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Abstract: Billions of people have been impacted by the SARS-CoV-2 pandemic with over 600 million
infections worldwide. Researchers have turned their attention to describing the post-viral phe-
nomenon known commonly as “Long COVID”. While post-viral syndromes have been documented
after other viral pandemics, the scale of the SARS-CoV-2 pandemic provides a unique opportunity to
study and understand both the epidemiology and pathophysiology of the long COVID syndrome.
While the pandemic impacted populations from all continents, there is a significant gap in what is
known about long COVID on the sub-Saharan African continent. We review what is known about
long COVID and highlight the need for further research within the African population.
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1. Introduction

There are few viruses in the history of humans that have had the ability to precipitate
a global crisis, create economic impact that will be felt for years or change the way we view
disease in a planetary health framework. The first cases of SARS-CoV-2 (COVID-19) were
reported in December 2019 and the COVID-19 pandemic was declared by the WHO in
March 2020 [1,2]. In the last three years, the pandemic has had a critical impact on health
and has had societal effects, including disruptions in education and the economy. The
trauma and uncertainty inflicted on the global population as our understanding of this
emerging infection evolved also led to the mistrust of the medical system [3]. As of March
2023, there have been more than 758 million cases and more than 6 million deaths attributed
to COVID. There has been an unequal distribution of COVID cases and morbidity around
the globe [4]. The European continent claims the highest number of cases (over 200 million),
although the most deaths from COVID have occurred in the Americas (2.9 million) [4].
The African subcontinent has reported 9.4 million cases and approximately 175,000 deaths
from COVID [4]. Globally, as cases increased, a clinical pattern consistent with post-viral
syndrome began to emerge. COVID-19 cases in Africa have shown a seasonal pattern [1,4].
Peaks in the pandemic in southern Africa have occurred in January and July annually
from 2020 to 2022 [4,5]. They are hypothesized to be during periods of travel (during
the holidays in December/January), the colder months and during months with higher
precipitation [5,6]. Studies of the seasonality of endemic coronaviruses in southern Africa
have found similar patterns [7]. Furthermore, while global vaccination efforts began as
early as December 2020, vaccines only became available in a part of Africa in March
2022 [8]. However, as the number of cases continued to increase globally throughout 2020,
a proportion of individuals began to develop persistent symptoms after the resolution
of the acute infection. First described by patient communities, these post-acute infection
symptoms quickly became of interest to the medical community.
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2. Review of the Current Literature

Post-viral syndromes have been documented in association with other infections,
including other coronaviruses. Patients who were infected and survived COVID started
reporting a cluster of persistent symptoms weeks to years after initial infection and named
this syndrome “long COVID” [9]. The multi-system cluster of symptoms is broad, and,
to date, there is a lack of a common consensus on the definition of long COVID or the
syndrome that follows acute COVID infection. The WHO recognizes and defines this
syndrome, “Post-COVID-19 condition or long COVID, as persistent symptoms at least
three months post-acute infection with symptoms persistent for at least two months” [10].
Meanwhile, the Center for Disease Control and Prevention demarcates “post-COVID
conditions” as occurring a month after infections and qualifies it as a disability, referred to
as the post-acute sequelae of SARS-CoV-2 (PASC) or long COVID [11], while the National
Health Service in the UK defines long COVID as persisting for twelve weeks post-acute
infection [12]. Given the novelty of the coronavirus, the prevalence of the disease and
significant impact on daily life, long COVID has become of great clinical and research
interest to the global community, despite the lack of common diagnostic definition among
international medical institutions and societies.

The literature reports rates of long COVID ranging between 6 and 85% [13–23]. There
is currently no common diagnostic definition for long COVID, and the diagnosis is often
one of exclusion [24–26]. However, the most common symptoms of long COVID are broad
and include fatigue or weakness (13–87%), shortness of breath (10–71%), chest pain or
tightness (12–44%), cough (17–34%) and cognitive changes (26–40%), but also includes
persistent GI symptoms such as loss of appetite, IBS and abdominal pain [16,24,27–35].

Many of these symptoms have been documented after other historic respiratory viral
pandemics such as the 1918 influenza pandemic, SARS and MERS. News articles and
research comment on similar features of chronic fatigue and neurologic impairments such
as reduced cognition and depression in survivors of the 1918 influenza pandemic [36–39].
Additionally, cohort studies from the influenza pandemic show long-term consequences on
cardiopulmonary health occurring several decades later [40]. The 2003 SARS pandemic
was also associated with persistent symptoms in a large proportion of survivors who
had persistent chronic fatigue, shortness of breath, pulmonary disease, myopathy and a
reduced quality of life [41–43]. Research suggests that patients may eventually recover
from the post-infectious syndrome, although up to half of patients still had symptoms
preventing their return to work within a year later [44–46]. Although limited, research
around post-infection syndromes in MERS suggests similar features to long COVID [46,47].
The syndromes seen in prior pandemics have recently been compared to other documented
post-viral syndromes such as chronic fatigue syndrome (CFS), myalgic encephalomyelitis
(ME) or postural orthostatic tachycardia syndrome (POTS), which provides a plausible
model to study the pathophysiology of long COVID [17,29].

There are currently few studies demonstrating a difference in the prevalence or pheno-
type of long COVID across different racial groups; however, some studies suggest that the
Hispanic race is a risk factor for the development of long COVID [20,48]. One study in the
US demonstrated an increase in cognitive symptoms for African American patients [49].
Other studies have attempted to characterize the different phenotypes of long COVID that
are roughly grouped into respiratory, fatigue-related and neurocognitive symptoms, which
do not seem to vary by country [21,50–53].

There are several proposed mechanisms for long COVID, including long-term multi-
organ damage from the acute-phase inflammatory reaction and residual inflammation, auto-
nomic dysfunction and neuronal injury, maladaptive autoimmune responses, organ dysfunc-
tion related to ACE2 receptor expression and alterations in gut microbiota [17,29,54–58].

There have been several studies aimed at characterizing long COVID and iden-
tifying risk factors. Female sex, older age, hospital and/or ICU admission, a higher
BMI, existing lung disease and active smoking appear to be risk factors for developing
long COVID [13,14,16,19,21,23]. In addition to host factors, viral variants may have
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a differential impact on the development of long COVID. One study suggests that
historic variants had a higher risk of long COVID compared to subsequent strains [18].

There are few studies assessing the impact of vaccination before acute infection on the
development of long COVID. There appears to be some protective effect of vaccination
against long COVID with some studies showing a dose–response pattern with a reduction
in long COVID with a greater number of vaccination doses [23,59,60].

The impact on daily living for people with long COVID has been profound. Up to 80%
of people with long COVID report that their activities of daily living and functional status
has diminished, and up to 29% report an impairment in social functioning [9,61–63]. A recent
review found that 13% of studies published on long COVID describe the employment-related
effects of the syndrome leading to economic consequences, with one study reporting an
unemployment rate of 22% [57,62]. In the US, estimated economic losses from COVID reached
USD 16 trillion by fall of 2021 with a need to further study the impact of morbidity from the
pandemic [55,64]. Recent modeling within the United States on the cost of long COVID, while
taking into account the lost quality of life, wages from disability and medical costs, estimates
the cost to be up to USD 3.7 trillion [65,66]. There are few data to estimate the global costs,
particularly in low- and middle-income countries where the costs of long COVID may be
devastating at the individual or household level.

Diagnosis and treatment remain a significant challenge. Although there is limited
research on treatment options for long COVID, several studies have reported the use of
multimodal treatment options for patients [67,68]. This includes but is not limited to
pharmacotherapy (such as antihistamines) aimed at relieving symptoms in conjunction
with physical and occupational therapy, cardiopulmonary rehabilitation, meditation and
complementary-alternative medicine (CAM) and acupuncture [27,29,55,69]. Recent re-
search is beginning to suggest that over time, these symptoms may decrease, particularly
respiratory symptoms [50,61].

Long COVID will continue to affect patients significantly for the foreseeable future,
although there is a gap and a lack of consensus among the global healthcare system about
how to identify, diagnose, monitor and treat long COVID upon moving forward [26,70].
Furthermore, most of the research on long COVID has been conducted within high-income
countries (HICs), posing a critical challenge on how to adapt these findings to an international
setting. Given the phenomenon that there were less reported cases in Africa than initially
expected, it is important to understand the sub-populations at risk and how long COVID may
differ within this population. There have been several theories as to why the African continent
saw fewer cases than anticipated at the onset of the pandemic, although limitations in data
quality and reporting likely underestimate the impact of the pandemic [71]. Some researchers
speculate that the younger average age of the population in combination with immunity
effects from exposure to other common infectious diseases, such as malaria, contributed to the
prevalence of COVID in Africa [71,72]. However, there is otherwise a relatively large gap in
understanding the characteristics that led the pandemic in Africa to occur the way it did, or
the sequelae of the pandemic on the population, including long COVID.

3. Discussions around Further Research

Most of the research on long COVID originates from Europe, the Americas and, less
frequently, Asia and the Middle East [52,73]. There are limited COVID data from the
African continent or about African populations, and the impact of vaccines on long COVID
in Africa is poorly understood [71,73]. It is also crucial to study this syndrome in the context
of vaccination rates, vaccine effectiveness and protection against long COVID as several
studies show that vaccination may be protective against symptoms of long COVID [74].
Studying long COVID within the African continent can strengthen research and clinical
monitoring systems for symptoms. Given that most research on long COVID has been
conducted in high-income countries, ongoing collaboration amongst global researchers is
needed to adapt these findings to the African continent. Further research will also shape
how providers systematically approach diagnosis and treatment. We are conducting a
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study to evaluate the vaccine effectiveness of inactivated COVID-19 vaccines in Zimbabwe
and will also assess and prospectively evaluate the prevalence of symptoms of long COVID
among those that are SARS-CoV-2 positive [75]. Our objective is to phenotypically charac-
terize long COVID within this population while assessing risk factors that either contribute
to or protect against long COVID, including vaccination status. We anticipate that these
data may provide important insights into long COVID and its public health implications
within African populations.

4. Conclusions

In conclusion, there remains significant gaps in our understanding of the pathophys-
iology, prevalence, risk factors and treatment options for long COVID within the global
medical community. As the number of long COVID cases continues to rise across the world,
it is vital that research and data collection are scaled up, particularly within Africa, to better
inform the healthcare practice, optimize care for patients and improve the lives of people
with long COVID now and in the future.

Author Contributions: Conceptualization, N.M., C.E.N. and T.M.; methodology, N.M. and T.M.;
investigation, N.M. and T.M.; writing—original draft preparation, N.M.; writing—review and editing,
N.M., C.E.N. and T.M.; supervision, C.E.N. and T.M. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We would like to acknowledge the research staff at Mutala Trust.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. WHO. Coronavirus Disease (COVID-19) Pandemic. Available online: https://www.who.int/emergencies/diseases/novel-

coronavirus-2019 (accessed on 8 March 2023).
2. WHO. WHO-convened Global Study of Origins of SARS-CoV-2 China Part.pdf. Available online: https://www.who.int/

publications/i/item/who-convened-global-study-of-origins-of-sars-cov-2-china-part (accessed on 8 March 2023).
3. Brüssow, H.; Timmis, K. COVID-19: Long Covid and its Societal Consequences. Environ. Microbiol. 2021, 23, 4077–4091. [CrossRef]

[PubMed]
4. WHO. WHO Coronavirus (COVID-19) Dashboard. Available online: https://covid19.who.int/ (accessed on 8 March 2023).
5. Ndlovu, M.; Moyo, R.; Mpofu, M. Modelling COVID-19 infection with seasonality in Zimbabwe. Phys. Chem. Earth Parts ABC

2022, 127, 103167. [CrossRef] [PubMed]
6. World Bank Climate Change Knowledge Portal: Zimbabwe. Available online: https://climateknowledgeportal.worldbank.org/

(accessed on 8 March 2023).
7. Baillie, V.L.; Moore, D.P.; Mathunjwa, A.; Park, D.E.; Thea, D.M.; Kwenda, G.; Mwananyanda, L.; Madhi, S.A. Epidemiology

and Seasonality of Endemic Human Coronaviruses in South African and Zambian Children: A Case-Control Pneumonia Study.
Viruses 2021, 13, 1513. [CrossRef] [PubMed]

8. UNICEF First COVID-19 COVAX vaccine doses administered in Africa. Available online: https://www.unicef.org/press-
releases/first-covid-19-covax-vaccine-doses-administered-africa (accessed on 8 March 2023).

9. Horwitz, R.I.; Conroy, A.H.; Cullen, M.R.; Colella, K.; Mawn, M.; Singer, B.H.; Sim, I. Long COVID and Medicine’s Two Cultures.
Am. J. Med. 2022, 135, 945–949. [CrossRef]

10. Soriano, J.B.; Murthy, S.; Marshall, J.C.; Relan, P.; Diaz, J.V. A clinical case definition of post-COVID-19 condition by a Delphi
consensus. Lancet Infect. Dis. 2022, 22, e102–e107. [CrossRef]

11. Center for Disease Control and Protection Post-COVID Conditions: Information for Healthcare Providers. Available on-
line: https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/post-covid-conditions.html#:~:text=CDC%20considers%
20Post%2DCOVID%20Conditions,persistent%20illness%20becomes%20more%20likely. (accessed on 8 March 2023).

12. National Health Services Long-term effects of coronavirus (long COVID). Available online: https://www.nhs.uk/conditions/
covid-19/long-term-effects-of-covid-19-long-covid/ (accessed on 8 March 2023).

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/publications/i/item/who-convened-global-study-of-origins-of-sars-cov-2-china-part
https://www.who.int/publications/i/item/who-convened-global-study-of-origins-of-sars-cov-2-china-part
https://doi.org/10.1111/1462-2920.15634
https://www.ncbi.nlm.nih.gov/pubmed/34110078
https://covid19.who.int/
https://doi.org/10.1016/j.pce.2022.103167
https://www.ncbi.nlm.nih.gov/pubmed/35642222
https://climateknowledgeportal.worldbank.org/
https://doi.org/10.3390/v13081513
https://www.ncbi.nlm.nih.gov/pubmed/34452378
https://www.unicef.org/press-releases/first-covid-19-covax-vaccine-doses-administered-africa
https://www.unicef.org/press-releases/first-covid-19-covax-vaccine-doses-administered-africa
https://doi.org/10.1016/j.amjmed.2022.03.020
https://doi.org/10.1016/S1473-3099(21)00703-9
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/post-covid-conditions.html#:~:text=CDC%20considers%20Post%2DCOVID%20Conditions,persistent%20illness%20becomes%20more%20likely.
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/post-covid-conditions.html#:~:text=CDC%20considers%20Post%2DCOVID%20Conditions,persistent%20illness%20becomes%20more%20likely.
https://www.nhs.uk/conditions/covid-19/long-term-effects-of-covid-19-long-covid/
https://www.nhs.uk/conditions/covid-19/long-term-effects-of-covid-19-long-covid/


COVID 2023, 3 1028

13. Asadi-Pooya, A.A.; Nemati, H.; Shahisavandi, M.; Akbari, A.; Emami, A.; Lotfi, M.; Rostamihosseinkhani, M.; Barzegar, Z.; Kabiri,
M.; Zeraatpisheh, Z.; et al. Long COVID in children and adolescents. World J. Pediatr. 2021, 17, 495–499. [CrossRef]

14. Asadi-Pooya, A.A.; Akbari, A.; Emami, A.; Lotfi, M.; Rostamihosseinkhani, M.; Nemati, H.; Barzegar, Z.; Kabiri, M.; Zeraatpisheh,
Z.; Farjoud-Kouhanjani, M.; et al. Risk Factors Associated with Long COVID Syndrome: A Retrospective Study. Iran. J. Med. Sci.
2021, 46, 428. [CrossRef]

15. Astin, R.; Banerjee, A.; Baker, M.R.; Dani, M.; Ford, E.; Hull, J.H.; Lim, P.B.; McNarry, M.; Morten, K.; O’Sullivan, O.; et al. Long
COVID: Mechanisms, risk factors and recovery. Exp. Physiol. 2023, 108, 12–27. [CrossRef]

16. Bai, F.; Tomasoni, D.; Falcinella, C.; Barbanotti, D.; Castoldi, R.; Mulè, G.; Augello, M.; Mondatore, D.; Allegrini, M.; Cona, A.;
et al. Female gender is associated with long COVID syndrome: A prospective cohort study. Clin. Microbiol. Infect. 2022, 28,
611.e9–611.e16. [CrossRef]

17. Davis, H.E.; McCorkell, L.; Vogel, J.M.; Topol, E.J. Long COVID: Major findings, mechanisms and recommendations. Nat. Rev.
Microbiol. 2023, 21, 133–146. [CrossRef]

18. Fernández-de-las-Peñas, C.; Notarte, K.I.; Peligro, P.J.; Velasco, J.V.; Ocampo, M.J.; Henry, B.M.; Arendt-Nielsen, L.; Torres-Macho,
J.; Plaza-Manzano, G. Long-COVID Symptoms in Individuals Infected with Different SARS-CoV-2 Variants of Concern: A
Systematic Review of the Literature. Viruses 2022, 14, 2629. [CrossRef] [PubMed]

19. Global Burden of Disease Long COVID Collaborators; Wulf Hanson, S.; Abbafati, C.; Aerts, J.G.; Al-Aly, Z.; Ashbaugh, C.; Ballouz,
T.; Blyuss, O.; Bobkova, P.; Bonsel, G.; et al. Estimated Global Proportions of Individuals with Persistent Fatigue, Cognitive, and
Respiratory Symptom Clusters Following Symptomatic COVID-19 in 2020 and 2021. JAMA 2022, 328, 1604. [CrossRef]

20. Perlis, R.H.; Santillana, M.; Ognyanova, K.; Safarpour, A.; Lunz Trujillo, K.; Simonson, M.D.; Green, J.; Quintana, A.; Druckman, J.;
Baum, M.A.; et al. Prevalence and Correlates of Long COVID Symptoms Among US Adults. JAMA Netw. Open 2022, 5, e2238804.
[CrossRef]

21. Whitaker, M.; Elliott, J.; Chadeau-Hyam, M.; Riley, S.; Darzi, A.; Cooke, G.; Ward, H.; Elliott, P. Persistent Symptoms Following
SARS-CoV-2 Infection in a Random Community Sample of 508,707 People. Medrxiv 2021, 21259452. [CrossRef]

22. Ayoubkhani, D.; Bermingham, C.; Pouwels, K.B.; Glickman, M.; Nafilyan, V.; Zaccardi, F.; Khunti, K.; Alwan, N.A.; Walker,
A.S. Trajectory of long covid symptoms after covid-19 vaccination: Community based cohort study. BMJ 2022, 377, e069676.
[CrossRef] [PubMed]

23. Azzolini, E.; Levi, R.; Sarti, R.; Pozzi, C.; Mollura, M.; Mantovani, A.; Rescigno, M. Association Between BNT162b2 Vaccination
and Long COVID After Infections Not Requiring Hospitalization in Health Care Workers. JAMA 2022, 328, 676. [CrossRef]

24. Mikkelson, M.E.; Abramoff, B. COVID-19: Evaluation and Management of Adults with Persistent Symptoms following Acute Illness
(“Long COVID”); UpToDate: Waltham, MA, USA, 2022.

25. Byrne, E.A. Understanding Long Covid: Nosology, social attitudes and stigma. Brain. Behav. Immun. 2022, 99, 17–24. [CrossRef]
26. Sisó-Almirall, A.; Brito-Zerón, P.; Conangla Ferrín, L.; Kostov, B.; Moragas Moreno, A.; Mestres, J.; Sellarès, J.; Galindo, G.; Morera,

R.; Basora, J.; et al. Long Covid-19: Proposed Primary Care Clinical Guidelines for Diagnosis and Disease Management. Int. J.
Environ. Res. Public Health 2021, 18, 4350. [CrossRef]

27. Cha, C.; Baek, G. Symptoms and management of long COVID: A scoping review. J. Clin. Nurs. 2021; ahead of print. [CrossRef]
28. Choudhury, A.; Tariq, R.; Jena, A.; Vesely, E.K.; Singh, S.; Khanna, S.; Sharma, V. Gastrointestinal manifestations of long COVID:

A systematic review and meta-analysis. Ther. Adv. Gastroenterol. 2022, 15, 175628482211184. [CrossRef]
29. Crook, H.; Raza, S.; Nowell, J.; Young, M.; Edison, P. Long covid—Mechanisms, risk factors, and management. BMJ 2021, 374, n1648.

[CrossRef]
30. Mizrahi, B.; Sudry, T.; Flaks-Manov, N.; Yehezkelli, Y.; Kalkstein, N.; Akiva, P.; Ekka-Zohar, A.; Ben David, S.S.; Lerner, U.;

Bivas-Benita, M.; et al. Long covid outcomes at one year after mild SARS-CoV-2 infection: Nationwide cohort study. BMJ 2023,
380, e072529. [CrossRef] [PubMed]

31. Sansone, A.; Mollaioli, D.; Limoncin, E.; Ciocca, G.; Bắc, N.H.; Cao, T.N.; Hou, G.; Yuan, J.; Zitzmann, M.; Giraldi, A.; et al. The
Sexual Long COVID (SLC): Erectile Dysfunction as a Biomarker of Systemic Complications for COVID-19 Long Haulers. Sex Med.
Rev. 2022, 10, 271–285. [CrossRef] [PubMed]
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