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ARTICLE INFO ABSTRACT

Keywords: Objectives: To determine the prevalence of long COVID, its most common symptoms, comorbidities, and patho-
Long COVID physiological mechanisms in African populations.
Prevalence Methods: A systematic review of long COVID in African populations was conducted. The random effects model
?;Eitg::iﬁes was used to calculate the pooled prevalence rates (95% CI). A narrative synthesis was also performed.

. Results: We included 14 studies from seven African countries, totaling 6030 previously SARS-CoV-2 infected
Pathophysiology

participants and 2954 long COVID patients. Long COVID had a pooled prevalence of 41% (26-56%). Fatigue,
dyspnea, and confusion or lack of concentration were the most common symptoms, with prevalence rates (95%
CI) of 41% (26-56%), 25% (12-38%), and 40% (12-68%), respectively. Long COVID was mainly associated with
advanced age, being female, more than three long COVID symptoms in the acute phase, initial fatigue and dys-
pnea, COVID-19 severity, pre-existing obesity, hypertension, diabetes mellitus, and the presence of any chronic
illness (P <0.05). High microclot and platelet-poor plasma viscosity explained the pathophysiology of long COVID.
Conclusion: Long COVID prevalence in Africa was comparable to the global prevalence. The most common symp-
toms were higher in Africa. Comorbidities associated with long COVID may lead to additional complications in
African populations due to hypercoagulation and thrombosis.

African populations

Systematic review registration: PROSPERO CRD42023430024

Background

Post-Acute sequelae of SARS-CoV-2 (PASC), colloquially referred to
as “long COVID?”, is a poorly understood condition characterized by pro-
longed COVID-19 symptoms and/or the development of new symptoms
following the resolution of acute SARS-CoV-2 infection. While there is
still no formal clinical definition of long COVID, findings reported in
individuals experiencing long COVID include general symptoms (tired-
ness or fatigue that interferes with daily life, symptoms that get worse
after physical or mental effort, also known as “post-exertional malaise”),
fever, respiratory and heart symptoms (difficulty in breathing or short-
ness of breath, cough, chest pain, fast-beating or heart palpitations),
neurological symptoms (difficulty thinking or concentrating, headache,
insomnia, dizziness, pins-and-needles feelings, change in smell or taste,
depression or anxiety), digestive symptoms (gastroesophageal reflux
disease, diarrhea, and stomach pain) and other symptoms (hyperlipi-
demia, thromboembolism, kidney disorders, joint or muscle pain, rash
and changes in menstrual cycles) [1-4]. For example, the National Insti-

* Corresponding author.
E-mail address: pnyasulu@sun.ac.za (P.S. Nyasulu).

https://doi.org/10.1016/].ijregi.2023.08.004

tute for Health and Care Excellence (NICE) defined the “Long COVID” as
“signs and symptoms that develop during/after the COVID-19 infection
persisting for more than 4 weeks and could not be explained by any other
diagnosis”. In this categorization, the long COVID consists of two cat-
egories, “ongoing symptomatic COVID-19”, which indicates the symp-
toms last for 4-12 weeks; and “post-COVID-19 syndrome”, which means
symptom persistence beyond 12 weeks [5]. Baig et al. [6] suggested
using the term “Chronic COVID syndrome (CCS)” as opposed to “Long
COVID” or “Long Haulers”. He also presented an organ-based staging of
the illness to prioritize immediate care needs [5,6].

As of May 14, 2023, Africa recorded approximately 9.5 million con-
firmed COVID-19 cases accounting for just 1% over 766 millions of
global COVID-19 confirmed cases [7]. In Africa, the picture of long
COVID is not well described as little research has been conducted in
this emerging field. However, few studies have been conducted on the
burden of long COVID in Africa, long COVID prevalence has been re-
ported to vary across and within African countries. Dryden et al. [8] re-
ported the highest long COVID prevalence compared to other studies
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Table 1

Summarizes the evidence-based studies of long COVID-19 in Africa.
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Study ID/Settings

Study population

Study designs

Long COVID
prevalence

Predominant
symptoms

Comorbidities

Key findings

Dryden et al.
[81/South Africa

Mendelsohn et al.
[20]/South Africa

Aly and Saber
[1]/Egypt

Crankson et al.
[22]/Ghana

Ogoina et al.
[16]/Nigeria

1873 enrolled
hospitalized
COVID-19
participants were
followed up 3
months after
hospital discharge.
960 (53.1%) were
women and 913
(48.8%) were men,
the median age was
52 years (41-62)

174 long COVID
among 653
COVID-19 infected
patients. The mean
age of participants
was 50.3 (13.6)
years; 62% were
female

A total of 115
females among them
66 had long COVID.
The mean age was
73.18 + 6.42

2334 patients,
among them 50 had
long COVID. 60.1%
were men and 39.9%
were women. The
majority were aged
from 30-59 years
(57.5%)

51 previously
hospitalized
COVID-19 patients
(median age, 46
years; male, 66.7%)
were studied

A prospective,
observational cohort
study

Retrospective
cross-sectional study

A retrospective
cross-sectional study

A cross-sectional
analysis

Retrospective review

1249/1873(66.7%)

172/653 (35%)

66/115 (57%)

50/2334 (2%)

9/51 (17.65%)

138

Fatigue (50.3%),
shortness of breath
(23.4%), confusion
or lack of
concentration
(17.5%), headaches
(13.8%), and
problems
seeing/blurred
vision (10.1%)

Fatigue 60 (34.5%),
dyspnea 35 (20.1%),
loss of taste 34
(19.5%), loss of
smell 32 (18.4%),
headache 27
(15.5%), body aches
26 (14.9%), chest
pain 19 (10.9%),
gastrointestinal
complaints 21
(12.1%), palpitations
18 (10.3%), rash 11
(6.3%)

Dyspnea 20 (17.4),
cough 10 (8.7), chest
pain 9 (7.8),
palpitations 13
(11.3), insomnia 28
(24.3), headache 14
(12.2), loss of smell
and taste 14 (12.2),
stress 65 (56.5),
sadness 55 (47.8),
fatigue 66 (57.4),
cognitive
dysfunction 29
(25.2), recurrent
falls 29 (25.2),
incontinence 21
(18.3)

N/A

Cough: 9, fatigue: 8,
short of breath: 5,
chest pain: 4,
palpitations: 2,
anxiety: 3, anorexia:
3

The most common
self-reported
comorbidities were
hypertension

(n = 669; 35.7%),
obesity (n = 474;
25.3%), and diabetes
mellitus (n = 418;
22.3%). HIV was
reported by 95
(5.1%) participants

Diabetes 35 (22.0%),
hypertension 77
(48.4%), ischemic
heart disease 7
(4.4%), chronic
obstructive
pulmonary
disease/asthma 10
(6.3%), prior
tuberculosis 1
(0.6%), HIV 1
(0.6%), other 7
(4.4%)

N/A

History of diabetes,
n (%): 4; history of
hypertension, n (%):
8

age >65 years (aOR)
1.62; 95% CI
1.00-2.61]; female
sex (aOR 2.00; 95%
CI 1.51-2.65);
requiring
supplemental oxygen
during admission
(aOR 1.44; 95% CI
1.06-1.97); intensive
care unit admission
(aOR 1.87; 95% CI
1.36-2.57);
pre-existing obesity
(aOR 1.44; 95% CI
1.09- 1.91); and the
presence of >4 acute
symptoms (aOR
1.94; 95% CI
1.19-3.15)

Sex, age, baseline
severity of disease,
or number of initial
COVID-19 symptoms
were predictive of
self-reported
dyspnea, fatigue, > 3
long COVID
symptoms, or
self-reported
non-recovery

The presence of
post-recovery
symptoms was
significantly related
to stress (P = 0.005),
sadness (P = 0.007)
and sleep
disturbances (P <
0.001)

COVID-19 patients
with hypertension
and diabetes
mellitus spent
almost 2 days longer
in hospital (P = 0.00,
95% CI = 1.42-2.33)
and had four times
the odds of long
COVID (95%

CI =1.61-10.85,

P = 0.003) compared
to those with no
comorbidities

Mild COVID-19

(P =0.029)

(continued on next page)
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Table 1 (continued)
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Study ID/Settings Study population Study designs Long COVID Predominant Comorbidities Key findings
prevalence symptoms
Osikomaiya et al. 274 patients were A retrospective study 112/274 (40.9%) Easy fatigability 35 Comorbidities Moderate COVID-19

[17]/Nigeria

Pretorius et al.
[11]/South Africa

Kruger et al.
[12]/South Africa

Otmani et al.
[13]/Marocco

Zulu et al.
[19]/Zambia

Galal et al.
[21]/Egypt

enrolled in the study.
A majority were
within the age group
> 35 to <49 years
(38.3%), and male
(66.1%).

Blood was collected
from healthy
volunteers (N = 13;
six males, seven
females; mean age:
52.4 + 4.8) to serve
as controls

99 long COVID
patients and 29
healthy controls.
Median age of 51
(40-60) median age

118 healthcare
workers who
endured the
Covid-19 infection
and 118 matched
controls. 71% were
females. Average
age-median (years)
29 (21-54)

27 participants.

Mean participant age

was 32 years (range:
1-85 years). 17
(63.0%) were
females

430 participants.
They were 156
males and 274
females, their mean
age was 37.4 + 12.6
years, and the range
was 12-74 years

design

Case-control study

Case-control study

Case-control study

Prospective cohort
study

Cross-sectional study

N/A

N/A

56/118 (47.4%)

27/182 (37%)

268/430 (60%)

139

(12.8), myalgia 24
(8.8), cough 25
(9.2), dyspnea 26
(9.5), chest pain 27
(9.8), loss of appetite
24 (8.8), palpitations
20 (7.4), headache
35 (12.8), insomnia
27 (9.8)

N/A

Constant fatigue:
74%; cognitive
impairment (“brain

(n = 52), the most
common
comorbidities were
hypertension
(72.9%) and
diabetes (15.3%)

Type II diabetes
mellitus

Hypertension 24%;
hyperlipidemia 19%;
type 1I diabetes

fog”/forgetfulness/poor mellitus 6%

concentration): 71%;
dyspnea 59%;
arthralgia/myalgia:
49%; sleep
disturbance: 34%;
depression/anxiety:
30%; heart rate
dysfunc-
tion/palpitations:
30%; recurring chest
pain: 29%; anosmia
(loss of smell) 25%;
dysgeusia: (loss of
taste) 25%; low
oxygen levels 13%
At least one
symptom 56
(47.4%); myalgia
13.3%; anxiety
21.7%; attention
disorders, memory
impairment “brain
fog” 14.4%); sleep
disorders 12%;
palpitations 10.8%;
arthralgia 9.6%;
asthenia 25.3%);
chest pain 8.4%;
anosmia/hyposmia
9.6%

Cough 10 (37.0);
rhinorrhea 5 (18.5);
headache 7 (25.9);
chest pain 6 (22.2);
arthralgia 4 (14.8)

Myalgia (60.0%),
arthralgia (57.2%),
restriction of daily
activities (57.0%),
and sleeping troubles
(50.9%), followed by
anorexia (42.6%),
chest pain (32.6%),
gastritis (32.3%),
cough (29.3%), and
dyspnea (29.1%)

N/A

HIV 2 (7.4%)

Diabetes mellitus:
10.9%;
hypertension:
15.10%; cardiac
disease: 1.9%);
chronic pulmonary
disease: 5.3%; renal
disease: 2.3%);
psychiatric disease:
1.6%

(aOR): 2.03
(1.19-3.47)

A significant
difference was noted
between Platelet
poor plasma
viscosity of controls
and acute COVID-19
(P =0.001) and
acute COVID-19 and
long COVID/PASC
(P =0.002)

N/A

Pulmonary
involvement in chest
computed
tomography scan

Those with five or
more symptoms at
onset had nearly
(P =0.03);
participants with
loss of appetite at
symptoms onset
(P=0.01)

Need of oxygen
therapy (< 0.001);
hypertension
(0.039); any chronic
illness (0.004)

(continued on next page)
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Study ID/Settings Study population Study designs Long COVID Predominant Comorbidities Key findings
prevalence symptoms
Pretorius et al. 845 participants Retrospective cohort N/A Fatigue, brain fog, Hypertension, high Microclot and
[18]/South Africa The gender balance loss of concentration cholesterol levels platelet pathologies
(70% female) and and forgetfulness, (dyslipidemia), were associated with
the most reported shortness of breath, cardiovascular long COVID/PASC
long COVID/PASC as well as joint and disease and type II symptoms that
symptoms. The muscle pains diabetes mellitus persisted after the
majority (i.e., 76%) recovery from acute
of the participants COVID-19.
were between the
ages of 31-40, 41-50,
and 51-60 years.
Walker et al. 30 matched healthy Case-control study N/A N/A N/A Significant microclot
[14]/South Africa subjects and 30 load was observed in
PASC subjects the Platelet poor
plasma of
participants with
PASC
Turner et al. 25 Long COVID Case-control study N/A N/A Hypertension: 36%; Presence of

[15]/South Africa patients. 52 (+ 14)
years. Females were

predominant

hyperlipidemia:
40%,; type II diabetes
mellitus: 12%;
cardiovascular
disease: 8%;
thrombosis (previous
blood clots): 8%;
cancer: 12%

microclotting,
together with
relatively high levels
of six inflammatory
molecules known to
be key drivers of
endothelial and
clotting pathology

aOR, adjusted odds ratio; CI, confidence interval; PASC: Post-Acute Sequelae of SARS-CoV-2.

conducted worldwide. However, a single study cannot reflect the preva-
lence of the African continent. While Peluso et al. [9] concluded that HIV
status strongly predicted the presence of long COVID. Other comorbidi-
ties associated with severe COVID-19 such as diabetes and cardiovas-
cular disease may also be associated with long COVID. Given the high
prevalence of these comorbidities on the African continent, an overall
study focusing on African populations is required. We determined the
burden of long COVID, prevalent symptoms, key findings, risk factors,
and plausible pathophysiology in African populations in this review.

Methods

This section covers study selection strategy, study design, eligibility,
inclusive and exclusive criteria, and quality of assessment and synthesis.

Study selection strategy

To ensure the reproducibility and transparency of our findings, stud-
ies were selected for systematic reviews (from January 2020 to Decem-
ber 2022) in accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines [10]. The stud-
ies were chosen based on the following key review research questions:
How prevalent is long COVID in African populations? What are the
most prevalent long COVID symptoms in African populations? What
factors and comorbidities are associated with long COVID in African
populations? To respond to these questions, we searched PubMed, Med-
line, Google Scholar, the World Health Organization COVID-19 Research
Database, medRxiv, and bioRxiv for potential studies on long COVID-19
in African populations, employing the following Medical Subject Head-
ings (MESH) terms and keywords as the search strategy: “Post-Acute
COVID-19 Syndromes” OR “Long-Haul COVID-19” OR “Long COVID”
OR “Post-Acute Sequelae of SARS-CoV-2 Infection” OR “Post-COVID
Conditions” OR “Post-COVID Condition” OR “Long-Haul COVID” AND
“Comorbidities” AND “epidemiology” [Subheading] OR “Burden of Dis-
ease” AND “African populations” OR “African people” OR “Africans”.
Only English-language studies were considered. To remove duplicates,
studies were imported into the Endnote online tool. The authors took a
step-by-step approach, beginning with systematic reviews. The remain-
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ing abstracts were screened by one reviewer, and all excluded abstracts
were screened by another. One reviewer screened all full-text papers,
and a second reviewer screened those that were not. When necessary, a
third reviewer was brought in. One reviewer (JLT) extracted the data,
and another (PSN) double-checked it. The study ID, setting, population,
long COVID prevalence, comorbidities, and statistically significant find-
ings were all included in the data. The Newcastle-Ottawa Scale risk of
bias assessment was used to evaluate the study’s quality.

Study design eligible inclusion and exclusion criteria

We only included studies that looked at long COVID prevalence,
symptoms, associated comorbidities, and other important findings in
African populations. This review included people of all ages. We also
included African studies on COVID symptoms that persisted. Further-
more, studies on asymptomatic COVID-19 and those assessing COVID
recovery time were excluded from this review.

Data extraction and synthesis

We created a data extraction table to collect information related to
the research questions. However, data were extracted for the four most
common long COVID symptoms. Data extraction was completed by one
reviewer (JLT) and independently checked by a second reviewer (PSN),
with discrepancies resolved through discussion. Only evidence directly
relevant to the review question was extracted. The data included in the
meta-analysis, primarily long COVID prevalence and the four most com-
mon symptoms, were extracted into an Excel spreadsheet and the ef-
fect sizes and standard errors were calculated. Long COVID prevalence
was calculated for each included study by dividing the total number of
SARS-CoV-2 infected patients by the total number of long COVID. The
number of COVID-19 patients with symptoms divided by the total num-
ber of long COVID patients yielded the prevalence for each long COVID
symptom.

A meta-analysis was performed for long COVID prevalence and the
four most common symptoms. According to the Cochrane Handbook,
the prevalence rates were pooled using the random effects model be-
cause we expected significant heterogeneity (I2>50%). Subgroup analy-
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Figure 1. Flow chart of studies reviewing long COVID in African populations.

ses based on setting and long COVID were performed a priori. For small
sample studies, Egger’s regression and Begg’s tests were used to assess
publication bias. The P-value for statistical significance was set at 0.05
for all analyses. Stata (V.16, Stata Corp, College Station, Texas, USA)
was used for the meta-analysis. Comorbidities and key findings were
summarized in a narrative format.

Results

The databases yielded 453 articles, 39 duplicates were removed, and
414 titles and abstracts were screened for eligibility. 387 records were
excluded because they were unsuitable for the review. Full texts were
obtained for the 27 studies, but 13 were excluded because two were
protocols, nine were reports, and two were letters to the editors. Then,
14 studies were included in our analysis, with nine included in the meta-
analysis and five included in the narrative synthesis. The review flow
chart is shown in Figure 1.

Study and participant characteristics

Fourteen studies were included in this review. Among them, five
were case-control studies conducted in South Africa and Morocco [11-
15], three retrospective cohort studies undertaken in Nigeria and South
Africa [16-18], two prospective cohort studies (South Africa and Zam-
bia) [8,19], two retrospective cross-sectional studies done in South
Africa and Egypt [1,20] and two cross-Sectional studies undertaken
Ghana and Egypt [21,22]. This review included a total of 6030 pre-
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viously SARS-CoV-2 infected participants and 2954 long COVID pa-
tients. Seven studies reported that long COVID was prevalent among
females [1,8,11,13,18-21]. In contrast, three studies have high preva-
lence rates among males [16,17,22]. Long COVID range of age was 1-85
years [1,8,11,12,15-17,20,21]. Methodological quality of the included
studies was reported in Supplementary file 1.

Meta-analysis

The pooled results of long COVID prevalence (95% CI) in African
populations revealed a 41% (26-56%) overall prevalence (Figure 2a).
This prevalence, however, varied significantly across studies conducted
in different African countries. Egypt had the highest prevalence, at
59% (55-64%) (Figure 2a). Nigeria had a prevalence rate of 49% (31-
66%). (Figure 2). South Africa, Morocco, and Zambia had prevalence
rates of 47% (7-86%), 47% (38-56%), and 15% (10-20%), respectively
(Figure 2a). Ghana had the lowest prevalence of 2% (2-3%) (Figure 2a).
The degree of heterogeneity between studies was high, with I? = 99.5%.

The prevalence of the most common long COVID symptoms in
African populations was assessed in Figure 2b. According to the pooled
prevalence, fatigue, dyspnea, and confusion or lack of concentration
were the most common and prevalent long COVID symptoms among
African populations. Fatigue, dyspnea, and confusion or lack of concen-
tration were all prevalent (95% CI) at 41% (26-56%), 25% (12-38%),
and 40% (12-68%), respectively (Figure 2b). A study of 845 long COVID
participants found that fatigue, brain fog, loss of concentration and for-
getfulness, dyspnea, and joint and muscle pains were the most common
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Figure 2. (a) Forest plot of long COVID prevalence in African countries (Right). (b) Forest plot of predominant symptoms of long COVID in African populations

(Left). CI, confidence interval.

symptoms in African populations (Table 1). However, due to missing
data, we were unable to include this in the meta-analysis.

Other common symptoms were arthralgia, myalgia, depression,
chest pain, headache, anxiety, and cough (Figure 2b). Even though the
test of heterogeneity between studies was high (12 = 97.60%), the test
of group difference was not statistically significant (P = 0.43).

Using Egger’s regression and Begg’s tests, we assessed the publica-
tion bias of nine studies that included long COVID prevalence in African
populations. With z=1.49 (P = 0.1538) and z = -0.52 (P = 1.3978), the
publication bias was less likely.

Narrative synthesis

The narrative synthesis reported all statistically significant key find-
ings (P <0.05) and important findings related comorbidities associated
with long COVID and pathophysiology.

Long COVID was statistically associated with advanced age and fe-
male sex in African populations (P <0.05) [11,23]. In terms of clini-
cal symptoms, long COVID was statistically associated with more than
three long COVID symptoms in the acute phase, including initial fa-
tigue and dyspnea, post-recovery stress, sadness and sleep disturbances,
and loss of appetite at symptoms onset (P <0.05) [1,8,19,20]. Our re-
view also found that long COVID was statistically associated with mild,
moderate, and severe COVID-19 (P <0.05) [8,16,17,20]. Long COVID
was also associated with supplemental oxygen during intensive care
unit (ICU) admission and pulmonary involvement in chest computed
tomography scan (P <0.05) [8,13,21]. Obesity, hypertension, diabetes
mellitus, and the presence of any chronic illness were all statistically
significant predictors of long COVID [8,21,22]. The most common co-
morbidities found in long COVID in African populations were hyper-
tension, obesity, hyperlipidemia, diabetes mellitus, HIV, ischemic heart
disease, chronic obstructive pulmonary disease/asthma, malignancies,
previous tuberculosis, renal disease, thrombosis (previous blood clots),
and psychiatric diseases, as shown in Table 1 and Supplemental Figure
1. In terms of pathophysiology, African studies found that long COVID
patients had higher microclot and platelet-poor plasma (PPP) viscos-
ity when compared to control groups [11,14,15,18]. Furthermore, high

levels of six inflammatory molecules were detected, including serum
Amyloid A (SAA), -2 antiplasmin (-2AP), platelet factor 4 (PF4), Von
Willebrand Factor (VWF), endothelial-leukocyte adhesion molecule 1
(E-selectin), and platelet endothelial cell adhesion molecule-1 (PECAM-
1) [15].

Discussion

We conducted a systematic review to determine the burden of long
COVID, prevalent symptoms, key findings, risk factors, and plausible
pathophysiology in African populations. This review included 14 stud-
ies on long COVID conducted in African populations. This study in-
cluded 6030 previously SARS-CoV-2 infected participants and 2954 long
COVID patients. Females outnumbered males among long COVID pa-
tients. The ages ranged from one to 85 years. The pooled prevalence
(95% CI) of long COVID in the African population was 41% (26-56%).
In comparison to a review of 50 included studies, 41 of which were
meta-analyzed, the global estimated pooled prevalence of long COVID-
19 was 43% (39-46%) [24]. Long COVID prevalence was higher in Africa
than in North America (31% [21-43%]), but lower in Europe (44% [32-
56%]) and Asia (51% [37-65%]) [24]. In comparison to other world
regions, Africa’s population is very young. Long COVID prevalence may
be lower in African populations than the rest of the world based on this
evidence. However, a study found a significant high frequency of un-
detected comorbidities associated with severe COVID-19 among hospi-
talized African populations, primarily HIV, active tuberculosis, diabetes
mellitus, and hypertension [25]. These comorbidities were detected in
72.3% of African populations aged 18-64 years [25]. Knowing that pre-
existing comorbidities such as asthma, type I diabetes, hypertension,
tuberculosis, and HIV were related to long COVID-19, this could be a
possible explanation for the high long COVID prevalence among African
populations.

The prevalence (95% CI) of the most common symptoms were 41%
(26-56%) fatigue, 40% (12-68%) confusion or lack of concentration,
and 25% (12-38%) dyspnea. Our results agreed with a global review
showing that fatigue was the most common symptom reported with a
prevalence of 23% (17-30%) [24,25], followed by confusion or lack of
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concentration 14% (10-19%) and dyspnea 13% (11-15%) [24]. Even
though the African long COVID prevalence was slightly lower than the
global prevalence, the Africans had higher rates of fatigue, confusion or
lack of concentration, and dyspnea. Further research may be required
to clarify these findings.

Our findings also revealed that long COVID was statistically associ-
ated with advanced age and being female in African populations [8,20].
Our findings were consistent with the findings of Chen et al. [24], who
found that female sex was a risk factor for long COVID. Long COVID
was statistically associated with more than three long COVID symp-
toms in the acute phase, including initial fatigue and dyspnea, post-
recovery stress, sadness, sleep disturbances, and loss of appetite at the
onset of symptoms [1,8,19,20]. Our findings support the results from
previous systematic reviews and meta-analyses on long COVID symp-
toms [24,25].

Our study also found that long COVID was statistically associated
with mild, moderate, and severe COVID-19 [8,16,17,20]. This could be
explained by a significant increase in the rates of thrombotic events
following even a mild COVID-19 infection [15,26]. Long COVID was
also statistically associated with supplemental oxygen during ICU admis-
sion and pulmonary involvement in chest computed tomography scans
[8,13,21]. A study that looked at the long-term outcomes of patients
who needed ICU admission for severe COVID-19 found that the long-
term effects of severe COVID-19 lasted more than 6 months [27]. Obe-
sity, hypertension, diabetes mellitus, and the presence of any chronic ill-
ness were all statistically significant predictors of long COVID [8,21,22].

From the point of view pathophysiology, African studies demon-
strated high microclot and PPP viscosity were statistically higher in long
COVID patients compared to the control groups [11,14,15,18]. In addi-
tion, high levels of six inflammatory molecules SAA, a-2AP, PF4, VWF,
E-selectin, and PECAM-1, are known to be key drivers of endothelial
and clotting pathology [15]. Long COVID may generate further com-
plications based on hypercoagulation and thrombosis associated with
advanced age and pre-existing comorbidities. As an example, in African
populations, a study reported that two people living with HIV devel-
oped cardiovascular complications (myocardial infarction and arrhyth-
mia) during the 3 months of follow-up [28]. HIV status was strongly
associated with long COVID, raising concerns that this condition might
be common among people living with HIV recovering from COVID-19
[9]. Certainly, two main hypotheses should be considered. Firstly, it
is well known how COVID-19 may cause and worsen cardiovascular
events, especially in patients who are at increased risk such as people
living with HIV who also are at increased risk of hypertension, diabetes
mellitus, dyslipidemia, previous thrombosis, and obesity. Secondly, in
patients with known pre-existing cardiovascular risk factors, SAA, a-
2AP, PF4, VWF, E-selectin and PECAM-1 induced by the presence of
SARS-CoV-2 may have worsened and accelerated the cardiac damage
and caused stress cardiomyopathy [15,28,29]. Turner et al. [15] ex-
plained long COVID as the interaction between endothelial dysfunction,
chronic inflammation, and platelet activation generating the formation
of microclot, inducing the raised of the above-mentioned six inflamma-
tory molecules and hypercoagulation and thrombosis. This is significant
because diabetes type Il is a risk factor for long COVID in African popula-
tions and is associated with hypercoagulation states [11]. Comorbidities
associated with an increased risk of long COVID, and hypercoagulability
include cardiovascular disease, renal failure, venous thrombosis, cancer,
and chronic obstructive pulmonary disease [30].

Given that Africa has the lowest COVID-19 vaccination rate among
continents, this could be another risk factor for long COVID in Africa.
A systematic review of six studies (n = 17,256,654 individuals) investi-
gating the impact of vaccines before acute SARS-CoV-2 infection found
a low level of evidence suggesting that vaccination before SARS-CoV-
2 infection could reduce the risk of subsequent long COVID infection
[31]. As with most common chronic conditions, the causation is not
yet well understood. However, long COVID causation should be viewed
as a multifactorial interaction between individual comorbidities, past
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medical history, SARS-CoV-2 variants, genetic factors, and ethnicity.
Supplemental Figure 1 in our study has clearly highlighted the multi-
factorial factors of long COVID in African populations. The reason that
some individuals are more prone to develop long COVID possibly lies
in their genetic profile primarily related to the immune system, such
as human leukocyte antigen [5]. Long COVID may be the result of tis-
sue/organ damage, or inflammatory and immune pathways dysfunction
(including chronic inflammation, hypercoagulation, thrombosis, hyper-
active immune cells, and autoimmunity because of molecular mimicry)
[8,11,14,15,18]. This results in differences in long COVID prevalence
rates and symptoms among populations.

To the best of our knowledge, this is the first systematic review and
meta-analysis of long COVID and its most common symptoms. This re-
view will be useful in future research on long COVID and comorbidi-
ties in African populations, particularly comorbidities associated with
thrombosis risk in African populations. The review’s main weaknesses
were the small number of included studies, poor study design of in-
cluded studies, missing data, and high heterogeneity between studies.
However, publication bias was less likely because Egger’s regression and
Begg’s tests were not statistically significant with z = 1.49 (P = 0.1538)
and z = -0.52 (P = 1.3978), respectively, and the test of group difference
for long COVID symptoms was not statistically significant (P = 0.43).

Conclusion

This review looked at the various characteristics of long COVID in
Africa. Despite having the lowest number of COVID-19 cases, the preva-
lence of long COVID cases in Africa was closer to the global prevalence.
Even though fatigue, dyspnea, and confusion or lack of concentration
were the most common symptoms globally and in Africa, their preva-
lence rates were higher in Africa. Long COVID was associated with ad-
vanced age, female sex, three long COVID symptoms in the acute phase,
initial fatigue and dyspnea, post-recovery stress, sadness, and sleep dis-
turbances, and loss of appetite at symptoms onset, mild, moderate, and
severe, pre-existing obesity, hypertension, diabetes mellitus, and the
presence of any chronic illness in African populations. According to our
review, the pathophysiology of long COVID is explained by high mi-
croclot and PPP viscosity. This may raise the risk of additional cardio-
vascular complications in African populations. Future research should
focus on long COVID, and comorbidities associated with hypercoagula-
tion and thrombosis in African populations.
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