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ABSTRACT 

Post-COVID-19 condition (PCC) is defined by persistent clinical manifestations after acute 

coronavirus disease 2019 (COVID-19). Approximately 10–20% of people across different 

populations are reported to have the condition. Inflammation is considered a key 

mechanism that drives the protracted disease. The titers of antibodies produced in response 

to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) are also reported to 

remain high in those with persisting COVID-19 symptoms. As an emerging disease, the 

clinical, inflammatory, and serological markers of PCC remain to be well-defined. In 

Kenya, patients’ reports of PCC have been captured in the local media, but scientific 

studies on this health conundrum are lacking. Biomarkers of inflammation, such as 

interleukin (IL)-6 and C-reactive protein (CRP), are upregulated in many cases of PCC and 

could be useful as diagnostic markers. This study aimed to determine the clinical, 

inflammatory, and serological markers among individuals with and without PCC in 

Kenyatta University community setting. The study employed an analytical cross-sectional 

design and was undertaken at the Directorate of Kenyatta University Health Services from 

April to July 2023. Purposive sampling approach was used to recruit the participants. A 

questionnaire was utilized to gather demographic and clinical data of the participants. 

Inflammatory and serological data were obtained from the participants’ serum through 

enzyme-linked immunosorbent assays (IL-6, Quantikine Human IL-6 Immunoassay; CRP, 

CRP ELISA kit; and anti-SARS-CoV-2 immunoglobulin G [IgG], Human SARS-CoV-2 

Spike (Trimer) IgG ELISA). Relevant statistical tests in SPSS Version 18 (IBM Corp, 

Armonk, NY) were used to undertake data analysis. The t-test compared continuous 

variables, such as number of symptoms and levels of IL-6, CRP, and anti-SARS-CoV-2 

IgG between the groups exhibiting and not exhibiting PCC symptoms. A p-value less than 

0.05 was used as an indicator of statistical significance. Overall, 189 participants (female, 

50.8%; mean age, 23.46 years) were enrolled. The prevalence of PCC was 30% (n=12), 

with six participants (50%) reporting persistent COVID-19 symptoms and seven 

participants (58.3%) reporting new-onset symptoms. The most reported persisting 

symptoms were cough (n=3, 33.3%), sore throat (n=2, 22.2%), and runny/stuffy nose (n=2, 

22.2%), whereas the most common new symptoms included fatigue (n=3, 16.7%), loss of 

smell/taste (n=3, 16.7%), and joint pain (n=2, 11.1%). No significant differences in IL-6 

(p-value = 0.90), CRP (p-value = 0.28), and anti-SARS-CoV-2 IgG (p-value = 0.08) were 

found between the individuals with and without PCC. The number and duration of COVID-

19 manifestations were significantly higher in individuals with PCC than in those without 

the condition (p-values = 0.01 and 0.02, respectively). Based on these findings, it can be 

deduced that those who present with more COVID-19 symptoms and prolonged symptoms 

may be at a higher risk of PCC. It is recommended that public health surveillance for PCC 

in the general population be done to identify and sensitize those with the condition on how 

to manage it. Further research using well-designed prospective studies should be conducted 

to elucidate reliable biomarkers of PCC for better diagnosis and management.  
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CHAPTER ONE: INTRODUCTION 

The introduction section provides the context of this study by describing the background 

and problem statement regarding Post-Coronavirus Disease 2019 (COVID-19) Condition 

(PCC). It further justifies why research on PCC is important for public health. The 

research questions and objectives are clearly outlined.  

1.1 Background of the Study 

Post-COVID-19 condition manifests with persistence of symptoms or occurrence of new 

symptoms months after infection with Severe Acute Respiratory Syndrome Coronavirus 2 

(SARS-CoV-2), the viral pathogen for coronavirus disease 2019 (COVID-19). Although 

the manifestations of PCC differ across individuals, the main symptoms include post-

exertional malaise, fatigue, breathing difficulties, palpitations, cough, headache, 

depression, anxiety, chest pain, changes in taste and smell, joint pain, diarrhea, and changes 

in menstrual cycle (Centers for Disease Control and Prevention [CDC], 2023). According 

to the World Health Organization (WHO) (2022), PCC is diagnosed by a physician at least 

three months after a positive COVID-19 diagnosis, with these symptoms remaining for no 

less than two months.  

With the COVID-19 pandemic now under control globally, the focus is shifting to PCC, 

which is observed to have debilitating consequences on the patients’ wellbeing. The 

prevalence of this condition is approximately 10–20% across different populations, 

although there is a lack of definitional consistency of what constitutes PCC (Bygdell et al., 

2023). Post-COVID-19 condition has been diagnosed in any person diagnosed with 
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COVID-19, although the risk increases in patients with a higher severity grade of COVID-

19 relative to individuals with a mildly severe disease (Mahmud et al., 2021; Rach et al., 

2023; Reme et al., 2023; Uniyal et al., 2022). Although intensive research is underway to 

unravel the pathological mechanisms that underlie PCC, inflammatory processes, virus-

triggered autoimmunity, and direct viral damage have been postulated as possible causes 

or triggers of PCC.  

Clinical characteristics of acute COVID-19, including fever, fatigue, joint pain, and 

dyspnea, may persist after clearance of the virus from the body. Guzman-Esquivel et al. 

(2023) recently documented that patients presenting with more acute COVID-19 symptoms 

and a higher severity score of the symptoms were at an increased risk of the protracted 

disease. Tachycardia, myalgia, dyspnea, fatigue, headache, and hoarse voice were 

individual symptoms that could predict the chronicity of symptoms (Guzman-Esquivel et 

al., 2023; Sudre et al., 2021).  

One of the hallmarks of acute COVID-19 is inflammation, and this has been implicated in 

PCC by several studies. Individuals presenting with PCC have been found to have elevated 

circulating levels of  several inflammatory factors, including C-reactive protein (CRP), 

lactate dehydrogenase, D-dimer, and interleukin 6 (IL-6), as well as tumor necrosis factor 

alpha (TNF-α) (Lai et al., 2023). Maamar et al. (2022) proposed the possibility of low-

grade inflammatory processes in PCC after tissue damage. The primary symptoms of low-

grade inflammation mirror those of PCC and include myalgia, arthralgia, and chronic 

fatigue.  
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In addition, antibodies against SARS-CoV-2 are important in characterizing the PCC status. 

Sero-conversion from immunoglobulin (Ig) M to IgG mainly occurs at the second or third 

week following SARS-CoV-2 infection, and IgG antibodies are sustained for months or 

years (Sette & Crotty, 2021). A higher likelihood of persistence of IgG antibodies past 90 

days following diagnosis of COVID-19 was observed among individuals with more 

symptoms and severe pulmonary involvement (Bichara et al., 2021). In contrast, low 

production of anti-SARS-CoV-2 IgG antibodies during acute COVID-19 has been reported 

to be a predictor of persisting symptoms after 6–7 months (Augustin et al., 2021). The low 

levels of antibodies in the acute stage correspond to a weak humoral response and could 

lead to the persistence of the disease. Conversely, Hackenbruch et al. (2023) documented 

elevated anti-SARS-CoV-2 in individuals who still complained of symptoms 5–6 months 

post diagnosis of COVID-19. These conflicting findings nonetheless suggest a possible 

association between the humoral response initiated against SARS-CoV-2 and the 

development of PCC symptoms.  

1.2 Statement of the Problem 

Post-COVID-19 condition  is a developing phenomenon, and few studies have clarified its 

characteristics and risk factors. The lingering problems after resolution of acute COVID-

19 create a heavy economic burden at individual and societal levels. In a virtual study of 

persons presenting with PCC, 22.3% reported absenteeism from work and 45.2% sought 

lighter duties, relative to their pre-COVID status (Davis et al., 2021). Moreover, in the 

United States, patients with PCC incurred excess costs of about 70% in children and 46% 

in adults over a six-month period in comparison to those without PCC (Pike et al., 2023). 

However, scientific reports on PCC in Kenya are virtually non-existent, despite coverage 
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of this healthcare problem in the local media (Chacha, 2022; Citizen TV Kenya, 2023; 

Shikanda, 2021). Characterizing the population in the post-COVID-19 era and determining 

the burden of the protracted condition in the Kenyan population will provide insight into 

its ramifications on people’s wellbeing.  

In addition, given the non-specific and heterogeneous characteristic of PCC, biomarkers 

which can effectively diagnose this condition are currently lacking, and this is a significant 

hindrance to treatment and surveillance (Patel et al., 2023). Nevertheless, some studies 

have postulated the clinical usefulness of inflammatory biomarkers, such as IL-6 and CRP, 

in diagnosing and predicting the possible occurrence of PCC (Giannitrapani et al., 2023; 

Lai et al., 2023; Maamar et al., 2022). C-reactive protein is a sensitive indicator of 

inflammation and is routinely measured in clinical laboratories (Luan et al., 2021), and IL-

6 is centrally involved in COVID-19 pathology as a proinflammatory marker (Batiha et al., 

2022). Also, the persistence of anti-SARS-CoV-2 antibodies after recovery from acute 

COVID-19 has been reported to point to possible PCC (Bichara et al., 2021). However, 

some patients with PCC have reported low levels of anti-SARS-CoV-2 antibodies during 

the acute phase of COVID-19 (Augustin et al., 2021). Therefore, additional research is 

valuable to supplement the existing evidence on the potential utility of inflammatory 

indicators and antibodies in diagnosing PCC. 

1.3 Justification 

This study will deepen the understanding of the PCC status of patients, as emphasized by 

the WHO in its “Strategic preparedness and response plan: April 2023–April 2025” on the 

need to undertake more studies to understand and characterize PCC (World Health 

Organization, 2023a). Ensuring a robust understanding of the post COVID-19 status and 
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its interplay with clinical features, anti-SARS-CoV-2 humoral response, and inflammation 

might assist in predicting the population vulnerable to the protracted disease, improving 

diagnosis, and determining pathways of care. Much of the available knowledge on PCC is 

from studies on populations elsewhere and whose findings may not apply to our Kenyan 

situation, necessitating this research study. 

1.4 Research Questions 

1. What is the prevalence of post-COVID-19 condition among members of the Kenyatta 

University community?  

2. What are the IL-6 and CRP levels in individuals with post-COVID-19 condition in 

Kenyatta University Community? 

3. Is there an association between clinical characteristics and anti-SARS-CoV-2 IgG levels 

in individuals with post-COVID-19 condition in Kenyatta University community? 

1.5 Objectives 

1.5.1 General Objective 

To determine the clinical, inflammatory, and serological markers among individuals with 

and without post-COVID-19 condition in Kenyatta University community setting, Nairobi 

City County, Kenya. 

1.5.2 Specific Objectives 

1. To determine the prevalence of post-COVID-19 condition in Kenyatta University 

community. 

2. To compare IL-6 and CRP levels between individuals with and without post-COVID-19 

condition in the Kenyatta University community. 
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3. To examine the association between clinical characteristics and anti-SARS-CoV-2 IgG 

levels among individuals with and without post-COVID-19 condition in the Kenyatta 

University community. 

1.6 Significance of the Study 

The study will be useful in mapping the burden and features of PCC in Kenyatta 

University community, which will be important in understanding the aftermath of 

COVID-19. In addition, characterizing the inflammatory profile of participants will 

supplement the increasing evidence of the plausible involvement of inflammation in post-

COVID-19 condition and the possible role of inflammatory factors as biomarkers for 

identifying the prolonged effects of COVID-19. Also, by investigating the association 

between clinical characteristics of COVID-19 and anti-SARS-CoV-2 antibody status, the 

study may provide a clue on the possible contribution of immune processes to post-

COVID-19 sequalae and thus guide vaccination strategies. Overall, the findings of this 

study may enhance the global epidemiological knowledge of PCC. 
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CHAPTER TWO: LITERATURE REVIEW 

This section provides a detailed review of the available scholarly evidence on PCC. It 

includes the etiology, epidemiology, definition, manifestations, and risk factors for PCC. 

Further, it describes the involvement of the immune processes in COVID-19, in addition 

to the pathophysiology, diagnosis, and treatment of PCC.  

2.1 Etiology and Epidemiology of COVID-19 

Coronavirus disease 2019 develops after infection with SARS-CoV-2, a positive-sense 

RNA virus that is categorized in the coronaviridae family. The genus is betacoronavirus, 

whereas the species is severe acute respiratory syndrome-related coronavirus (Sharma et 

al., 2021). Severe acute respiratory syndrome coronavirus 2 is believed to have infected 

humans through spillover effects from wildlife. This virus gets into the human cell through 

the viral S protein, following interaction with its receptor, angiotensin-converting enzyme 

2 (ACE2) (Telenti et al., 2022). The virus also interacts with other receptors, including L-

SIGN, sialic-acid-binding immunoglobulin-like lectin 1, and DC-SIGN, which facilitate 

its trans-infection (Telenti et al., 2022).  

In December 2019, China reported the initial case of COVID-19, after which the disease 

rapidly spread across the globe. Given its quick spread and high burden in terms of 

morbidity and mortality, the WHO declared it a pandemic on March 11, 2020 (World 

Health Organization, 2020). SARS-CoV-2 undergoes adaptive mutations that results in 

multiple variants with different pathogenicity (Aleem et al., 2023). Five variants of concern 

had been detected by December 2021 and include Alpha (initially reported in UK, 

December 2020) and Beta (South Africa, December 2020). Gamma variant emerged in 
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Brazil in January 2021, Delta was identified in India in December 2020, and then Omicron 

was initially reported in South Africa in November 2021 (Aleem et al., 2023). The Alpha 

variant was reported to cause severe disease leading to elevated mortality. In contrast, the 

Omicron variant has high viral infectivity, causes mild disease, and has become the 

dominant variant across the globe (Aleem et al., 2023). As of September 13, 2023, the 

WHO had registered 770,563,467 positive cases of COVID-19 and 6,957,216 mortalities 

worldwide (World Health Organization, 2023b). By the same date, Kenya had confirmed 

a total of 343,955 cases, in addition to 5,689 deaths (World Health Organization, 2023b). 

However, COVID-19 cases likely exceed the official figures, given that the disease has 

become generally mild and may resolve without medical treatment (Davis et al., 2021). 

Individuals presenting with either mild, moderate, or severe grade of COVID-19 are 

susceptible to PCC (Bygdell et al., 2023). 

2.2 Definition of PCC 

Post-COVID-19 condition, which is also termed as long COVID, is a syndrome defined by 

lingering acute manifestations of COVID-19. Based on the definition provided by the 

WHO, one is considered to have PCC when the symptoms of acute COVID-19 remain or 

new symptoms emerge 3 months following COVID-19 diagnosis, last for ≥ 2 months, and 

lack another causative explanation (World Health Organization, 2022). Post-COVID-19 

condition  is considered a patient-made disease, as it was first defined by patients who met 

in social media and shared experiences of persisting COVID-19 symptoms (Callard & 

Perego, 2021). Patients coined the term “long COVID” and “long haulers” as they 

documented the challenging path to recovery. In March and April 2020, newspapers and 

non-scholarly journals started publishing the personal accounts of many patients with 
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lingering symptoms after acute COVID-19 (Callard & Perego, 2021). Online support 

groups were formed as patients started to appeal for attention from the governments 

regarding the gravity of their PCC symptoms. Following the sustained efforts by patients, 

the scientific community began appreciating the potential sequelae of COVID-19, and 

many studies have since been conducted to understand this health problem.  

2.3 Prevalence and Clinical Manifestations of PCC 

Individuals with PCC present with multisystem complaints, such as cough, fever, fatigue, 

dyspnea, chest pain, brain fog, insomnia, arthralgia, palpitations, anorexia, anosmia, and 

ageusia, which persist for many weeks or months. According to the findings of an 

observational study undertaken in the United States, PCC at one year since COVID-19 

onset had a prevalence of 7.3%, with female patients, those not vaccinated, and those with 

co-occurring diseases recording a higher prevalence (Robertson et al., 2023). Additionally, 

Taquet et al. (2021) retrospectively studied patients who previously had COVID-19, and 

they reported PCC symptoms after six months in 36.55% of the patients. 

Anxiety/depression, abdominal discomfort, altered breathing, fatigue, chest pain, headache, 

cognitive symptoms, and muscle pain showed the highest prevalence at rates of 15.49%, 

8.29%, 7.94%, 5.87%, 5.71%, 4.63%, 3.95%, and 1.54%, respectively (Taquet et al., 2021). 

The authors revealed that 60.1% of the participants complained of lingering symptoms that 

manifested in the acute COVID-19 stage, while 39.9% developed new symptoms missing 

in the acute stage (Taquet et al., 2021).  

In a longitudinal online study conducted in France, 85% of individuals with COVID-19 

noted that the symptoms still remained one year following symptom onset (Tran et al., 
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2022). The authors reported decreasing, stable, and increasing patterns in the proportion of 

persons with PCC complaints. After one year, the burden of diarrhea, coughing, ageusia, 

and anosmia decreased; that of dyspnea remained unchanged; and that of paraesthesia, low 

back pain, and hair loss increased (Tran et al., 2022). In a survey undertaken in Spain, PCC 

after two years of acute disease had a prevalence of 59.7% and 67.5% among the patients 

who were hospitalized and those not hospitalized, respectively, with fatigue, memory loss, 

and pain as the most common manifestations (Fernández-de-las-Peñas, Rodríguez-Jiménez, 

et al., 2022). Further, Seeßle et al. (2021) conducted a prospective research in Germany; 

77.1% of individuals diagnosed with COVID-19 complained of persisting symptoms after 

a follow-up of one year. The following were the most prevalent symptoms: reduced 

capacity to exercise, fatigue, difficulty concentrating, dyspnea, difficulty finding words, 

and insomnia at 56.3%, 53.1%, 39.6%, 37.5%, 32.3%, and 26.0%, respectively (Seeßle et 

al., 2021). In Switzerland, persisting manifestations of COVID-19 were observed in 22.9%, 

18.5%, 19.2%, and 17.2% of the patients at six, 12, 18, and 24 months, respectively, 

compared to the uninfected participants in the general population (Ballouz et al., 2023). At 

24 months, the predominant symptoms were fatigue, dyspnea, depression, anxiety, and 

stress.  

Further, in another prospective online study conducted in Korea, 52.7% of the individuals 

had PCC, and difficulty concentrating, cognitive dysfunction, and fatigue were the 

predominant clinical manifestations with a one-year prevalence of 22.4%, 21.2%, and 

16.2%, respectively (Kim et al., 2022). Concentration difficulty was the primary symptom 

in patients aged 18–49 years, while cognitive dysfunction and fatigue were the predominant 

symptoms in those aged 50–59 years and ≥60 years, respectively (Kim et al., 2022). 
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Correspondingly, a prospective cohort research in China reported the burden of the 

condition as 43.2% at one-year follow-up and 19.8% at two-year follow-up (Yang et al., 

2022). In both periods, muscle pain, anxiety, dyspnea, tight chest, and fatigue comprised 

the predominant symptoms, with sweating mainly prevalent at one-year follow-up. The 

clinical manifestations were stratified into persisting and newly emerged symptoms; 

muscle pain, fatigue, tight chest, anxiety, and dyspnea were the predominant persisting 

symptoms, while anxiety, fatigue, cough, tight chest, and expectoration predominated 

among the new-onset symptoms (Yang et al., 2022).  

In a retrospective research undertaken in Nigeria, PCC complaints were identified in 56.7% 

of the patients at 9 months following discharge from hospital for acute COVID-19 (Ogoina 

et al., 2021). The authors identified dyspnea, fatigue, and coughing as the predominant 

manifestations. No discrepancy in the burden of PCC complaints was identified according 

to sex or age group (Ogoina et al., 2021). In addition, in a longitudinal research in South 

Africa, Jassat et al. (2023) reported a prevalence of 46.7% of persisting COVID-19 

symptoms at 6 months among hospitalized individuals compared to a prevalence of 18.5% 

among the non-hospitalized patients during the same period. Among the hospitalized 

compared to the non-hospitalized individuals, the predominant manifestations at 6 months 

after COVID-19 diagnosis encompassed fatigue (32.1% vs 11.7%), dyspnea (15.6% vs 

4.9%), and headache (10.3% vs 4.9%). The prevalence of the persistent symptoms was 

significantly higher among females and older individuals aged above 40 years (Jassat et al., 

2023).  
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2.4 Risk Factors for PCC 

2.4.1 Sex 

The chronicity of the COVID-19 manifestations, particularly cognitive dysfunction, 

amnesia, depression, and insomnia, is postulated to be related to female sex of adult 

patients (Kim et al., 2022). Also, Peghin et al. (2021) and Asadi-Pooya et al. (2021) 

observed that female sex could predispose women to PCC symptoms. Women were more 

likely to report depressive symptoms, ocular problems, dyspnea, reduced sleep quality, hair 

loss, and fatigue (Fernández-de-las-Peñas, Martín-Guerrero, et al., 2022). Additionally, 

female sex was a significant factor in developing three PCC symptoms or more compared 

to male sex (Fernández-de-las-Peñas, Martín-Guerrero, et al., 2022). However, in children 

and young adults aged up to 18 years, female sex showed no relationship to the PCC 

symptoms (Morello et al., 2023). Although further research is ongoing, the higher burden 

of pain syndromes in women and the hyper-inflammatory conditions created by female 

hormones may underlie the higher vulnerability of adult women to persisting COVID-19 

complaints (Fernández-de-las-Peñas, Martín-Guerrero, et al., 2022; Ortona et al., 2021). 

However, the sex discrepancies in the risk of the protracted condition are also likely 

because women are more attentive to their wellbeing and are responsive to body distress 

(Bai et al., 2022).  

2.4.2 Age 

Age is also potentially a predisposing factor to PCC, with older age groups above 40 years 

being more vulnerable than the younger age groups (Tsampasian et al., 2023). In a self-

report research in the United Kingdom, older patients (≥70 years) were more vulnerable to 

the condition (Sudre et al., 2021). Correspondingly, a research undertaken in Tunisia 
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revealed that older age of 60 years or above raised the vulnerability to PCC (Chelly et al., 

2023). The relationship between age and PCC complaints is complex, given that the clinical 

features of PCC are similar to those of chronic diseases, such as respiratory diseases, 

hypertension, and diabetes, that are common in older adults (Mansell et al., 2022). 

Therefore, COVID-19 may exacerbate these conditions. Moreover, older adults have 

greater vulnerability to severe COVID-19, thus exposing them to systemic derangement 

and organ damage that cause persisting symptoms (Daitch et al., 2022). Also, pulmonary 

reserve reduces with age, which consequently increases the risk of persisting fatigue and 

dyspnea in older adults (Daitch et al., 2022).  

2.4.3 Severity of Acute COVID-19 Symptoms 

Severe acute COVID-19, which is defined by dyspnea and requirement for supplemental 

oxygen, prolonged hospital stay, and intensive care unit admission, has been shown to 

predispose patients to PCC (Kim et al., 2022; Peghin et al., 2021; Yang et al., 2022). 

Presenting with a higher number of symptoms at COVID-19 onset is also used to define 

severe disease, and having more than five symptoms was reported to be a predictor of the 

protracted condition (Sudre et al., 2021). Possibly, patients who have undergone a severe 

course of COVID-19 experience heightened immune activity, including cytokine storm, 

which leads to greater organ damage (Asadi-Pooya et al., 2021). In addition, persons with 

a severe course of COVID-19 receive aggressive treatment, such as mechanical ventilation, 

intubation, and corticosteroid therapy, which are associated with iatrogenic effects that 

have long-term effects (Asadi-Pooya et al., 2021).  
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2.4.4 Presence of Underlying Chronic Conditions 

The symptoms of chronic illnesses, such as respiratory diseases, cardiovascular disease, 

depression, and diabetes, may mirror those of PCC, but the presence of chronic diseases 

can predispose patients to persisting or new-onset symptoms. In the study by Yang et al. 

(2022), coexisting cerebrovascular diseases were identified as a predisposing factor to new-

onset symptoms. A survey in Norway found that having two or more comorbidities was 

related to a greater load of persisting symptoms (Stavem et al., 2021). In addition, patients 

with pre-existing high blood pressure were identified as a vulnerable group to PCC after 

one-year follow-up in Russia (Pazukhina et al., 2022).  

2.4.5 Vaccination Status 

The quick transmission of COVID-19 globally necessitated the development of vaccines 

under the Emergency Use Authorization (EUA). Typically, vaccines takes 10–15 years 

before they are fully developed, tested, and approved for use, but under EUA, the COVID-

19 vaccines were developed in 10–18 months in the United States and European countries 

(Kashte et al., 2021). The first vaccines to be approved under the EUA were the Pfizer-

BioNTech (BNT162b2, approved first in UK), Moderna (mRNA-1273, approved first in 

the US), and Oxford–AstraZeneca (approved first in UK) in December 2020. Both 

BNT162b2 and mRNA-1273 are mRNA vaccines, which comprise synthetic RNA 

sequences that encode the S protein (Fortner & Schumacher, 2021). In contrast, Oxford–

AstraZeneca is an adenoviral vector vaccine, in which the viral vector is used to deliver the 

S-protein gene into the cell. More vaccines were approved in 2021, including Johnson & 

Johnson (Janssen), an adenoviral vector vaccine, and Sinopharm vaccine (BBIBP-CorV), 

an inactivated virus vaccine (Haq et al., 2022). In a systematic review of 27 papers, the 
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uptake of COVID-19 vaccines by March 2022 varied across regions, with the rate ranging 

from 46.6% in Sub-Saharan Africa to 98.9% in Europe (Adu et al., 2023). By December 

2023, the WHO notes that an average 56% of the population globally had been 

administered at least a single dose of the vaccine (World Health Organization, 2024).  

Coronavirus disease 2019 vaccines can protect patients from the PCC symptoms. 

Administering two vaccine doses of COVID-19, but not one, protected against the 

persistence of symptoms (Gao et al., 2022). However, vaccination alleviated the risk of 

only sleep-related problems, myalgia, kidney problems, and cognitive dysfunction (Gao et 

al., 2022). Although the mechanism for the lower risk of the protracted disease in 

vaccinated patients has not been elucidated, it is postulated that vaccination leads to less 

severe disease, which ensures less damage to the organs and tissues (Notarte et al., 2022). 

Also, vaccinated individuals eliminate the virus from the body quickly, which alleviates 

the risk of chronic inflammation that is postulated to underlie PCC (Notarte et al., 2022).  

2.4.6 Circulating SARS-CoV-2 Variant 

The dominant circulating SARS-CoV-2 variant also influences the risk of developing PCC. 

The omicron variant is reported to carry a reduced risk of persisting manifestations relative 

to the preceding variants, including Delta and Alpha variants (Morello et al., 2023). In an 

observational research among adult UK patients, the incident rate of the protracted 

condition was elevated in the delta (10.8%) than in the omicron period (4.5%) (Antonelli, 

Pujol, et al., 2022). Similarly, a prospective survey conducted in Texas, United States, 

reported that 8.0% of individuals complained of PCC during the pre-delta period in 

comparison to 3.4% during the delta and post-delta periods (Messiah et al., 2022). 
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Conversely, the occurrence of PCC did not significantly differ between the Omicron and 

pre-omicron periods in Japan, although the number of cases was slightly lower in the 

Omicron period (Morioka et al., 2022). The tendency of reduced risk of the protracted 

condition in the Omicron period implies lower disease severity in this period than in the 

other preceding waves.  

2.5 Immune Response to COVID-19 

The immune activity against SARS-CoV-2 contributes to the pathology of COVID-19. 

This virus triggers immune responses from both the innate and adaptive pathways. 

2.5.1 Innate Immunity 

Once SARS-CoV-2 enters the human cell, dendritic cells and macrophages, which express 

pattern recognition receptors, identify the pathogen (Alefishat et al., 2022). Consequently, 

NLRP3 inflammasome, which is contained in macrophages, as well as in endothelial and 

epithelial cells, is activated and pro-inflammatory cytokines are released (Alefishat et al., 

2022). In addition, natural killer cells are important in antiviral activity, given their 

cytotoxic ability and greater capacity to produce cytokines (Zafarani et al., 2023). The 

natural killer cells destroy the virus-infected cells by triggering apoptosis, direct 

destruction by perforins and granzymes, and recruitment of other immune cells. Another 

first-line defense mechanism is the complement system, and involvement of the classical, 

mannose-binding lectin, and alternative pathway has been characterized in COVID-19 

(Alefishat et al., 2022; Mohammed et al., 2022). The complement proteins trigger signaling 

cascades for recruitment of inflammatory cells and tissue damage. The interferon 

regulatory factors are also activated to trigger type I interferons that induce apoptosis of 
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the infected cells. However, SARS-CoV-2 is known to suppress secretion of type I 

interferons via the expression of the open reading frame 6 (Mohammed et al., 2022). In 

this case, suppression of interferons inhibits further activation of macrophages and natural 

killer cells, thus allowing further viral replication, spread to other cells, and widespread 

inflammation.  

2.5.2 Adaptive Immunity 

The adaptive immunity encompasses a unified response of both T and B lymphocytes. 

Eliciting a stronger adaptive immunity is linked to less severe COVID-19, as the viral 

pathogen is suppressed and eliminated. T-cell responses involve both CD4+ and CD8+ 

cells, which act through specific mechanisms. CD4+ cells undergo differentiation into T 

helper 1 cells and T follicular cells, which contribute to anti-SARS-CoV-2 immune activity 

by producing cytokines, including interferon gamma (IFNγ), and providing help to B cells 

to produce neutralizing antibodies, respectively (Sette & Crotty, 2021). CD8+ cells provide 

immunity by acting directly on the virus-infected cell and are key immune components in 

COVID-19. The cytotoxic molecules produced by the CD8+ cells include IFNγ, CD107a, 

and perforin (Sette & Crotty, 2021). In most patients with COVID-19, cell-mediated 

immunity rather than humoral is considered dominant and is activated in the first week of 

infection (Mohammed et al., 2022). Patients presenting with an elevated number of CD4+ 

and CD8+ cells are reported to develop less severe disease. 

Activation of B cells triggers the release of immunoglobulins that bind to the viral antigen, 

blocking infection or marking infected cells for subsequent elimination by the natural killer 

cells through antibody-dependent cell cytotoxicity (ADCC). Also, memory B cells offer 
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prolonged immunity in readiness for future infection. Seroconversion in majority of 

patients with COVID-19 occurs between 5 and 15 days, with antibodies produced against 

the spike and nucleocapsid proteins (Azkur et al., 2020; Sette & Crotty, 2021) (Figure 2.1). 

In COVID-19, one of the primary antibodies to be produced after IgM is the IgA, which is 

critical for providing mucosal immunity. In addition to binding to the viral antigen, the IgA 

induces the production of pro-inflammatory cytokines, such as IL-6, and chemokines, such 

as monocyte chemoattractant proteins (Mohammed et al., 2022).  

 

Figure 2.1. Seroconversion following SARS-CoV-2 infection (Azkur et al., 2020) 

In individuals with a severe course of COVID-19, prolonged immune activation was 

observed at 3 months, with a predominance of activated CD4+ in addition to CD8+ T-cells 

(Santopaolo et al., 2023). These patients additionally presented with an elevated count of 

PCC symptoms (Santopaolo et al., 2023). The residual inflammation in the body and viral 
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persistence in bone marrow could explain the observed upregulation of activated T-cells 

(Govender et al., 2022). Moreover, Shuwa et al. (2021) reported aberrations in T and B 

cells after 3–6 months of COVID-19 diagnosis, with upregulated CD4+ T cells. In the 

prospective research by Peghin et al. (2021), those who still complained of COVID-19 

symptoms at 6 months presented with markedly elevated titers of IgG against SARS-CoV-

2 in comparison to persons lacking the symptoms. These findings suggest the continued 

viral activity in the body and lower humoral response. Similarly, a prospective study found 

that individuals with the highest number of PCC symptoms reported a delayed antibody 

response, as well as a lower peak of IgG antibodies against the spike protein (García-

Abellán et al., 2021).  

2.6 Pathophysiology of PCC 

Pathophysiology refers to the alterations in the body that culminate in a disease. Intensive 

research is currently ongoing to understand the pathophysiological processes underlying 

the emergence of post-COVID-19 sequelae. It seeks to clarify why some COVID-19 

survivors complain of persisting or new symptoms. Three primary mechanisms are 

hypothesized to underlie this condition: inflammation, autoimmunity, and direct viral 

damage. 

2.6.1 Inflammation  

Inflammation is a natural immune mechanism by the body in response to an injury or 

harmful stimuli and aims to remove the injurious stimuli and initiate healing. It is the key 

driver of immunopathology in COVID-19. Notably, the acute COVID-19 phase, especially 

severe disease, is characterized by a dysregulated immune state, with excessive production 
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of pro-inflammatory cytokines (Batiha et al., 2022). In effect, systemic inflammatory 

response syndrome is triggered in multiple body organs, including the lungs where fibrosis 

occurs (Batiha et al., 2022). Given this exaggerated immune activity, a compensatory anti-

inflammatory response syndrome (CARS) is activated to counterbalance the pro-

inflammatory response and thus alleviate further organ damage and restore normal immune 

homeostasis (Oronsky et al., 2023) (Figure 2.2). However, in some patients, the CARS 

effect exceeds the pro-inflammatory response, leading to immunosuppression and a state 

known as persistent inflammation, immunosuppression, and catabolism syndrome (PICS), 

which has been observed in patients after sepsis (Oronsky et al., 2023). When there is 

chronic immunosuppression, PICS dominates, and this is postulated to be the underlying 

mechanism for PCC.  

 

Figure 2.2. The interplay between pro-inflammatory and anti-inflammatory responses in 

the development of post-COVID-19 condition (Oronsky et al., 2023) 

The persistent and low-grade inflammation is associated with prolonged tissue damage, 

which releases damage-associated molecular patterns (DAMP) that trigger further 

inflammation across various tissues (Maamar et al., 2022). Low-grade inflammation is 
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characterized by myalgia, depressive disorders, and chronic fatigue. Entry of pro-

inflammatory cytokines into the brain and persistent activation of microglia cells causes 

long-term neuroinflammation (Low et al., 2023). In effect, the patient may experience 

cognitive dysfunction and brain fog. This may also alter neurotransmission and activity of 

various neurotransmitters, such as serotonin and dopamine, thus leading to depressive and 

anxiety symptoms (Low et al., 2023). In addition, myocardial inflammation could 

precipitate myocardial symptoms, including arrhythmia and heart failure (Castanares-

Zapatero et al., 2022). Dyspnea is suggested to result from fibroproliferative damage of the 

lungs following chronic inflammation. Further, long-term use of supplemental oxygen in 

severe COVID-19 cases may cause oxidative stress and thus trigger inflammatory damage 

of the lungs via the fibrotic pathway (Castanares-Zapatero et al., 2022).  

Upregulation of inflammatory biomarkers has been detected in persons presenting with 

PCC, supporting the probable contribution of inflammatory processes to this protracted 

condition. A study in Italy revealed that elevated IL-6 at baseline showed an association 

with persisting symptoms and was a plausible predictor of the development of PCC after 

one year (Giannitrapani et al., 2023). In the cross-sectional research by Maamar et al. 

(2022) in Spain, individuals with PCC 3 months following the acute disease had elevated 

levels of inflammatory factors, including neutrophils, CRP, and fibrinogen, compared to 

those with no PCC. Similar findings of increased levels of inflammatory factors, including 

D-dimer, erythrocyte sedimentation rate, CRP, and ferritin, were observed in a case control 

study among COVID-19 survivors in Egypt (Gameil et al., 2021). In another study, 

Schultheiß et al. (2022) observed marked elevation of IL-6 levels in those with PCC 

relative to those without the disease 8 months following acute COVID-19. The elevated 
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inflammatory markers point to residual inflammation in the population with prolonged 

COVID-19 complaints. To underscore the potential role of IL-6 in driving PCC, 

tocilizumab, a drug that inhibits the action of IL-6, was observed to improve the PCC 

complaints in the United States (Visvabharathy et al., 2022).  

2.6.2 Autoimmunity 

Autoimmunity refers to the immune response to self-antigens and has been postulated as a 

mechanism in PCC. Apart from genetic factors, environmental factors, including 

pathogens, have been reported to trigger autoimmune diseases. Viruses are especially 

known to activate autoimmune diseases, including autoimmune myocarditis, multiple 

sclerosis, autoimmune hepatitis, and Guillain-Barré syndrome (Hosseini et al., 2022). In 

PCC, one possible process underlying autoimmunity is the creation of neutrophil 

extracellular traps (NETs), which are known to provide favorable conditions for formation 

of autoantibodies (Torres-Ruiz et al., 2021). NETs comprise microbicidal proteins, oxidant 

enzymes, and chromatin, which are formed to fight infection. During COVID-19, there is 

continuous activation of macrophages and neutrophils, with an increase in NETs, and this 

causes chromatic re-organization that alters the body’s immune tolerance to self-antigens 

and microbes (Torres-Ruiz et al., 2021).  

An additional mechanism explaining autoimmunity in PCC is increased B-cell activation. 

Patients with elevated B-cell activation have upregulated immune response, including 

against self-antigens. B-naïve cells, which are activated through the extrafollicular pathway, 

are upregulated in individuals with autoimmune conditions (Knight et al., 2021). These B-

naïve cells tend to produce pathogenic autoantibodies, as they lack checkpoints for 
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autoreactivity. Thus, COVID-19-related autoimmunity is postulated to be related to 

autoantibodies activated by SARS-CoV-2 invasion (Chen et al., 2022; Knight et al., 2021).  

Further, molecular mimicry, which refers to similarity between self and foreign antigens 

has been postulated to cause autoimmunity in individuals presenting with prolonged 

COVID-19 complaints. Karami Fath et al. (2021) identified 23 SARS-CoV-2 peptides that 

matched human peptides. These peptides are abundant in many tissues, including the brain, 

kidney, skeletal muscles, and liver, and thus an immunogenic response could be triggered 

in different tissues (Rojas et al., 2023).   

In a prospective research in Colombia, the authors found that 63.6% of the persons with 

PCC had at least one autoantibody, while 48.5% had two or more autoantibodies (Acosta-

Ampudia et al., 2022). This was an increase from 57.6% and 33.3% during the acute 

disease phase, respectively. Some of the autoantibodies that were elevated include anti-β2 

glycoprotein-1 and antinuclear antibodies. These results suggest the persistence of 

polyautoimmunity after COVID-19 and might be responsible for certain clinical 

manifestations in the protracted condition. Bertin et al. in France reported a case of a 

woman who developed persistent PCC symptoms, including neurological complaints, in 

whom IgG anticardiolipin autoantibodies were detected and remained positive after one 

year (Bertin et al., 2021).  

2.6.3 Direct Viral Damage 

Severe acute respiratory syndrome coronavirus 2 causes direct cytopathic effects that can 

potentially trigger symptom longevity. Notably, SARS-CoV-2 exhibits tropism for 

multiple cells in the body that express the ACE2. Physiologically, ACE2 converts 
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angiotensin II into angiotensin I for various biological functions in different tissues, 

including lung, heart, pancreas, muscles, blood vessels, and the brain. Once the virus binds 

to ACE2, it blocks its function and causes its downregulation, leading to angiotensin II 

accumulation, and the functions of the affected tissues are altered (Priya et al., 2022). 

Angiotensin II acts as an inflammatory mediator by regulating chemo-attractants and 

adhesion molecules. In addition, it promotes oxidative damage of the cells. Thus, 

dysfunctional ACE2 exposes patients to multi-organ damage, including diffuse alveolar 

damage, myocarditis, acute kidney injury, damage to olfactory and gustatory nerves, and 

damage to the intestinal mucosa (Priya et al., 2022). The multi-organ damage could 

underlie the diversity of PCC manifestations.  

The direct viral damage can be exacerbated when viral particles remain in the body. A 

previous research revealed SARS-CoV-2 RNA in different organs up to seven months post 

infection (Stein et al., 2022). In addition, prolonged shedding of the viral RNA in stool 

following resolution of the acute symptoms of COVID-19 suggests viral persistence. In a 

United States study, 12.7% of the individuals still shed the SARS-CoV-2 RNA in stool at 

four months and 3.7% at seven months, periods when oropharyngeal samples were 

polymerase chain reaction (PCR)-negative for SARS-CoV-2 (Natarajan et al., 2022). 

Patients with prolonged shedding of the virus in stool also complained of persistent 

gastrointestinal symptoms, including nausea, vomiting, and abdominal pain. Continuous 

viral shedding was also noted in a case report by Omololu et al. (2021) who observed PCR-

positive nasopharyngeal samples for about 18 weeks since diagnosis and the patient 

experienced various symptoms such as breathlessness, joint pain, fatigue, and insomnia.  
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2.7 Diagnosis of PCC 

Post-COVID-19 condition is primarily diagnosed based on clinical presentation at 3 

months post-acute COVID-19, with the manifestations persisting for no less than 2 months, 

as indicated by the WHO (World Health Organization, 2022). However, the United States 

CDC and the Africa CDC recommend diagnosis of PCC in those with no recovery of acute 

COVID-19 at four weeks after diagnosis (Africa CDC, 2021; CDC, 2020). Of note, 

diagnosis relies heavily on the personal account of patients regarding their history of 

COVID-19 and their recovery journey. The healthcare provider also undertakes physical 

examination of the patient. Given that COVID-19 symptoms, including fatigue, headache, 

sore throat, and joint pain, are also observed in other health conditions, there is a need for 

differential diagnosis to exclude the presence of chronic diseases. A basic panel of tests 

comprising complete blood count and inflammatory markers, as well as kidney, liver, and 

thyroid functions, should be performed (CDC, 2020). More specialized tests such as 

troponin for myocardial injury, D-dimer for coagulation disorders, and rheumatoid factor 

and anti-nuclear antibodies for rheumatological conditions may be important according to 

the preliminary clinical evaluation (CDC, 2020). In addition, chest X-rays, echocardiogram, 

electrocardiogram, and computed tomography are also important for these patients (CDC, 

2020). 

As PCC manifestations are highly subjective and vary among patients, certain biomarkers 

are under investigation to ensure a more objective and reliable diagnosis of PCC. 

Inflammatory markers, including CRP and IL-6, are relatively upregulated in individuals 

with PCC (Yong et al., 2023), demonstrating their potential in aiding diagnosis. Moreover, 

the spike protein of the virus is detectable in some persons complaining of persisting 
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symptoms for up to one year and could be a potential biomarker for the condition (Swank 

et al., 2023). 

2.8 Treatment and Prevention of PCC 

The treatment for PCC aims to improve patient function and reduce suffering to enhance 

the quality of life. As the disease is highly heterogenous and its pathophysiology is not 

definite, no standard treatment is available for patients who present with PCC symptoms. 

Thus, the available medications seek to alleviate the symptoms, such as analgesics for pain 

and paracetamol for fever (Banerjee et al., 2022). Patients with depressive disorders and 

anxiety can receive supportive treatment in terms of counseling and behavioral therapy. In 

addition, rehabilitation treatment can be provided to patients with post-COVID-19 

breathlessness and may include simple deep breathing techniques, as well as yoga 

breathing techniques (Banerjee et al., 2022).  

However, several medications are at different phases of development and could be 

available in future. For example, Montelukast, which is a leukotriene antagonist is under 

testing for effectiveness against respiratory symptoms (Banerjee et al., 2022). Moreover, 

deupirfenidone/pirfenidone is being studied for treating pulmonary fibrosis in PCC 

(PureTech, 2023). Also, nicotinamide riboside, a complex of vitamin B, is under 

investigation for physical and cognitive symptoms (Guzman-Velez, 2022).  

The primary preventive measure for PCC is avoiding SARS-CoV-2 exposure and infection. 

Administering COVID-19 vaccines can protect against the persisting symptoms, as 

recommended by the CDC (CDC, 2020). The efficacy of vaccines in protecting against 

PCC is evident in previous research (Gao et al., 2022; Notarte et al., 2022).  
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2.9 Summary 

The reviewed literature shows that abundant research has been conducted on the 

epidemiology and mechanisms of PCC in particular regions of the world. However, similar 

studies are lacking in Africa in general, and Kenya in particular, necessitating more 

research to characterize the post-COVID-19 status of the local population in Kenya, as 

recommended by the WHO in its 2023–2025 strategic plan (World Health Organization, 

2023a). The literature also reveals that immunopathology underlies the progression and 

clinical manifestations of COVID-19. Chronic inflammatory processes are postulated to 

drive the development of PCC. According to the literature, markers of inflammation, such 

as IL-6 and CRP, are elevated in some people with lingering symptoms of COVID-19. 

Whether similar findings are likely to be obtained in the Kenyan population warrants 

further research, which could add to the existing understanding of the possible involvement 

of inflammatory processes in PCC. In addition, the literature suggests that the level of anti-

SARS-CoV-2 antibodies can potentially indicate the degree of immune activity toward the 

virus. Although inconclusive, persons exhibiting PCC are suggested to have a weak or 

delayed antibody response that fails to rapidly clear the virus. Thus, anti-SARS-CoV-2 

antibody titers in those with PCC is a gap in knowledge that needs to be further elucidated.  
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CHAPTER THREE: MATERIALS AND METHODS 

The section outlines the methodological approach employed in the present study. The 

research design, as well as study location and population, sample size calculation, data 

collection, laboratory investigation procedures, and data analysis, are described. The 

measures taken to comply with ethical requirements have also been mentioned.  

3.1 Study Design 

This was an analytical cross-sectional study undertaken from April to July 2023. 

3.2 Study Location 

The study was conducted at the Directorate of Kenyatta University Health Services clinic 

on main campus. This facility serves more than 10,000 members of the Kenyatta University 

Community, who comprise mainly of students, as well as teaching and non-teaching staff. 

The choice of this study location was informed by its high population and diversity.  

3.3 Study Population 

Volunteers from Kenyatta University Community, including both students and staff, were 

enrolled to this study. A call for participation was advertised through posters placed at 

different locations across the university (Appendix I). In addition, the posters were shared 

in WhatsApp groups of students and staff. All the participants who responded to the call 

for participation were consented for enrollment into the study.  

The inclusion criteria were (1) a student or staff at Kenyatta University, (2) age ≥ 18 years, 

(3) consent to complete the questionnaire, (4) willingness to provide blood specimens, and 
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(5) absence of acute health complaint unrelated to COVID-19 at enrollment. The exclusion 

criteria were (1) pregnant women, given their pro-inflammatory and anti-inflammatory 

states at various gestation stages (Abu-Raya et al., 2020), and (2) non-consenting 

participants. 

3.4 Sample Size Estimation  

The number of participants for enrollment in this study was estimated using Fisher’s 

formula (Lemeshow & Lwanga, 1990). Sample size calculation was based on a prevalence 

of 9.9% for PCC in Sub Saharan Africa (Karuna et al., 2023), as shown in the following 

formula: 

n= Z2PQ       

    E2
 

Where: n = the desired sample size 

             Z= 95% confidence interval (standard value of 1.96) 

             P= estimated prevalence of PCC (9.9%) 

            E = probable random error (5%) 

            Q= 1 – P or estimated proportion of failure   

n= 1.962×0.099(1-0.099) 

                0.052 

n= 3.8416× 0.099 × 0.901 

          0.05×0.05 

   = 137 participants  

Considering a potential 10% dropout rate, the required sample size was 151 participants. 

However, given the exploratory nature of this study and the focus on a poorly defined 
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condition, all eligible participants during the study period were recruited to improve the 

robustness of the findings.  

3.5 Sampling Technique  

The study employed purposive sampling technique, in which all participants who met the 

inclusion criteria were enrolled into the study until the required sample size was attained. 

3.6 Collection of Demographic and Clinical Data 

Clinical and demographic data were collected using a written questionnaire (Appendix II). 

The questionnaire was developed by a panel of faculty members involved in COVID-19 

research, thus ensuring its validity and reliability. The demographic data included sex, age, 

level of education, and current occupation. The clinical data included previous COVID-19 

diagnosis, date of last positive diagnosis of COVID-19, symptom count, duration of 

recovery, presence and type of persisting COVID-19 symptoms and new onset symptoms, 

and duration between COVID-19 diagnosis and onset of new symptoms. Also, COVID-19 

vaccination-related data, including vaccination status and date of vaccination were 

collected.  

3.7 Sample Collection 

Venous blood (4 ml) was collected using a red-top blood collection tube. The blood was 

centrifuged immediately for serum separation. Then, the serum was transferred to an 

Eppendorf tube labeled with an identification number and stored at -20 °C for analysis later.  
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3.8 Laboratory Investigations 

The serum was assayed for IL-6, given its central involvement in COVID-19 pathology as 

a proinflammatory marker (Batiha et al., 2022). Interleukin 6 was assayed via Quantikine 

Human IL-6 Immunoassay (R&D Systems, Minneapolis, MN). The procedure was 

undertaken as detailed in the guidelines detailed by the manufacturer. Briefly, assay diluent 

(100 µL) was dispensed into the microplate wells precoated with monoclonal antibody 

against IL-6. Then, 100 µL of the samples, standard, and control was dispensed into the 

plate, followed by 90-min incubation at 37 °C. A conjugate (200 µL; anti-human IL-6 

polyclonal antibody conjugated to horseradish peroxidase [HRP]) was dispensed into the 

wells, followed by 30-min incubation at 37 °C and then washing. Then, 200 µL of the 

substrate solution (TMB, tetramethylbenzidine) was dispensed to each well, followed by 

15-min incubation at 37 °C. Subsequently, stop solution (50 µL) was dispensed to the wells. 

The plate was read using a spectrophotometer (RT-2100C, Rayto Life and Analytical 

Sciences, Guangdong, China) within 30 min at 450 nm wavelength.  

In addition, CRP was assayed because it is a sensitive indicator of inflammation and is 

routinely measured in clinical laboratories (Luan et al., 2021). It was assayed using a CRP 

ELISA kit, as outlined in the instructions detailed by the manufacturer (Sigma-Aldrich, St. 

Louis, MO, USA). Here, 10 μL of the samples, control, and standard was dispensed into 

the microplate wells coated with anti-CRP monoclonal antibody, followed by 90-min 

incubation at 37 °C. Then, HRP conjugate (100 μL) was dispensed into the wells and mixed 

well, followed by 60-min incubation at 37 °C. The wells were washed, and substrate 

solution (TMB) (100 μL) was dispensed, followed by 15-min incubation at 37 °C. Then, 
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stop solution was dispensed, and the plate was read using the RT-2100C spectrophotometer 

within 15 min at 450 nm.  

Moreover, Human SARS-CoV-2 Spike (Trimer) IgG ELISA (Thermo Fisher Invitrogen, 

Waltham, MA, USA) was employed to quantify the serum levels of anti-SARS-CoV-2, as 

detailed by the manufacturer. Briefly, 90 μL of assay buffer was dispensed into the 

microplate wells coated with trimerized spike protein. Then, 10 μL of the sample, standard, 

and control was dispensed, followed by 30-min incubation at 37 °C. Subsequently, the 

wells were washed, and HRP conjugate (100 μL) was dispensed, followed by 30-min 

incubation at 37 °C. After this, the substrate solution (TMB, 100 μL) was dispensed, 

followed by 15-min incubation at room temperature. Stop solution was dispensed into the 

wells, and the plate was read using the RT-2100C spectrophotometer immediately at 450 

nm.  

3.9 Data Analysis 

The questionnaire data were coded and stored in Excel spreadsheet for further export to 

SPSS Version 18 (IBM Corp, Armonk, NY) for analysis. Descriptive statistics were 

applied in analyzing the prevalence of PCC, characteristics of participants, including age, 

sex, COVID-19 diagnosis and symptoms, duration of symptoms, and vaccination status. 

The Chi-square test was useful for comparing categorical variables, such as sex and 

vaccination status, which are expressed as a percentage. Further, comparison of continuous 

variables, such as age, duration of symptoms, and number of symptoms was performed 

using t-test, and these variables are described in terms of mean.  
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Laboratory data, including IL-6, CRP, and anti-SARS-CoV-2 IgG levels, were stored in 

Excel spreadsheet and exported to SPSS for analysis. IL-6 and CRP levels, in addition to 

anti-SARS-CoV-2 IgG titers, are described as mean. T-test was employed to compare the 

IL-6, CRP, and anti-SARS-CoV-2 IgG levels between the persons with and without PCC. 

Whether a relationship exists between anti-SARS-CoV-2 IgG titers and number of 

COVID-19 symptoms was determined using Pearson correlation test. Statistical 

significance was denoted by p value < 0.05. 

3.10 Ethics Statement 

Ethical approval to carry out this study was obtained from the Kenyatta University Ethics 

Review Committee (Appendix III). Permission to collect data at the Directorate of 

Kenyatta University Health Services was sought from university management. Further 

authorization to undertake the research was received from NACOSTI (Appendix IV). All 

the details of the study, including the procedure, discomfort, risks, and benefits, were 

explained to the participant, who then provided written informed consent (Appendix V).   
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CHAPTER FOUR: RESULTS 

The results section presents the study results based on the research objectives. Herein, the 

participants’ demographic and clinical features, prevalence of PCC, and comparison of 

demographic and clinical characteristics between the individuals with and without PCC 

are reported. In addition, results on the concentration of anti-SARS-CoV-2 IgG, IL-6, and 

CRP are reported. A research article based on these findings has been published in a 

scholarly journal (Appendix VI).  

4.1 Demographic and Clinical Characteristics of the Participants 

A total of 189 participants took part in this study. Among these participants, 40 indicated 

that they had a history of positive COVID-19 diagnosis. Further, 12 of the 40 participants 

had PCC, with 7 and 6 participants reporting new and persisting symptoms, respectively. 

The study flowchart is presented in Figure 4.1. 
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Figure 4.1. Study flowchart. One participant reported both persisting and new symptoms. 

KEY: PCC, post-COVID-19 condition. 

 

Among the 189 participants, there were 50.8% and 49.2% female and male participants, 

respectively. The average age was 23.46 years, and majority of the participants (71.4%) 

were aged 20–29 years. Those below 19 years comprised 15.9% of the population and those 

above 50 years comprised 2.6% of the population. Further, 56.6% of the participants were 

vaccinated against COVID-19, whereas 43.4% were non-vaccinated. The highest level of 
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education for all the participants was college/university, and majority (89.9%) were 

students whereas the rest were teaching and non-teaching staff at proportions of 5.3 and 

4.8%, respectively (Table 4.1).  

 

Table 4.1. Clinicodemographic characteristics of study participants from Kenyatta 

university 

 Variables Frequency (N) Percentages (%) 

Sex Male  93 49.2 

 Female 96 50.8 

Age (years) ≤19 30 15.9 

 20–29 135 71.4 

 30–39 10 5.3 

 40–49 9 4.8 

 ≥50 5 2.6 

Vaccination status Vaccinated 107 56.6 

 Not vaccinated 82 43.4 

Level of education College/ University 19 10.1 

 Current Student 170 89.9 

Current occupation Teaching staff 10 5.3 

 Non-teaching staff 9 4.8 
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 Students 170 89.9 

 

 

Among the 40 participants who reported a previous history of positive COVID-19 

diagnosis, 70% were aged 20–29 years. Those aged 19 years and below comprised 10%, 

whereas those aged 50 years and above constituted 2.5% of the participants. Regarding sex, 

52.5% were female, whereas 47.5% were male. The proportion of vaccinated individuals 

was 65%, whereas the rest were not vaccinated (35%). Majority of the participants with 

COVID-19 history were students at a proportion of 87.5%, followed by non-teaching and 

teaching staff at 7.5% and 5%, respectively (Table 4.2). 

 

Table 4.2. Clinicodemographic characteristics of participants with COVID-19 history 

from Kenyatta university 

 Variables Frequency (N) Percentages (%) 

Sex Male  19 47.5 

 Female 21 52.5 

Age (years) ≤19 4 10 

 20–29 28 70 

 30–39 3 7.5 

 40–49 4 10 

 ≥50 1 2.5 
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Vaccination status Vaccinated 26 65 

 Not vaccinated 14 35 

Current occupation Teaching staff 2 5 

 Non-teaching staff 3 7.5 

 Students 35 87.5 

 

KEY: COVID-19, coronavirus disease 2019 

4.2 Prevalence of PCC 

The prevalence of PCC was 30% (12/40), as shown in Figure 4.2. This prevalence 

considered the participants who either reported persisting or newly emerged symptoms 

after recovering from acute COVID-19. 

 

Figure 4.2. Prevalence of post-COVID-19 condition in Kenyatta university.  

30%

70%

Prevalence of post-COVID-19 condition

With post-COVID-19 symptoms Without post-COVID-19 symptoms
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KEY: COVID-19, coronavirus disease 2019 

4.2.1 Persisting Symptoms of COVID-19 

Among the 12 participants with PCC, the frequent persisting symptoms were cough (n=3, 

33.3%), sore throat (n=2, 22.2%), and runny/stuffy nose (n=2, 22.2%) (Figure 4.3). 

 

Figure 4.3. Persisting symptoms of COVID-19 among participants with post-COVID-19 

condition from Kenyatta university.  

KEY: COVID-19, coronavirus disease 2019 

4.2.2 New Symptoms after Acute COVID-19 

The new symptoms manifested by the participants with PCC are indicated in Figure 4.4. 

Fatigue (n=3, 16.7%) and loss of smell/taste (n=3, 16.7%) were the mostly reported 

symptoms. The less frequent symptoms were diarrhea (n=1, 11.1%) and fatigue (n=1, 

11.1%) among persisting symptoms and dizziness (n=1, 5.6%), altered menstrual cycle 
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(n=1, 5.6%), earache (n=1, 5.6%), shortness of breath (n=1, 5.6%), depression and anxiety 

(n=1, 5.6%), and loss of appetite (n=1, 5.6%) among new symptoms.  

 

Figure 4.4. New symptoms manifested by the participants with post-COVID-19 condition 

from Kenyatta university.  

KEY: COVID-19, coronavirus disease 2019 

4.3 Comparison of the Clinical and Demographic Characteristics Between 

Individuals With and Without PCC Symptoms 

The average number of COVID-19 symptoms for individuals who later developed PCC 

was significantly higher in comparison to that of participants without the condition (>7 vs 

< 6, p = 0.01, t-test). Similarly, those who developed PCC reported a significantly longer 

duration of COVID-19 symptoms relative to those without the condition (1.58 weeks vs 
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1.21 weeks, p-value = 0.02, t-test). However, the two groups were not significantly 

different according to age, sex, and vaccination status (Table 4.3).  

Table 4.3. Clinicodemographic characteristics of participants with and without PCC 

symptoms from Kenyatta university 

 Variables With PCC 

symptoms 

n (%) 

Without PCC 

symptoms 

n (%) 

P-value 

Sex Male  5 (41.7%) 14 (50%) 0.446 a 

 Female 7 (58.3%) 14 (50%)  

Age (years) ≤19 3 (25%) 1 (3.6%) 0.122 b 

 20–29 7 (58.3%) 21 (75%)  

 30–39 2 (16.7%) 1 (3.6%)  

 40–49 - 4 (14.2%)  

 ≥50 - 1 (3.6%)  

Current occupation Teaching staff - 2 (7.1%)  

 Non-teaching 

staff 

- 3 (10.7%)  

 Students 12 (100%) 23 (82.2%)  
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Vaccination status Vaccinated 7 (58.3%) 18 (64.3%) 0.72 a 

 Not vaccinated 5 (41.7%) 10 (35.7%)  

Number of 

symptoms (n) 

 >7 <6 0.01 b 

Duration of 

symptoms (weeks) 

 1.58 1.21 0.02 b 

a chi-square test; b independent t-test.  

KEY: COVID-19, coronavirus disease 2019; PCC, post-COVID-19 condition 

4.4 Concentration of Biomarkers 

4.4.1 Inflammatory Markers: Interleukin-6 and C-Reactive Protein 

The mean IL-6 levels were 11.4 pg/ml and 8.1 pg/ml in those with PCC and those without 

the condition, respectively, with no significant difference (p-value = 0.9). Similarly, 

difference in CRP levels between the two groups was non-significant (0.05 vs 0.04 mg/L, 

p-value = 0.28) (Table 4.4).  

4.4.2 Anti-SARS-CoV-2 IgG titers 

The group with PCC had a lower mean of anti-SARS-CoV-2 IgG levels relative to the 

group without PCC, but the difference lacked statistical significance (1.7 × 108 vs 2.1 × 

108 Units/mL, p-value = 0.08) (Table 4.4). 

Table 4.4. Comparison of anti-SARS-CoV-2 IgG, IL-6, and CRP between participants 

with and without PCC symptoms from Kenyatta university 
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 Variables With PCC 

symptoms  

Without PCC 

symptoms 

P-value a 

IL-6 (pg/ml)  11.40 8.10 0.90 

CRP (mg/L)  0.05 0.04 0.28 

Anti-SARS-

COV-2 IgG 

(Units/mL) 

 1.7 × 108 2.1 × 108 0.08 

a independent t-test.  

KEY: IgG, immunoglobulin gamma; IL-6, interleukin 6; PCC, post-COVID-19 condition; 

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 

Reference ranges for IL-6: 0–16.4 pg/mL 

Reference ranges for CRP: 0–5 mg/L 

 

4.4.3 Correlation of number of COVID-19 symptoms with anti-SARS-CoV-2 

IgG titers 

Among participants with PCC, the number of COVID-19 symptoms was negatively 

correlated to anti-SARS-CoV-2 IgG titers, but not significantly (𝑟= -0.15, p = 0.63) 

(Figure 4.5). 
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Figure 4.5. A scatter plot showing the correlation between number of COVID-19 

symptoms and anti-SARS-CoV-2 titers among individuals with post-COVID-19 condition 

from Kenyatta university.  

KEY: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory 

syndrome coronavirus 2 

Regarding the participants without PCC, the number of COVID-19 symptoms depicted a 

positive correlation with the anti-SARS-CoV-2 titers, but with no statistical significance 

(r=0.25, p-value 0.2) (Figure 4.6).  

R² = 0.024

0

1

2

3

4

5

6

7

8

9

10

0 100000000 200000000 300000000

N
u
m

b
er

 o
f 

sy
m

p
to

m
s

Anti-SARS-CoV-2 IgG titers (Units/mL)



45 

 

 

 

  

Figure 4.6. A scatter plot showing the correlation between number of COVID-19 

symptoms and anti-SARS-CoV-2 IgG titers among individuals without post-COVID-19 

condition from Kenyatta university.  

KEY: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory 

syndrome coronavirus 2   
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CHAPTER FIVE: DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 

This section discusses the current study results in comparison to existing literature. In line 

with the study objectives, the discussion focuses on the prevalence of PCC, anti-SARS-

CoV-2, and inflammatory biomarkers. The main conclusions of the study and the 

recommendations are also outlined.  

5.1 Discussion 

5.1.1 Prevalence of PCC 

The prevalence of PCC was 30%, in which six participants reported persistent symptoms 

and seven participants reported new-onset symptoms. The result implies that a notable 

section of the population with COVID-19 history is suffering from long-term effects of the 

disease, and thus more public health attention may be required for these patients. The 

prevalence of PCC observed in the present study mirrors that observed in the United states 

(36.5%) (Taquet et al., 2021), but higher than that reported in South Africa (18.5%) (Jassat 

et al., 2023), Switzerland (19.2%) (Ballouz et al., 2023), and China (19.8%) (Yang et al., 

2022). In addition, it was lower than that reported in Nigeria (56.7%) (Ogoina et al., 2021), 

Spain (67.5%) (Fernández-de-Las-Peñas et al., 2022), Germany (77.1%) (Seeßle et al., 

2021), and France (85%) (Tran et al., 2022).  

5.1.2 Persisting and New-Onset Symptoms of COVID-19 

Among the persisting symptoms reported in the present study, the most frequent were 

cough, sore throat, and runny/stuffy nose at rates of 33.3%, 22.2%, and 22.2%, respectively. 

As COVID-19 is primarily a respiratory disease, the present findings show that the 

common persisting symptoms were related to the respiratory system. However, patients 
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with COVID-19 history present with diverse manifestations. Persistent cough was also 

reported among non-hospitalized patients in South Africa at a lower rate of 3.5%. In France, 

the most common persisting symptoms at one year were anomia at a prevalence of 48% 

and dyspnea at 44.5% (Tran et al., 2022). Further, a study in Spain reported that fatigue 

(47.7%), pain (29.9%), and memory loss (15.9%) were the most common persisting 

symptoms after two years among non-hospitalized individuals with COVID-19 

(Fernández-de-Las-Peñas et al., 2022). In China, Yang et al reported fatigue (26.9%), 

sweating (17.4%), and chest tightness (13.0%) as the most predominant symptoms at one 

year following COVID-19 diagnosis (Yang et al., 2022). The mechanistic processes that 

could explain symptom persistence have not been conclusively defined but it is postulated 

that incomplete immune response may cause a continued activity of the SARS-CoV-2 virus 

(Jacobs, 2021). Viral particles that remain in the body may trigger various immune 

pathways such as direct viral killing and inflammatory responses.  

In the present study, fatigue, loss of taste/smell, joint pain, muscles aches and pain, and 

palpitations were the most frequent new symptoms at rates of 16.7%, 16.7%, 11.1%, 11.1%, 

and 11.1%, respectively. These symptoms point to the diversity of the PCC, showing that 

multiple organs, other than the respiratory system, are involved. Yang et al. reported 

fatigue as the predominant new symptom at a rate of 45% (Yang et al., 2022). Other new 

symptoms included anxiety (19%), chest tightness (15%), cough (10%), and expectoration 

(8%) (Yang et al., 2022). The common new symptoms in a Brazilian population were 

fatigue, shortness of breath, headache, myalgia, and nausea/vomiting in 11.4%, 8.5%, 6.8%, 

4.7%, and 4.7%, respectively (Titze-de-Almeida et al., 2022). In the United States, Taquet 

et al. reported anxiety/depression as the most common new symptom at a rate of 15.49% 
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and myalgia as the most infrequent symptom at a rate of 1.54% (Taquet et al., 2021). The 

emergence of new symptoms in individuals with COVID-19 history is thought to be a result 

of viral reactivation or a delayed immune activity.  

The diversity of the persisting and new-onset symptoms points to the multi-tropism 

characteristic of SARS-CoV-2. Angiotensin-converting enzyme 2, which is the primary 

receptor for SARS-CoV-2, is expressed in many tissues, including the lungs, muscles, 

blood vessels, and brain (Priya et al., 2022). The virus alters the function of ACE2, thus 

disrupting the physiological processes in the affected organs (Priya et al., 2022). In addition, 

virus entry into the various tissues triggers immune responses, including inflammation, that 

disrupt the function of the organs. For example, loss of taste and smell could be due to 

infection of the olfactory neuron (Loganathan et al., 2021). Also, dyspnea and coughing 

are respiratory symptoms that could be due to the hyperinflammatory state of the lungs 

(Loganathan et al., 2021). The involvement of the musculoskeletal system in PCC, as 

evidenced by the complaints of joint pain, muscle pain, and fatigue, suggest a possible 

activity of the virus the tissues (Appelman et al., 2024).  

5.1.3 Association of Number and Duration of COVID-19 Symptoms With 

Anti-SARS-CoV-2 

The average number of COVID-19 symptoms was higher in individuals considered to have 

the PCC relative to those without. The number of symptoms is considered to indicate 

disease severity (Gerhards et al., 2021), and our findings imply that those with severe 

COVID-19 were more vulnerable to PCC. Similarly, in those with PCC, COVID-19 

symptoms took a significantly longer duration to clear than in those without the condition. 
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The prolonged duration of symptoms may indicate a longer viral activity or continued 

immune activity. Of note, Bichara et al. reported a higher level of anti-SARS-CoV-2 IgG 

levels in individuals with symptoms lasting 21 days or more (Bichara et al., 2021). 

The present study also showed that the mean anti-SARS-CoV-2 IgG levels were not 

significantly different between the participants with and without PCC, although the group 

with the condition showed a trend toward a lower mean of the IgG levels. Similarly, 

Gerhands et al. reported stable levels of IgG, irrespective of presence of PCC symptoms 

(Gerhards et al., 2021). In contrast, Hackenbruch et al. (2023) observed that patients with 

PCC at 6 months had increased levels of antibodies, suggesting continued viral activity that 

was triggering the immune response. 

The study findings show that the higher the number of COVID-19 symptoms, the lower 

the anti-SARS-CoV-2 IgG titers, although this relationship showed no statistical 

significance. On the contrary, Bichara et al. reported that more symptoms were associated 

with elevated anti-SARS-CoV-2 IgG titers (Bichara et al., 2021). Similarly, the finding by 

Bichara et al. did not reach statistical significance.  

No significant difference in age was observed according to PCC status. In contrast, 

according to previous reports, age is a predisposing factor to PCC, with people aged above 

60 years showing the highest vulnerability (Chelly et al., 2023; Sudre et al., 2021). Older 

age is linked to lower immunity, leading to severe disease (Chelly et al., 2023). The 

absence of age difference in the present study could be attributed to the relatively 

homogenous population, as 70% of the participants were aged 20–29 years.  
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In addition, sex showed no association with the presence or absence of PCC, contrary to 

previous studies reporting that female sex raises the vulnerability to PCC (Asadi-Pooya et 

al., 2021; Kim et al., 2022; Peghin et al., 2021). However, our finding mirrors that of a 

previous study that showed no sex difference in a young population comprising children 

and young adults aged 18 years and below (Morello et al., 2023). The average age of the 

participants in the present study was 19 years, which is comparable to that of the previous 

study.  

Further, vaccination status showed no significant difference according to PCC status. This 

finding implies that COVID-19 vaccination does not protect against the prolonged effects 

of COVID-19. Consistently, Kim et al. also observed that vaccination status had no 

relationship with PCC risk (Kim et al., 2024). Vaccination may not be effective against 

pre-existing PCC symptoms (Notarte et al., 2022). In contrast, COVID-19 vaccination has 

been reported to alleviate PCC by reducing the COVID-19 severity (Antonelli, Penfold, et 

al., 2022).   

5.1.4 Inflammatory Biomarkers 

This study investigated the IL-6 and CRP levels and found no difference according to the 

presence or absence of PCC. Interleukin 6 and CRP are key inflammatory markers and 

their lack of statistical significance in the present study could suggest the involvement of 

other pathophysiological processes, other than inflammation, in PCC. The present findings 

are corroborated by the results of Queiroz et al. who also reported that IL-6 was not 

elevated in individuals with PCC (Queiroz et al., 2022). However, the results contradict 
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those of Schultheiß et al. and Yin et al. who observed elevated IL-6 levels in people with 

PCC (Schultheiß et al., 2022; Yin et al., 2023).  

The absence of a statistically meaningful difference in CRP according to PCC status is 

contrary to reports of several previous studies, which have identified CRP as a key marker 

of PCC (Abdullah et al., 2023; Giridharan et al., 2023; Xuereb et al., 2023). C-reactive 

protein is a sensitive marker of inflammation that is related to the production of pro-

inflammatory cytokines such as IL-6 (Abdullah et al., 2023).  

The lack of significant difference in inflammatory biomarkers according to the PCC status 

in the present study may be due to the inclusion of a homogenously young population. This 

population is likely to develop mild COVID-19 that is accompanied by less inflammation 

and systemic degradation compared to the older population that is likely to develop severe 

disease (Hu et al., 2023). In addition, the degree of inflammation has been reported to 

increase with age, and the older adults have a pro-inflammatory state (Müller & Di 

Benedetto, 2023). Consequently, a marked increase in CRP and IL-6 may be expected in 

older people with PCC. 

5.2 Conclusions 

According to the present study findings, the following conclusions can be made: 

1. The prevalence of PCC is 30% among those reporting prior diagnosis of COVID-

19, with six participants reporting persistent COVID-19 symptoms and seven 

participants reporting new-onset symptoms. Cough, sore throat, and runny/stuffy 

nose are the most frequent persisting symptoms, whereas fatigue, loss of smell/taste, 

and joint pain are the most frequent new-onset symptoms.  
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2. The IL-6 and CRP levels did not differ significantly between the individuals with 

and without PCC.  

3. Anti-SARS-CoV-2 IgG levels showed no significant difference between the 

individuals with and without PCC, although there was a trend toward lower levels 

in those with the condition. The number and duration of COVID-19 symptoms were 

significantly higher in individuals with PCC than in those without the condition. 

The number of COVID-19 symptoms had no significant correlation with anti-

SARS-CoV-2 IgG levels in both groups with and without PCC.  

5.3 Recommendations 

This study recommends that public health authorities should conduct: 

1. Public health surveillance for PCC even in the young population.  

2. Screening for other inflammatory markers, in addition to IL-6 and CRP. 

3. More holistic assessment that encompasses the clinical signs, anti-SARS-CoV-2 

levels, and pathology. 

5.4 Suggestions for Further Studies 

For future research, the study recommends that: 

1. Well-designed prospective studies across age groups should be conducted to 

better define PCC and identify biomarkers that can aid its diagnosis  

2. Further investigation of inflammatory factors other than IL-6 and CRP in 

individuals with PCC should be performed. 

3. Additional research on the association between anti-SARS-CoV-2 IgG levels and 

PCC in individuals recovering from acute COVID-19 should be performed.  
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Appendices 

Appendix I: Poster 

 

This poster was used to mobilize potential participants for the indicated duration (17th to 

30th May). Similar posters were published during the entire data collection period.  
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