affected
by the coronavirus pandemic.

MATERIALS AND METHODS

Search strategy and selection criteria

We conducted a systematic literature search of published articles using PubMed and Google Scholar databases from
December 2019 to September 30, 2022. We used the following search terms: COVID-19, ACE2, angiotensin converting
enzyme, and SARS-CoV-2, long COVID or PASC (post-acute sequalae of SARS-CoV-2 infection), neurological, GI, gastric
sequelae of SARS-CoV-2, COVID-19, and post-viral syndromes in the United States. The protocol of this systematic
review and analysis of COVID-19 patients” data is in accordance with the PRISMA Statement guidelines (https://prisma-
statement.org) (Figure 1).

Inclusion and exclusion criteria

We first sorted the LC/PASC studies by title and abstract; then, we compiled the papers by relevance and conducted a
new selection process by thoroughly reviewing the data. We incorporated studies that reported GI and neuropsychiatric
findings in COVID-19 patients and long-haulers. From the selected papers, tables were generated for each data set in
Microsoft Excel. These tables included the following information for each study (when available): General information
about the study (year, location, hospital or city, state and country, and publication date), confirmed cases, GI/neuropsy-
chiatric manifestations, symptoms involving other organ systems, comorbidities, hospitalization, outcome measurements,
and PASC duration. We compared clinical manifestations, comorbidities, prevalence, and significant outcomes of the
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DOI: 10.5662/wjm.v13.i4.323 Copyright ©The Author(s) 2023.

Figure 1 Selection and identification of relevant studies in databases. COVID: Coronavirus disease; PASC: Post-acute sequelae of severe acute
respiratory syndrome coronavirus 2 infection; Gl: Gastrointestinal.

long-term neurological and GI sequelae of COVID-19 symptoms. We particularly attempted to include United States
minority populations where available.

Inclusion criteria

The following inclusion criteria were adopted to validate article selection: Any study including patients with confirmed
previous COVID-19 diagnosis with specified post-COVID neurological and GI sequelae of COVID-19 findings; any study
with five or more patients; any study with all or most patients from Western countries including United States minority
populations with no distinction regarding sex, age, severity of disease, inpatient or outpatient management, treatment,
and outcome. Data on neurological and GI symptoms after 4 wk of SARS-CoV-2 infection were collected and presented.

Exclusion criteria

The following exclusion criteria were adopted to filter out incomplete data: Studies whose duration of symptoms
following SARS-CoV-2 infection lasted less than 4 wk were excluded. In addition, studies which did not include post-
COVID GI/neuropsychiatric manifestations and studies from Eastern countries were also excluded to have a more
homogeneous data source.

Statistical analysis

The potential studies were assessed for data homogeneity including demographics and LC symptoms. Finally, five
studies were included in the analysis of this review. The statistical analysis was performed, as appropriate, by weighted
analysis where the weights were associated with the size of the study and the inverse of the variance of the main
outcome. Descriptive, parametric, and non-parametric correlation, Chi-square tests, and t-tests, were performed using
SPSS and Excel as appropriate. The primary limitation of this review, as our biostatistician has determined, is that the
data are aggregated and confined to a small number of papers. Therefore, correlation between GI and neurological
symptoms may not be robust.

WIM | https://www.wjgnet.com 326 September 20,2023 | Volume13 | Issue4 |

Jaishideng®



Sherif ZA et al. Neurological and GI symptoms in long COVID

RESULTS

Baseline patient characteristics and symptoms

More than 60000 COVID-19 patients of aggregate studies with various COVID and LC symptoms were initially screened
for this review. Dozens of papers were sorted out for specific data on LC or PASC symptoms lasting more than 30 d. After
excluding duplicates and unrelated studies by screening the title, abstract, or main text, a total of five published studies
were included in this review containing a total of 27383 patients with long-term neurological and GI sequelae of COVID-
19 symptoms. The mean age of these cohorts is 55.76 years. Females outnumber males by 1.6 to 1.0 as shown in Table 1
and Figure 2.

The baseline demographics of the aggregate study cohorts include European Americans (66.5%), African Americans
(9.9%), Asian Americans (3.0%), Hispanic Americans (0.5%), and persons with undeclared (or unrecorded) racial or ethnic
identities (20.0%), which made up the second largest group (Figure 2).

Table 2 and Figure 3 show PASC patients harboring GI or neurological symptoms, or both as documented in the five
articles selected for this systematic review.

The papers did not single out PASC patients with overlapping GI and neuropsychiatry symptoms. Table 2 also
displays the minimum and maximum numbers of each symptom reported among the five studies. Sometimes, only one
or two papers reported certain symptoms. For example, among the GI symptoms, dysphagia (i.e., difficulty swallowing)
was the number one cited symptom (self-reported by 6114 PASC patients) in one of the studies (Table 2, Figure 3).
However, this symptom was cited in only two of the three papers. Similarly, anxiety, the highest-ranked neurologic
symptom by 6749 PASC patients, was cited by only two of the papers (Table 2). The separation of GI and neurologic
symptoms into Figure 4A and B, respectively provides a clearer picture of the most common symptoms associated with
each disorder.

Gl symptoms
Various GI symptoms to a different degree were reported in the five studies that are reviewed (Table 3, Figure 4A).

These common symptoms in order of descending rank in the aggregated data included abdominal pain (3718, 3
studies)[22-24], dysphagia (6114, 2 studies)[24-27], nausea/vomiting (5223, 3 studies), gastroesophageal reflux (4858, 1
study)[24], and constipation (3116, 2 studies)[23,24]. The remaining GI symptoms were diarrhea (2711, 4 studies)[22-24,
26], general GI (1290, 1 study)[24], anorexia (1259, 2 studies), and dyspepsia (5, 1 study).

Neurological symptoms

There are more neurologic symptoms reported than GI symptoms. The five most common neurologic symptoms in the
aggregated data of the studies are: Anxiety (6749, 2 studies), depression (6292, 3 studies), headache (5295, 5 studies),
myalgia (5076, 4 studies), and fatigue (4038, 5 studies). These top five and the remaining neurologic symptoms are shown
in Table 4 and depicted in Figure 4B.

Comorbidities

The five most reported pre-existing conditions or comorbidities by 1266 PASC patients in the study cohorts were
documented by four of the five papers reviewed (Table 5). Females constituted about 61% of COVID-19 patients more
likely to experience PASC than males. In the cumulative study cohort, those reporting PASC symptoms consisted of
White/Caucasians at 66.54%, African Americans at 9.97%, and Asians at 3.0% (Table 1). The leading comorbidities are
hypertension (617, 4 studies), diabetes (343, 4 studies), obesity (320, 3 studies), asthma (172, 4 studies), and hyperlip-
idemia (145, 2 studies)[23,26]. The remaining comorbidities are shown in Table 5 and Figure 4C.

General symptoms

In Table 6, various symptoms other than GI and neurologic were reported by all five studies to varying levels.
Furthermore, in the same five study populations, a total of 57 clinical manifestations were also assessed. We divided these
clinical manifestations into separate categories of organ systems such as neurologic/psychiatry, mental health,
respiratory, cardiovascular, GI, dermatologic, and ear, nose, and throat. The highest ranked general PASC-associated
symptom by far was weight gain at 11256 followed by dyspnea at 5638. The rest of these general symptoms are side
effects of SARS-CoV-2 infection and are listed in Table 6.

DISCUSSION

COVID-19 patients experience a multitude of symptoms including respiratory, digestive, and neurological disorders. A
subset of these patients experiences LC or PASC that prolongs the duration and the debilitating conditions of these
symptoms beyond 30 d after infection. As there is no standard case definition for PASC, there are disparate PASC explan-
ations ranging from a minimum of 30 d duration of symptoms to a maximum of 6 mo or 180 d in the study cohorts.
Certain distinctive symptoms such as anosmia indicate a potential neurotropism of this virus. There are several pathways
for the virus to enter the nervous system. One of these pathways proposed by Llorens ef al[28], is a route to the brain from
the infection of the gut via Toll-like receptor 4 and zonulin brain receptor. Other researchers proposed that the
evolutionary similarity of SARS-CoV-2 with SARS-CoV makes it more likely that SARS-CoV-2 can invade the olfactory
bulb and GI system through ACE2[18]. However, when the GI tract is invaded, the virus may enter the central nervous
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Table 1 Baseline demographics of post-acute sequelae of severe acute respiratory syndrome coronavirus 2 study cohorts

Ref. [22] [23] [24] [25] [26] Aggregate %
Female 236 174 16177 104 71 16762 61.21%
Male 294 190 9940 85 112 10621 38.79%
Mean age (SD), year 59.2 61.0 51.6 50.0 57.0 543 -
African American 62 76 2551 20 16 2725 9.97%
European American 155 74 17752 148 99 18228 66.54%
Asian American 79 6 704 14 16 819 3.00%
Hispanic 132 0 0 0 0 132 0.48%
Unknown 102 208 5110 7 52 5479 19.98%

Table 2 Gastrointestinal and neurological post-acute sequelae of severe acute respiratory syndrome coronavirus 2 symptoms

Symptom Number of studies Minimum number Maximum number Total of 5 studies
Anxiety 2 11 6738 6749
Depression 3 6 6268 6292
Dysphagia 2 3 6111 6114
Headache 5 6 5223 5295
Nausea and/or vomiting 3 3 5197 5223
Myalgia 4 11 4962 5076
Gastroesophageal reflux 1 4858 4858 4858
Fatigue 5 29 3839 4038
Abdominal pain 3 2 3682 3718
Dizziness or vertigo 2 7 3656 3663
Constipation 2 8 3108 3116
Stress 1 2925 2925 2925
Neuropathy 2 27 2794 2821
Paresthesia 2 2 2794 2796
Diarrhea 4 2 2690 2711
Abnormal gait 2 18 1540 1558
Brain fog 5 16 1410 1489
Smell & taste problems 4 8 1305 1356
General GI 1 1280 1280 1280
Anorexia 2 5 1254 1259
Dyspepsia 1 5 5 5

GI: Gastrointestinal.

system through vascular and lymphatic systems or the vagal nerve. SARS-CoV-2 can infect leukocytes and migrate with
them into the brain, or the viral particles can be directly transported across the BBB to the brain.

At the beginning of the pandemic in 2019, there have been frequent neurologic manifestations and encephalopathy-
associated morbidity in COVID-19 patients. In fact, more than 80% of hospitalized COVID-19 patients had neurologic
symptoms during their disease course, and 82.3% at any time during the disease course according to a retrospective
Chicago-area study[21]. In this study, in order of decreasing percentages of neurological symptoms, myalgia (44.8%),
headache (37.7%), encephalopathy (31.8%), dizziness (29.7%), dysgeusia (15.9%), and anosmia (11.4%) were the most
frequent neurologic manifestations[21]. These neurological symptoms were more prominent in the Chicago-area cohort
than the COVID-19 symptoms observed in the adult cohort populations studied in the five papers reviewed in our study
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Table 3 Gastrointestinal post-acute sequelae of severe acute respiratory syndrome coronavirus 2 symptoms

Symptom' Number of studies Minimum number Maximum number Total of 5 studies
Dysphagia 2 3 6111 6114

Nausea and/or vomiting ) 3 5197 5223
Gastroesophageal reflux 1 4858 4858 4858

Abdominal pain 3] 2 3682 3718

Constipation 2 8 3108 3116

Diarrhea 4 2 2690 2711

General GI 1 1280 1280 1280

Anorexia 2 5 1254 1259

Dyspepsia 1 5 5 5

IPatients may harbor more than one symptom.
GI: Gastrointestinal.

Table 4 Neurological post-acute sequelae of severe acute respiratory syndrome coronavirus 2 symptoms

Symptom' Number of studies Minimum number Maximum number Total of 5 studies
Anxiety 2 11 6738 6749
Depression 3 6 6268 6292
Headache 5 6 5223 5295
Myalgia 4 11 4962 5076
Fatigue 5 29 3839 4038
Dizziness or vertigo 2 7 3656 3663
Stress 1 2925 2925 2925
Neuropathy 2 27 2794 2821
Paresthesia 2 2 2794 2796
Abnormal gait 2 18 1540 1558
Fever 3 2 1463 1478
Brain fog 5 16 1410 1489
Smell & taste problems 4 8 1305 1356

IPatients may harbor more than one symptom.

demonstrating that anxiety (Table 2) was the most prevalent GI-neuro symptom. In another cohort of LC sufferers
reported by Nakhli ef al[29], depression (65%), but not anxiety (48%), was significantly more common in those with post-
COVID-19 disorders of gut-brain interaction.

The five studies in our report did not categorize PASC patients based on the timing of neurologic manifestations by
COVID-19 severity. The mean age was 55 years included female cohort of 62% compared to 38% of the male PASC
patients raising the question as to why females seem to be more susceptible to LC. Four of our five study cohorts also
comprised 645 hospitalized COVID-19 patients who later developed PASC. The literature is replete with data of PASC
patients who developed their various residual illnesses following a lengthy stay in intensive care units connected to
ventilators.

As Table 4 summarizes, the neurologic manifestations that occurred at onset and any time during COVID-19 show that
patients with severe disease had a longer duration or frequency of neurologic manifestations including encephalopathy
than those with milder or no symptoms[21]. The severity of COVID-19 symptoms can be influenced by genetic factors
such as variations in the expression of the ACE2 receptor in the body, as well as differences in the virulence and
transmissibility of the virus strains[30]. It is also evident in the evolving PASC literature that among the most reported
neurological symptoms is fatigue. However, in our limited systematic review, this common condition was not among the
top five neurological symptoms. Fatigue is also a major symptom among COVID-19 patients regardless of whether the
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Table 5 Comorbidities in post-acute sequelae of severe acute respiratory syndrome coronavirus 2 patients

Ref. [22] [23] [25] [26] Aggregate sum
Total (1) 530 364 189 183 1266
Hypertension 266 225 39 87 617
Diabetes 146 134 11 52 343
Obesity 158 - 72 90 320
Asthma 55 74 24 19 172
Hyperlipidemia - 125 - 20 145
CAD 52 41 3 21 117
Heart failure 23 41 - 5 69
Anxiety disorder - - 54 - 54
Mood disorder - - 43 8 51
CVA 28 21 - - 49
Cancer 15 32 - - 47
Chronic kidney disease - 29 - - 29
Smoking 18 - 9 - 27
COPD 19 - - 7 26
Other - - 15 - 15
HIV 10 - 4 - 14
Atrial fibrillation - - 2 9 11
Valvular heart disease - - 3 - 3

!Patients may harbor more than one symptom.
CAD: Coronary artery disease; CVA: Cerebral vascular accident; COPD: Chronic obstructive pulmonary disease; HIV: Human immunodeficiency virus
infection.

Hispanic African American
0.5% 10.0%

Other/Unknown
20.0%

Asian American
3.0%

European American
66.5%

DOI: 10.5662/wjm.v13.i4.323 Copyright ©The Author(s) 2023.

Figure 2 Aggregate racial identities of the study cohorts.
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Table 6 Other general symptoms associated with post-acute sequelae of severe acute respiratory syndrome coronavirus 2

Ref. [22] [23] [24] [25] [26] Aggregate sum
Total number 530 364 26117 189 183 27383
Weight gain - - 11256 - - 11256
Dyspnea 55 58 5432 35 58 5638
Joint pain - - 5484 6 29 5519
Cough 10 37 4570 - 46 4663
Chills - - 3839 - - 3839
Edema - - 3839 - - 3839
Bleeding - - 3708 - - 3708
Tachycardia - - 3264 16 - 3280
Pain - - 3212 - - 3212
Wheezing - - 3108 - - 3108
High BP - - 3108 - - 3108
Skin lesion - - 2977 - - 2977
Sleep disturbances - - 2925 17 - 2942
Swelling - - 2742 - - 2742
Chest pain 7 30 2690 10 - 2737
Rash - - 2455 - - 2455
Erythema - - 2403 - - 2403
Urinary tract symptoms - - 2272 - - 2272
Weakness - 34 2167 1 - 2202
Peripheral edema - 22 2063 - - 2085
Weight loss - - 1906 - - 1906
Erectile dysfunction - - 1854 - - 1854
Sinonasal congestion - - 1671 - - 1671
Respiratory distress - - 1515 - - 1515
Sleep apnea - - 1410 - - 1410
Throat pain - - - 11 - 11
Tinnitus - - 52 - - 52
Nasal congestion - - - 3 - 8
Hearing loss - - - 2 - 2
Sore throat - - - - - 0
Alopecia - - - - - 0

BP: Blood pressure.

disease progresses to LC or not. A notable factor is that the most frequently observed LC symptoms in our meta-analysis
are anxiety and depression, which are also features of post-traumatic stress disorder (PTSD).

The GI sequelae of SARS-CoV-2 can affect any part of the digestive system, not only in the acute infection phase but
also in the post-acute phase, leaving long-term sequelae to manifest frequently or sporadically. The main long-term
symptoms that are reported, regardless of the presence of chronic diseases, are diarrhea, nausea, vomiting, abdominal
pain, accompanied by increased liver enzymes[31]. In our retrospective study of 27383 PASC patients, the main GI
symptoms experienced in decreasing order are difficulty swallowing, nauseas and/or vomiting, abdominal/or visceral
pain, GI reflux, diarrhea, and constipation.

Wang et al[24] developed a broad post-acute sequelae of SARS-CoV-2 symptoms lexicon called PASCLex based on
physician clinical notes and reviews to facilitate PASC symptom identification and research. There were multiple
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Smell/taste disturbances
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DOI: 10.5662/wjm.v13.i4.323 Copyright ©The Author(s) 2023.

Figure 3 Percentages of post-acute sequelae of severe acute respiratory syndrome coronavirus 2-gastrointestinal/neurological
symptoms in all patients of the five studies reviewed. Patients with neurological or gastrointestinal symptoms may or may not harbor both symptoms. GI:
Gastrointestinal; GER: Gastroesophageal reflux.

symptoms identified by the natural language processing tool that Wang et al[24] utilized to validate previously identified
post-acute COVID-19 results recorded in meta-analysis studies of observational and survey data. Lopez-Leon et al[32]
conducted a systematic literature review and identified more than 50 Long-term effects of COVID-19, with the most
common being fatigue, headache, attention disorder, hair loss, and dyspnea. Halpin et al[33] identified fatigue, breath-
lessness, anxiety/depression, concentration problems, and pain among the five most common post-discharge symptoms
in 100 patients hospitalized with COVID-19 (ward and ICU). A recent analysis of new ICD-coded outpatient symptoms
among non-hospitalized COVID-19 patients 28-108 d post COVID-19 diagnosis lists that long-term symptoms such as
throat and chest pain, shortness of breath, headache, malaise, and fatigue are the most common issues experienced by
COVID-19 patients even after they have recovered from the initial infection[24]. We identified the most common ten GI
and neurologic symptoms as anxiety, depression, dysphagia, headache, nausea and/or vomiting, myalgia, gastroeso-
phageal reflux, fatigue, abdominal pain, and vertigo, highlighting symptoms common to both prior inpatient and
outpatient-based studies and raising additional symptoms for consideration. Among the top 50 symptoms identified in
our study, some have not been previously reported, or only reported in small series or single case studies. These include
patient-level symptoms that may have previously been obscured in diagnoses or groups of symptoms, such as
“cutaneous signs” like skin rash or lesion while our study captured individual symptom descriptors such as “erythema”,
“itching”, and “rash”. Similarly, our findings of “visual changes” and “abnormal gait”[34] have not been duly reported in
most studies that we screened for this review. It is also interesting that in the general symptom category, both weight gain
(11256) and weigh loss (1906) were reported in the same and only one paper among the five reviewed. It is therefore
possible that obscure and uncommon symptoms are picked up by the questionnaires or survey questions posed by the
investigators that are holistically conducting their research as opposed to selecting the most common symptoms to show
in the analysis of their collected data.

The main limitation of our review is the small number of published papers that were used in collating the various
common symptoms experienced by LC/PASC patients and the limited sources of data available exclusively in the GI and
neurological category of symptoms. Based on our descriptive analysis of the symptoms and the varying degree of sample
sizes in each cohort study from the five papers, there is a positive correlation between GI and neurological symptoms
regardless of the significance level. It is important to point out that contrary to the published reports, fatigue was not a
major symptom among those PASC patients experiencing the most GI or neurologic symptoms. Further work is needed
in this area to clearly understand why such a discrepancy exists. It is important that future studies bring light and clarity
to the underlying causes of the disproportionate infection, duration of symptoms, or mortality in minority populations.
There may also be similarities in symptoms, in patients of other countries that could shed light on the long-term effects of
COVID-19.
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Figure 4 Gastrointestinal, neurologic, and comorbidities post-acute sequelae of severe acute respiratory syndrome coronavirus 2
symptoms. A: Gastrointestinal post-acute sequelae of severe acute respiratory syndrome coronavirus 2 infection (PASC); B: Neurologic PASC; C: Comorbidities in
PASC patients. Gl: Gastrointestinal; CAD: Coronary artery disease; CVA: Cerebral vascular accident; COPD: Chronic obstructive pulmonary disease; HIV: Human
immunodeficiency virus infection.

CONCLUSION

LC/PASC leads to prolonged and debilitating symptoms beyond 30 d after SARS-CoV-2 infection. Neurological
symptoms, such as encephalopathy, myalgia, and anosmia, are common in LC/PASC patients. GI sequelae, including
difficulty swallowing and abdominal pain, are frequently observed. Females may be more susceptible to LC/PASC.
Anxiety and depression are prevalent, resembling features of PTSD. Fatigue’s discrepancy in symptom reporting requires
further investigation. More research is needed to understand the long-term effects and potential treatments for LC/PASC
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patients.

ARTICLE HIGHLIGHTS

Research background

The respiratory infection caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), responsible for a
global epidemic, extends beyond pulmonary issues. It induces multi-organ disorders, affecting cognition (neurological)
and gastrointestinal (GI) function. Long-term repercussions of this infection are termed post-acute sequelae of SARS-CoV-
2 infection (PASC) or long coronavirus disease 2019 (COVID) (LC). This review aims to analyze current knowledge and
outcomes of long-term neurological and GI effects in adult cohorts, encompassing United States minority populations.

Research motivation

This research is motivated by the need to explore and understand the long-term neurological and gastrointestinal effects
of COVID-19 in adult cohorts, with a particular focus on United States minority populations. By investigating these long-
term sequelae, the study aims to contribute to the existing knowledge, provide insights into potential health impacts, and
potentially lead to better management and care for individuals affected by PASC or LC.

Research objectives

To identify and document the neurological symptoms and cognitive impairments experienced by individuals who have
recovered from COVID-19, as well as to examine and characterize the gastrointestinal symptoms and disorders observed
in post-COVID-19 patients. The research seeks to determine the prevalence and severity of these long-term effects,
considering the disproportionate affliction in United States minority populations. Furthermore, the study aims to
investigate contributing factors, risk factors, comorbidities, and demographic variables associated with the development
of long-term neurological and GI sequelae in post-COVID-19 individuals. We also wish to explore the underlying
mechanisms and pathophysiological processes that may lead to these long-term effects. Future investigations might
include a comparison with control groups to discern the specific impact of the virus on neurological and GI systems.
Moreover, future research will analyze potential disparities in the prevalence and outcomes of long-term effects among
different racial and ethnic groups. Ultimately, the study’s findings will provide valuable clinical insights and contribute
to public health knowledge, offering evidence-based information for improved assessment, management, and care of
individuals experiencing long-term neurological and GI effects following COVID-19. The researchers will suggest
recommendations for healthcare providers, policymakers, and future researchers to address the challenges posed by LC
in diverse populations.

Research methods
PubMed and Google Scholar were searched using relevant terms, and data from five studies were analyzed, comprising
27383 patients with persistent neurological and GI sequelae.

Research results

The study revealed several prominent symptoms, such as anxiety, depression, dysphagia, headache, vomiting, nausea,
gastroesophageal reflux, fatigue, and abdominal pain, among LC patients. Notably, individuals with comorbidities and
metabolic syndromes faced an increased risk. While most patients were of European American descent, the impact on
African American individuals requires more extensive investigation. The underlying reasons for these symptoms remain
uncertain, emphasizing the necessity for further research into the long-term effects of the SARS-CoV-2 on diverse
populations.

Research conclusions

The study concludes that LC is associated with a range of significant symptoms, including anxiety, depression,
dysphagia, headache, vomiting, nausea, gastroesophageal reflux, fatigue, and abdominal pain. Patients with
comorbidities and metabolic syndromes are at higher risk of experiencing these long-term effects. The research highlights
the need for further investigation into the impact of LC on African American populations and emphasizes the uncertainty
surrounding the underlying causes of these symptoms. Overall, the study underscores the importance of understanding
the long-term consequences of SARS-CoV-2 infection in different populations.

Research perspectives

The study on LC symptoms reveals the importance of considering research perspectives that can enhance our under-
standing of the condition’s impact on different populations. To achieve this, future studies should prioritize diverse and
representative samples, particularly including African American populations and other minority groups. Exploring
potential biological, socioeconomic, and cultural factors that influence LC symptoms in diverse communities can provide
valuable insights. Additionally, investigations into health disparities and the intersectionality of comorbidities will aid in
addressing specific challenges faced by various racial and ethnic groups. Culturally tailored interventions, improved
healthcare access, and preventive measures are crucial for managing LC and ensuring better long-term outcomes for
affected individuals from diverse backgrounds.
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