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ABSTRACT 
 

Family with sequence similarity 26, member F (FAM26F) is a significant modulator of innate 

immune system that plays an essential role in wide and varied immune responses; however, the 

association between FAM26F expression and COVID-19 infection is not yet known. The current 

study investigated the differential expression of FAM26F during COVID-19 infection. The 

investigation also examined how the expression levels of FAM26F change as the infection 

worsens. Using Real-time qPCR, the expression of FAM26F and marker genes was evaluated. Our 

results indicate that FAM26f is significantly downregulated in COVID-19-infected patients 

compared to the control group (t = 3.138, df = 59, P = 0.0027). Higher expression was observed 

in COVID-19 recovered cases, most likely because of decreased infection and enhanced immunity. 

The expression level of FAM26F was negatively correlated with the absolute neutrophil count 

(Pearson r=-0.383, P = 0.0470), which may be a result of ROS burst, which deregulates Ca+2 

levels and consequently decreases FAM26F expression. Our research is the first to demonstrate an 

association between FAM26F and COVID-19 infection. It is possible to improve COVID-19 

clearance or containment by reversing ROS production and Ca2+ deregulation with calcium 

modulators and antioxidants, most likely by modifying the expression of FAM26F, and this 

possibility merits further study. 
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INTRODUCTION 

 

Immunity pertains to the fundamental capacity of a host to hold out against attack of pathogens, 

which otherwise would have an adverse impact on host’s ability to survive. To provide immunity 

against foreign antigens including bacteria, viruses, parasites, cancer cells, and fungus, the immune 

system is made up of a variety of cells, cellular components, or substances that mediate immunity, 

as well as complex pathways. In addition to the physical and chemical defenses against infection, 

the immune system can be split into two groups: innate immunity and adaptive immunity. Proteins 

are the focal elements responsible for directing convoluted immune networks and producing 

distinctive malleable inflammatory responses.  One of the recently discovered immune player is 

the FAM26F (Family with sequence similarity 26), which has an ability to effect intricate 

immunological responses. In 2010, scientists discovered a molecule residing on the cell surface, 

derived from TLR signals, and was found to regulate mDC–NK contact conciliated Natural Killer 

cell activation. Due to its ability to activate NK cells, FAM26F has the potential to be employed 

as a therapy for malignancies that are sensitive to NK cells (Ebihara et al., 2010a).  

In humans, the calcium modulatory protein FAM26F is found on chromosome 6. It is made up of 

1141 bp of gene and 315 amino acid protein having a molecular weight of 34.258kD. Fam26F 

contains a Calcium modulatory domain (Ca hom mod) that is important in the maintenance of 

calcium concentrations in the cytosol and is a pore-forming cation channel that aids in the 

movement of macromolecules, calcium ions, and micromolecules inside, outside, or within a cell 

(Malik et al., 2020). FAM26F contains an immunoglobin-like fold composed of sheets paired with 

antiparallel strands connected by a single di-sulfide bridge that envelopes a hydrophobic inner 

core. The immunoglobulin folds or domains communicate with one another via beta-sheets (Figure 

1.1). 
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Figure 1.1: Structure of FAM26F - An immunoglobin-like fold made up of sheets paired with 

antiparallel strands linked by a single di-sulfide bridge that surrounds a hydrophobic inner core. 

Beta-sheets allow immunoglobulin folds or domains to communicate with one another (Potapov 

et al., 2004). 

 

The production of interferon-gamma (IFN-g) by Natural Killer (NK) cells is promoted by inducing 

the expression of FAM26F on the surface of immune cells, hence FAM26F has the potential to be 

utilized in immunotherapy (Kasamatsu et al., 2014). Pre-infection levels of FAM26F were found 

in SIV-infected Rhesus macaques to correlate with the overall viral load during the acute phase of 

infection, establishing FAM26F as one of the earliest prognostic markers that can provide details 

about the forte and speed of the antiviral immune response (Javed et al., 2016). Inside the cell, 

FAM26F exhibits homeostatic role by upholding the level of calcium and was showed to 

negatively correlate with Thioredoxin level; a study revealed that various immune responses are 
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either activated or suppressed by interplay of FAM26F with CD30R or Thioredoxin with CD30R 

(Malik et al., 2020). According to a recent study on the relationship between FAM26F and HBV 

infection, as its level lowers in HBV infection compared to control, FAM26F expression can be a 

main predictive marker for infection in HBV patients (Jabeen et al., 2021).  

The control of intracellular Ca2+ signaling, which is connected to ROS regulation in turn, is one 

of the strategies viruses use to generate a favorable cellular environment due to the varied nature 

of a Ca2+ signal. Fascinatingly, FAM26F is also known as Calcium Homeostasis Modulator 

Protein 6 (CALHM6) because it has a conserved Calcium Homeostasis Modulator (Ca hom-mod) 

domain. Recently, it was discovered that FAM26F shares functional similarities with calcium-

binding proteins, leading to the hypothesis that cytosolic calcium disturbances control the 

expression of FAM26F (Casciano et al., 2017). Additionally, among the 371 genes with variable 

expression that were functionally connected to oxidative stress and inflammation, FAM26F was 

found to be one of the best classifiers (Defamie et al., 2008). In the placental transcriptome of 

Villitis of Unknown Etiology (VUE), FAM26F was similarly found to be considerably up 

regulated alongside several chemokines, MHC class I, and MHC class II molecules, where its 

expression increased in relation to the severity of the inflammatory process (Brito et al., 2005).  

Following an epidemic of a respiratory illness with no known cause in Wuhan City, Hubei 

Province, China, in December 2019, a new type of beta coronavirus genus known as severe acute 

respiratory syndrome coronavirus 2 was found (SARS-CoV-2). 1 On February 11 of that year, the 

World Health Organization (WHO) designated the sickness as Coronavirus Disease 2019 (Covid-

19). As of November 4, it has been connected to more than 628 million confirmed cases, more 

than 6.57 million fatalities, and high contagiousness, infectivity, and asymptomatic incubation 

periods (Cascella et al., 2022) . Around the world, there is considerable research on its 
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pathogenesis. The SARS-CoV-2-caused COVID-19 is a complicated illness in which the 

interactions between the virus and its target cells, the immune system's activity, and the body's 

overall reaction to these events are linked. Severe COVID-19 infection results in exuberant 

endothelial inflammatory responses, vascular thrombosis, and an unbalanced and uncontrolled 

cytokine response (known as a cytokine storm) (Montazersaheb et al., 2022). The uneven host 

response to the infection is likely what causes the pathological changes in the organs and tissues, 

such as the increased activation of immunological, endothelial, and platelet cells. Most likely, the 

oxidative stress brought on by cell activation may have a significant impact on the etiology of 

COVID-19 (Vollbracht & Kraft, 2022). The COVID-19 disease spectrum is varied, and age and 

the existence of co-morbid conditions affect how the disease manifests. Early suspicion, diagnosis, 

monitoring, and recognition of problems, as well as patient care and disposition, all depend heavily 

on biomarkers. Each of these elements individually may have significant effects on the 

administrative structure and the healthcare system, directly affecting patient care. It goes without 

saying that clinical assessment will be crucial at every stage, and bedside decision-making will 

need to significantly incorporate biomarkers. Instead of using a single biomarker, we could choose 

to use a biomarker panel. We cannot disregard difficulties with availability and price. The large 

amount of data that is constantly being added to the COVID-19 literature makes it impossible for 

doctors to compile and critically analyze it to extract information that is practically beneficial for 

patients. It is crucial to have national or regional policies that adapt the information accessible to 

the needs of the local community. 

Here, we suggest that COVID-19 and FAM26F expression are related because it is possible that 

the COVID-induced inflammation has certain effects on the synthesis of FAM26F. FAM26F is 

also regarded as a crucial immunological signaling cascade participant, activator, and regulator of 
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the innate immune response. Therefore, the current study investigated how FAM26F is 

differentially expressed during COVID-19 infection. The investigation also probed into how 

FAM26F's expression levels alter as the infection worsens.  

OBJECTIVES 
 

1. Mortality Rate of COVID-19 across various age groups and genders.  

2. High Neutrophil and low Lymphocyte count, a hallmark of COVID-19 

3. Expression of FAM26F in infected vs control groups  

4. Trends in expression level of FAM26F as the disease progresses
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LITERATURE REVIEW 
 

2.1 FAM26F 
 

The FAM26F (Family with Sequence Similarity 26) is a recently identified immune player with 

the capacity to trigger complex immunological reactions. An on-cell surface molecule generated 

from TLR signals was reported to control mDC-NK contact conciliated Natural Killer cell 

activation in 2010, according to research. FAM26F has the potential to be used as a therapeutic for 

cancers that respond well to NK cells because of its capacity to stimulate NK cells (Ebihara et al., 

2010a). On chromosome 6 in humans, the calcium-modulating protein FAM26F can be present. It 

is composed of a 315 amino acid protein with a molecular weight of 34.258 kD and a gene of 1141 

base pairs. The pore-forming cation channel Fam26F comprises a calcium modulatory domain (Ca 

hom mod) that is crucial for maintaining calcium levels in the cytosol and facilitates the flow of 

macromolecules, calcium ions, and micromolecules inside, outside, or within a cell (Kasamatsu et 

al., 2014). A hydrophobic inner core is encased by an immunoglobin-like fold in FAM26F that is 

made up of sheets paired with antiparallel strands joined by a single di-sulfide bridge. Beta-sheets 

are how the immunoglobulin folds or domains communicate with one another. FAM26F has the 

potential to be used in immunotherapy because it encourages the expression of FAM26F on the 

surface of immune cells, which in turn helps Natural Killer (NK) cells produce interferon-gamma 

(IFN-g) (Kasamatsu et al., 2014). FAM26F has been identified as one of the earliest prognostic 

markers that can provide information about the strength and speed of the antiviral immune 

response. Pre-infection levels of FAM26F were found in SIV-infected Rhesus macaques to 

correlate with the overall viral load during the acute phase of infection (Javed et al., 2016). A study 

demonstrated that different immune responses are either activated or repressed by interaction of 
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FAM26F with CD30R or Thioredoxin with CD30R, which maintains the level of calcium inside 

the cell and was shown to negatively correlate with Thioredoxin level (Malik et al., 2020). 

FAM26F expression may be a key predictive marker for infection in HBV patients, according to 

a recent study on the link between FAM26F and HBV infection. As its level is lower in HBV 

infection compared to control (Jabeen et al., 2021). 

Due to the complex structure of a Ca2+ signal, one method used by viruses to create a beneficial 

cellular environment is the control of intracellular Ca2+ signaling, which is linked to ROS 

regulation in turn. Fascinatingly, because FAM26F has a conserved Calcium Homeostasis 

Modulator (Ca hom-mod) domain, it is also known as Calcium Homeostasis Modulator Protein 6 

(CALHM6). Recently, it was found that FAM26F functions similarly to calcium-binding proteins, 

which gave rise to the theory that changes in cytosolic calcium regulate the production of FAM26F. 

(Casciano et al., 2017). FAM26F was also discovered to be one of the top classifiers among the 

371 genes with variable expression that were functionally linked to oxidative stress and 

inflammation (Defamie et al., 2008). Similar to other chemokines, MHC class I, and MHC class 

II molecules, FAM26F was discovered to be significantly up regulated in the placental 

transcriptome of Villitis of Unknown Etiology (VUE), where its expression increased in response 

to the severity of the inflammatory process (Brito et al., 2005) 

2.2 FAM26F AS PROGNOSTIC BIOMARKER  
 

Protracted non-progressors of the simian immunodeficiency virus (SIV) as well as some 

uninfected macaques can decrease viral replication in vitro without destroying the infected cells. 

By using transcriptional profiling, (Javed et al., 2016) sought to pinpoint the variables causing 

non-cytolytic viral suppression and explore their possible effects on SIV replication. FAM26F 

RNA levels separated CD8+ cells of controllers and non-controllers, according to the results of 
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microarray tests and additional validation with cells from infected and uninfected macaques 

(P=0.001). FAM26F was expressed in both CD4+ T-cells and B-cells, though. In vitro IFN-

treatment led to an average 40-fold increase in FAM26F expression in lymphocytes, and ex vivo 

FAM26F RNA levels in peripheral blood mononuclear cells associated with plasma IFN-but not 

with IFN-. Even though individual expression levels varied up to tenfold, baseline FAM26F 

expression seemed to be consistent for months. Investigating FAM26F's role in SIV infection 

indicated that it was elevated after infection (P = 0.0008), but that, unlike MX1 and CXCL10, it 

did not directly correlate with viral burden. However, during the acute and post-acute phases of 

infection, pre-infection levels of FAM26F were inversely correlated with overall plasma viral load 

(AUC) (e.g., AUC weeks post infection 0-8; no AIDS vaccine: P0.0001, Spearman rank 

correlation coefficient (rs)=0.89, n=16; immunized with an AIDS vaccine: P=0.033, rs=0.43; 

n=25). Prior to infection, FAM26F transcript levels can reveal details regarding the intensity and 

rate of the immune system's antiviral response. The authors concluded that FAM26f expression 

served as one of the early prognostic markers and may be used in conjunction with MHC-typing 

to predict illness development prior to SIV infection. 

Researchers wanted to learn more about how HBV infection affected the differential expression 

of FAM26F in vivo in HBV-infected people and in vitro in HepAD38 and HepG2 cell lines (Jabeen 

et al., 2021). Also assessed were the impact of antioxidants and calcium inhibitors on the control 

of FAM26F expression. The expression of FAM26F and the well-known HBV infection indicators 

IRF3 and IFN- were both measured at the same time. Real-time qPCR and western blot were used 

to assess the expression of FAM26F and marker genes. According to their findings, IRF3 and IFN- 

followed the same trend as FAM26F in terms of differential expression. According to the in vitro 

investigation, FAM26F expression was dramatically reduced in both HBV-infected cell lines as 



Literature Review  Chapter 2 

19 
 

compared to control cells that were not infected with the virus. N-acetyl-L-cysteine (NAC), 

EGTA-AM, BAPTA-AM, and Ru360 treatment of cells dramatically increased the expression of 

FAM26F in both cell lines. In addition, all HBV-infected groups in the in vivo investigation 

showed significantly lower FAM26F expression than controls (p = 0.0007). The expression was 

higher in the HBV recovered cases, most likely because of these people's increased immunity and 

decreased infection. Their research is the first to demonstrate a link between FAM26F and HBV 

infection. It was suggested that FAM26F expression might serve as an early indicator of HBV 

infection and is therefore deserving of further study. 

2.3 FAM26F OXIDATIVE STRESS  
 

Through extracellular Ca2+ influx and Ca2+ release from intracellular stores (Endoplasmic 

Reticulum (ER) and Golgi), which ultimately mediates the release of significant amounts of ROS, 

calcium homeostasis plays a key role in the activation of immune system cells (Nunes et al., 2013). 

By producing ROS, the host cell is then able to effectively activate IRF-3 via RIG-I and the 

downstream antiviral genes (Soucy-Faulkner et al., 2010). Due to its calcium homeostasis 

modulator domain, FAM26F, also known as Calcium homeostasis modulator protein 6 

(CALHM6), has recently come to be recognized as a potent innate immunity modulator (Malik et 

al., 2017). FAM26F is functionally related to calcium-binding proteins, specifically to 

Thioredoxin, and it has been suggested that cytosolic calcium disturbances control the expression 

of FAM26F (Malik et al., 2020). Like this, it has been demonstrated that HBV expression is 

associated with alterations in calcium homeostasis and an increase in ROS levels (Waris et al., 

2001). It was hypothesized that FAM26F might be involved in Ca2+ and ROS regulation following 

HBV infection because of the Ca2+ modulation it causes and its interaction with Thioredoxin. 

Therefore, (Jabeen et al., 2021) exhibited how FAM26F expression is regulated in vitro, in vivo, 
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and in HBV-infected individuals as well as how ROS and calcium inhibitors affect this regulation. 

IRF3, and IFN- were also investigated concurrently with FAM26F for their expression regulation 

due to the importance of IRF3 and IFN- in mediating antiviral response and their reported 

involvement in regulating and enhancing FAM26F expression (Ebihara et al., 2010a; Zhang et al., 

2010). Their findings showed that when compared to control cells that were not infected with 

HBV, the expression of FAM26F, IRF3, and IFN- was significantly down-regulated in both HBV 

replicating (HepAD38) and HBV induced (HepG2) cells. IRF3, and IFN-, whose expression has 

decreased, can be attributed to the various ways that HBV has evolved to evade the host immune 

system by interrupting IFN-inducing cascades (Bai et al., 2015; Khan et al., 2016; Wan et al., 

2017). It's interesting to note that both IRF3 and IFN- are necessary for promoting the expression 

of FAM26F. When NK cells were activated by FAM26F, it was discovered that this process 

required the activation of TICAM-1 and IRF-3 because TICAM-1 or IRF3 knockout mDC was 

unable to fully induce NK cytotoxicity (Ebihara et al., 2010a). FAM26F was found to be a 

responsive gene that was induced by more than one cytokine (IFN-, IFN-, and IL-10) in a different 

study looking into the diverse macrophage activation in response to cytokines (Zhang et al., 2010). 

Given that IRF3 and IFN- are FAM26F's upstream players and that viral infection impairs their 

expression, it was also discovered that FAM26F expression decreased after HBV infection. This 

decrease in FAM26F expression, which is comparable to the decline in IRF3 and IFN- expression, 

suggests that FAM26F may also be used as a marker for HBV infection. 

Hepatocytes can suffer oxidative damage from HBV, which eventually results in the development 

of liver disease (Ren et al., 2016). HBV can also cause excessive oxidative stress and ROS 

production (Bolukbas et al., 2005; Hu et al., 2011). Both the HepAD38 and HepG2 cell lines were 

treated with the antioxidant NAC in the current study to counteract the negative effects of ROS, 
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which increased the expression of FAM26F, IRF3, and IFN. This suggests that NAC therapy 

reduced HBV replication in some way, increasing the virus-induced inhibitory effect of these 

antiviral immune proteins. This is in line with earlier research that found similar outcomes when 

ROS were suppressed in HBV-infected cells. 

In both the HepAD38 and HepG2 cell lines, they further assessed the impact of calcium chelators 

on the expression of our target proteins. In both cell lines, exposure to EGTA-AM and BAPTA-

AM increased the expression of FAM26F, IFN-, and IRF3. It was hypothesized that calcium 

chelation would reduce HBV replication and subsequently weaken its grip on the antiviral immune 

pathways, leading to increased expression of FAM26F, IRF3, and IFN-. HBx acts on stored 

cytosolic calcium as a fundamental activity for HBV replication (Bouchard et al., 2001). This idea 

is supported by the findings of (Jabeen et al., 2021). Since compounds that promote cytoplasmic 

calcium mobilization or accumulation can even take the place of HBx in specifically promoting 

HBV DNA replication through a variety of pathways, the significance of using calcium chelators 

for inhibiting HBV replication has long been reported (Bouchard et al., 2003). For instance, Pyk2 

activation by HBx, a crucial stimulator of HBV DNA replication, was prevented by chelating 

cytosolic calcium with BAPTA-AM (Bouchard et al., 2001). Cyclosporine A and Cyclosporine H, 

two cyclosporine derivatives that inhibit cytosolic calcium signaling, reduced HBV replication as 

well (Bouchard et al., 2003). Reduced HBx-mediated HBV replication is the result of blocking 

store-operated calcium entry (SOCE) (Yang & Bouchard, 2012). Another study found that the 

intracellular calcium chelator BAPTA-AM can prevent the replication of wild-type HBV in cells 

(Bouchard et al., 2001). 

The primary transporter involved in the uptake of Ca2+ into mitochondria, mitochondrial calcium 

uniporter (mCU) (Matlib et al., 1998) is specifically and powerfully inhibited by ru360. As was 
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previously mentioned, altered mitochondrial Ca2+ uptake is necessary to increase the cytosolic 

calcium plateau, which is necessary for HBV replication. This Ca2+ uptake by the mitochondria 

dampens Ca2+-mediated inhibition of additional Ca2+ release from the ER and/or Ca2+ entry 

through the SOC channel, extending Ca2+ entry into the cytosol and increasing cytosolic calcium 

levels (Hajnóczky et al., 1995; Parekh, 2003; Waris et al., 2001). Both HepAD38 and HepG2 cell 

lines were treated with Ru360 to block this mechanism and examine the effects that followed. Both 

the expression of the FAM26F mRNA and the protein were significantly upregulated, according 

to the results. IRF3 and IFN- expression was also increased, though not by as much. The significant 

increase in the expression of FAM26F suggests that Ru360 has a high potential for preventing 

HBV infection by inhibiting mitochondrial Ca2+ uptake. Additionally, it suggests that different 

pathways are involved in controlling the expression of FAM26F. According to earlier research, 

HBV can also be inhibited by preventing the mitochondrial calcium uptake system. For instance, 

blocking the HBx-induced rise in cytosolic calcium levels by inhibiting the mitochondrial 

permeability transition pore (MPTP) (Ren et al., 2016) 

FAM26F significantly decreased in all the HBV-infected groups compared to controls during the 

in vivo experiments. However, HBV recovered cases had the highest levels of FAM26F 

expression, which was consistent with in vitro findings and demonstrated the significance of 

FAM26F as a vital immune modulator and antiviral agent. 

2.4 COVID-19 
 

A pneumonia outbreak that started in the Chinese city of Wuhan in December 2019 quickly 

expanded throughout the world and presented a significant public health issue. Official 

confirmation that the outbreak in Wuhan, China, is being caused by the new coronavirus 2019-

nCoV came on January 9, 2020 (Wu et al., 2020). Later, the sickness was given the name 
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Coronavirus Disease-2019 or COVID-19 by the World Health Organization (WHO) and the novel 

coronavirus was given the name Severe Respiratory Disease Syndrome-Coronavirus-2 (SARS-

CoV-2) by the International Committee on Taxonomy. Coronaviruses (CoVs) are reported to be 

the cause of several respiratory, renal, gastrointestinal, and neurological problems in both people 

and animals. SARS-CoV was discovered to be the cause of an epidemic in 2002–2003 that 

originated in China and the Asia–Pacific area, impacted 8000 persons in 37 countries, and had a 

10% fatality rate. Fever, dyspnea, a dry cough, and hypoxemia were frequently seen in SARS-

CoV infected individuals (Cheng et al., 2007; Ksiazek et al., 2003). Although the SARS-CoV-2 

virus and the SARS-CoV virus have 79.6% sequence similarity, SARS-CoV-2 is determined to be 

more virulent (Shang et al., 2020). SARS-CoV-2 can eventually result in mortality in extreme 

instances and can cause anything from acute pneumonia and minor respiratory problems to 

multiple organ failure. In the pathophysiology of COVID-19, the immune system is crucial. 

Widespread tissue damage is caused by SARS-induction CoV-2's of an uncontrolled innate 

immune response and impairment of adaptive immunological responses. For COVID-19, there is 

currently no viable treatment.  

2.5 Mortality Rate of COVID-19 in Age Groups 

 

One of the causes for the greater death rate in the elderly population has been theorized to be a 

hyperinflammatory immune response (Chen et al., 2020). A study showed that older persons have 

increased prostaglandin D2 expression levels, which hinders respiratory DCs' migration to 

draining lymph nodes and, consequently, the generation of T cell responses (Zhao et al., 2011). 

Age-related alterations in lymph nodes have an impact on naive T and B cell development and 

maintenance. According to a recent study, T cell activation, proliferation, and differentiation are 

all diminished with advancing age (Nikolich-Zugich et al., 2020). Therefore, it is conceivable to 
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propose that age-related immune system dysfunction increases the severity of COVID-19 in 

elderly individuals. 

Additionally, a recent study has revealed that whereas those over the age of 60 are particularly 

susceptible to household transmission, those under the age of 20 are less sensitive (Jing et al., 

2020). Unexpectedly, it has been found that children's immune systems play a critical role in 

protecting them from COVID-19. Children's lower levels of the proinflammatory cytokines TNF- 

and IL-6 are seen, which further lessens neutrophil infiltration and lung damage. Children also 

have lower amounts of proinflammatory cytokines and higher levels of immunomodulatory 

cytokines like IL-10 and IL-13. Additionally, children's lung epithelium, known as TMPRSS2, 

expresses less ACE2 and has a superior ability to heal lung infections (Lingappan et al., 2020). 

2.6 COVID-19 & Immunopathogenesis  

 

Innate immune cells that detect the molecular patterns linked to the pathogens are activated by 

viral infection, stimulating the host immune system. The adaptive immune system is triggered 

when the innate immune responses fail to destroy the virus. Interleukin-6 (IL-6), interferon (IFN-

), interferon-inducible protein-10 (IP-10) and monocyte chemoattractant protein-1 (MCP-1) are 

cytokines or chemokines that are secreted in response to the induction of innate and adaptive 

immune cells. These cytokines and chemokines encourage the migration of neutrophils and 

monocytes/macrophages from the circulation to the infection site. To get rid of the viral infection, 

these cells emit the cytotoxic chemicals. Normally, this reaction can get rid of the virus, but 

occasionally the immune system is dysregulated, which causes the immunological homeostasis to 

be upset (Dandekar & Perlman, 2005). When SARS-CoV-2 is infected, a strong inflammatory 

response to the virus triggers excessive production of pro-inflammatory cytokines, which 

encourages lung pathogenesis and respiratory failure. Pro-inflammatory cytokines cause an 
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unregulated buildup of neutrophils, monocytes, and macrophages at the infection site. Reactive 

oxygen species (ROS), which are produced by these cells, cause tissue damage and cell death 

(Dandekar & Perlman, 2005) 

The overproduction of proinflammatory cytokines is one of the main causes of lung pathogenesis 

in COVID-19 patients. The worst results are seen when cytokine levels are increased early (Lucas 

et al., 2020). Patients with COVID-19 who have dysregulated immune systems produce a cytokine 

storm that encourages lung inflammation. IFN-, IL-1, IL-6, IL-8, IL-12, transforming growth 

factor (TGF), and chemokines C-C motif ligand 2 (CCL2), CXCL9, and CXCL10 levels are 

elevated in severe COVID-19 patients (Mehta et al., 2020). Additionally, COVID-19 patients 

displayed increased plasma concentrations of IL-2, IL-7, IL-10, GM-CSF, macrophage 

inflammatory protein 1 (MIP1-), tumour necrosis factor (TNF), and MCP-1 (Huang et al., 2020). 

Those in the non-survivor group were found to have higher levels of IL-6 during the length of the 

clinical course than patients in the survivor group (Zhou et al., 2020). Cytokine storm can violently 

attack the body in severe situations, resulting in ARDS, multiple organ failure, and ultimately 

death (Jyoti & Devi, 2013). A cytokine storm causes an uncontrolled flood of immune cells, 

particularly neutrophils and monocytes, into the lungs. These cells release a variety of 

inflammatory cytokines and chemokines, including IL-1, IL-6, TNF-, CCL2, CCL7, and CCL12, 

which worsen the condition. According to earlier research, IL-1 enhanced pyroptosis, which is the 

term for non-programmed cell death following pathogenic infection (Xu et al., 2020). Unchecked 

cell infiltrations encourage lung injury due to excessive toxic chemical secretion, such as proteases 

and ROS. Additionally, it results in alveolar injury, pulmonary edoema, the production of hyaline 

membranes, and pneumocyte desquamation, all of which are the initial symptoms of ARDS 

(Risitano et al., 2020; Tian et al., 2020). 
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2.7 Biomarkers observed in COVID-19 
 

The COVID-19 disease spectrum is varied, and age and the existence of co-morbid conditions 

affect how the disease manifests. To preserve the most lives possible, prompt diagnosis and 

hospitalization, risk assessment, efficient use of intensive care services, proper therapy selection, 

monitoring, and timely discharge are all crucial. Clinical evaluation is essential, but laboratory 

markers, or biomarkers, can offer extra, unbiased information that has a big impact on these aspects 

of patient care (Samprathi & Jayashree, 2021) . Lymphocytopenia, a defining feature of COVID-

19, is caused by a variety of factors, including I direct viral invasion and lysis because lymphocytes 

express the ACE2 receptor on their surface (ii) lymphocyte apoptosis brought on by interleukins 

(iii), decreased lymphocyte turnover because of the atrophy of lymphoid organs brought on by the 

"cytokine storm," and (iv) decreased lymphocyte proliferation because of lactic (Terpos et al., 

2020) . There have been reports of both thrombocytopenia and thrombocytosis. However, serious 

bleeding and thrombocytopenia are not common (Amgalan & Othman, 2020). It has been 

demonstrated that thrombocytopenia is associated with higher mortality risk and other coagulation 

parameters (Bao et al., 2020). Overall, it is evident that severe COVID 19 disease is linked to 

significantly higher levels of leukocytes, neutrophils, infection biomarkers (like CRP, PCT, and 

ferritin), cytokines (like IL-2R, IL-6, IL-8, and IL-10), and lower lymphocyte counts (Hou et al., 

2020). 
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MATERIALS AND METHODS 

3.1 Study Subjects 
 

Mardan Medical Complex was targeted as the sampling location being the central hospital at the 

epicenter of disease outbreak in the nearby localities. The study was approved by the Ethical 

Review Board of Mardan Medical Complex and Institutional Review Board (IRB) of Atta Ur 

Rahman School of Applied Biosciences (ASAB), NUST, Islamabad, Pakistan. Informed consent 

was taken from all the participants. Clinical data on the patients, such as their age, gender, oxygen 

saturation level, lymphocytes count, treatment regime and platelets count were collected as well. 

We also observed if these patients survived or died. Blood samples were collected in EDTA tubes 

from 45 patients hospitalized in the ICU on par of severe COVID-19 infection were included in 

the study as the experimental group. 20 healthy individuals, with no implication of deteriorating 

health, were sampled as healthy controls. The blood samples were processed immediately after 

collection.  

3.2 Follow Ups 
 

To evaluate the expression of FAM26f during hospitalization which lead to either one of the two 

outcomes, either patients form the illness recovered or died. Hence blood samples were collected 

at intervals of 48 hours till the patients departed from the ICU. 18 patients were followed up 

following the set criteria. The sampling scheme is illustrated in Figure 3.1 
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Figure 3.1: The patient was followed up after every 48 hours, the clinical parameters were penned 

down only with the first collection of samples only. The follow ups only stopped if the patient 

either died or had recovered. 

 

3.3 RNA Extraction 

 

RNA extraction of all COVID-positive samples was initiated at Abdul Wali Khan University 

Mardan. RNA extraction was performed using RBC lysis buffer pH 7.3 (17.98 g NH4Cl, 2g 

KHCO3, 400 μL 0.5 M EDTA in 200 mL total volume) and Solarbio Triquick Reagent R1100. For 

this purpose, 5 mL blood was mixed with 25 mL RBC lysis buffer and incubated at room 

temperature for 10 minutes. Mixture was centrifuged at 600 rcf for 10 minutes and supernatant 

was discarded. Pellet was resuspended in 1 mL lysis buffer and incubated at room temperature for 

5 minutes. After this, centrifuge was performed at 3000 rpm for 2 minutes, supernatant was 

aspirated, and pellet of white blood cells (WBCs) was resuspended in 1 mL PBS. Again, centrifuge 

was performed at 3000 rpm for 2 minutes, supernatant was discarded, and the final pellet was 
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resuspended in 1 mL Solarbio Triquick Reagent R1100. The successfully extracted WBCs with 

added Solarbio Triquick Reagent R1100 were stored at -80 °C and transported to ASAB, NUST 

Islamabad after 3 days for further processing. 

The received samples were thawed properly and mixed with 200 μL chloroform and vortexed for 

30 seconds. Then, this mixture was incubated at -20 °C for 3 minutes and centrifuged at 12000 rcf 

for 10 minutes at 4 °C. Aqueous phase was meticulously transferred to new microcentrifuge tube 

and 500 μL of isopropanol was added. This mixture was inverted several times and then incubated 

at -20 °C for 10 minutes. Afterwards, this mixture was centrifuged at 12000 rcf for 10 minutes at 

4 °C. Supernatant was discarded and pellet was washed with 1 mL 75% ethanol. Centrifuge was 

performed at 12000 rcf for 2 minutes at 4 °C. Supernatant was discarded and final RNA pellet was 

dried in sterile conditions at 4°C for 10 minutes before final suspension in nuclease free water. 

Presence of RNA was confirmed first using Berthold Detection Systems GmbH, Pforzheim (A 

260/280 ratio of nearly 1.8 to 2 indicated RNA purity) and then denaturing gel electrophoresis 

performed at 90 V, 90 mA for 50 minutes (Figure 3.2). 
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Figure 3.2: Image showing RNA denaturing gel to determine the integrity and purity of the 

extracted RNA from COVID (+) patients. The distinct bands indicate 28S and 18S RNA, indicative 

of indicative of integral and pure RNA. 

. 

3.4 cDNA Synthesis 

 

Extracted RNA was quantified using nanodrop and 1 μg of RNA was used for cDNA synthesis 

using Thermo Scientific RevertAid First Strand cDNA Synthesis Kit K1622. For this purpose, 1 

μg of RNA is mixed with 1 μL random hexamer in total volume of 12 μL. This mixture was 

incubated at 65 °C for 5 minutes. Then, 4 μL 5X buffer, 1 μL ribolock, 2 μL 10 mM dNTPs, and 

1 μL RT enzyme were added in this mixture. Temperature timeline for this reaction was 25 °C for 

5 minutes, followed by 42 °C for 60 minutes, and finally 70 °C for 5 minutes. Synthesized cDNA 

was then diluted in 1:1 ratio. The synthesized CDNA was confirmed for DNA contamination by 

using GAPDH primers, nRTC (No Reverse-Tresncriptase Control) and NTC (No Template 

Control). The aim of this PCR was to confirm the purity of the extracted RNA.  

X 01 X 02 X 03 X 04 X 05

18S rRNA

28S rRNA
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Table 3.2: Reagents and their quantities used for cDNA synthesis  

 

This mixture was micro-centrifuged for 15 sec and heated at 65°C for 5 minutes in a PCR machine. After 

this incubation step, the PCR tube was then transferred to an ice cooler. The remaining ingredients were 

added in a specified volume in the tube. 

Component Volume 

5X RT Reaction Buffer 4ul 

10mM dntps 2ul 

Ribolock 1ul 

Revert aid enzyme 1ul 

3.5 PCR test for cDNA quality 
 

As an optional step, a cDNA quality test was performed after cDNA synthesis to verify the 

appropriate synthesis of the cDNA from each sample. A GAPDH primer set was used. In this PCR 

protocol, 5 ng of cDNA was used as a template with the following PCR cycling conditions: 94 °C 

for 3 min, 35 cycles of 94 °C for 30 s, 62 °C for 40 s, and 72 °C for 1 min, with the final elongation 

step at 72 °C for 5 min. Each primer was used at a concentration of 500 nM in 2× PCR premix 

reagent (Quest Taq PCR Mix, Catalog #: QM13532, BioQuest, USA). The amplicons were 

subjected to electrophoresis in a 2% agarose gel at 130 V for 20 min and visualized under UV light. 

Component Volume 

RNA 1/concentration of RNA in ul 

Random Hexamers 1ul 

Total volume 12ul 
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Figure 3.3: Representative gel image of the test of cDNA purity. A single sample was amplified 

using GAPDH primers along with a no reverse transcription control to ensure that the extracted 

RNA does not have contaminating DNA. 

 

Figure 3.4: Representative gel image of the test of cDNA purity. A single sample was amplified 

using GAPDH primers along with a no reverse transcription control to ensure that the extracted 

RNA does not have contaminating DNA. 
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3.6 Real-time PCR analysis 
 

House-keeping gene was first finalized using real-time PCR for further gene expression analysis 

of uninfected and infected samples. Real-time PCR was then performed on each sample for Ct 

value determination of house-keeping gene (GAPDH) and FAM26f in a series of duplicate 

reactions. Real-time PCR was performed using Solis BioDyne 5X HOT FIREPol® EvaGreen® 

qPCR Mix Plus (ROX) in the final concentration of 1X, 5 pmol of forward and reverse primers, 

250 ng of cDNA in a reaction volume of 20 μL. Real-time PCR was performed at 95 °C initial 

activation for 12 minutes, followed by 40 cycles of 95 °C denaturation for 15 seconds, annealing 

at 60 °C for 20 seconds, and extension at 72 °C for 20 seconds (Figure 3.5). Fluorescence for 

EvaGreen was captured at extension stage. 

 

Figure 3.5: Schematics of QPCR analysis; 95 °C initial activation for 12 minutes, followed by 40 

cycles of 95 °C denaturation for 15 seconds, annealing at 60 °C for 20 seconds, and extension at 

72 °C for 20 seconds.  

 

Preincubation

X 1

3 step Amplification

X 40

2 C s

95 C

15 min

2 C s 95 C

15 sec

2 C s

60 C

20 sec

2 C s

72 C

20 sec

Step 1 Step 1 Step 3Step 2



Materials and Methods  Chapter 3 

34 
 

Gene copy number and fold change for FAM26f were calculated for each sample after real-time 

PCR. For copy number, following formulae were used: 

∆𝐶𝑡 = 𝐶𝑡(𝑡𝑎𝑟𝑔𝑒𝑡)
− 𝐶𝑡(ℎ𝑜𝑢𝑠𝑒 𝑘𝑒𝑒𝑝𝑖𝑛𝑔)

 

𝐶𝑜𝑝𝑦 𝑛𝑢𝑚𝑏𝑒𝑟 = 100 × 2−∆𝐶𝑡 

These formulae provide us with a relative quantification that for 100 copies of house-keeping 

genes how many copies of target gene (FAM26f) will be present. 

For fold change calculation, average of ΔCt values for infected and uninfected groups were 

calculated respectively for both genes. Then, following formulae were applied: 

∆∆𝐶𝑡 = ∆𝐶𝑡(𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑)
− ∆𝐶𝑡(𝑢𝑛𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑)

 

𝐹𝑜𝑙𝑑 𝑐ℎ𝑎𝑛𝑔𝑒 = 2−∆∆𝐶𝑡 

3.7 Statistical analysis 

 

Statistical analysis was carried out using Graph-Pad Prism 6.0 software (Graph-Pad Software, San 

Diego, CA USA) where p < 0.005 was considered significant. Unpaired t-test at 95% confidence 

interval was used to compare the sample groups. Linear correlations were identified using Pearson 

correlation
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RESULTS 

4.1 Mortality Rate 

 

The mortality rates were calculated based on age group, gender, absolute neutrophil, and 

lymphocytes count. 3 patients lied in the age group 20-40, 19 patients in age group 40-60, 16 

patients in age group 60-80 and 4 patients in age group 80-100 with mortality rate 66.66%. 68.42%, 

75% and 100% respectively. In 14 males and 28 females, we observed equal mortality rate i.e., 

71.42%. Only 8 patients were found to have absolute neutrophil count in the normal range (2.0 to 

7.99 x 109/L). The rest had higher or extremely high levels of neutrophils; 22 patients in the range 

(8.0 to 13.99 x 109/L), 9 patients in the range (14.0-19.99 x 109/L) and 3 patients in the range (20.0-

24.99 x 109/L), with respective mortality rates of 75%, 63.63%, 77.77% and 100% respectively. 

Similarly, 23 patients had low lymphocyte count between (0 and 0.99 x 109/L), 18 patients had 

lymphocyte count between (1.0-1.99 x 109/L) with mortality rate 69.56% and 72% respectively, 

while only one patient with a lymphocyte count between 2.0-2.99 x 109/L and couldn’t survive 

(Figure 4.1). 
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Figure 4.1: Bar Charts representing mortality rates a. Across various age groups; 3 patients in age 

group 20-40, 19 patients in age group 40-60, 16 patients in age group 60-80 and 4 patients in age 

group 80-100 with mortality rate 66.66%. 68.42%, 75% and 100% respectively. b. Across male 

and female gender; 14 males and 28 females with equal mortality rate i.e., 71.42%. c. Across 

various neutrophil ranges; 8 patients in the normal range (2.0 to 7.99 x 109/L), 22 patients in the 

high range (8.0 to 13.99 x 109/L), 9 patients in the range (14.0-19.99 x 109/L) and 3 patients in the 

range (20.0-24.99 x 109/L), with respective mortality rates of 75%, 63.63%, 77.77% and 100% 

respectively. d. Across various lymphocyte ranges; 23 patients had low lymphocyte count between 

(0 and 0.99 x 109/L), 18 patients had lymphocyte count between (1.0-1.99 x 109/L) with mortality 

rate 69.56% and 72% respectively, while only one patient with a lymphocyte count between 2.0-

2.99 x 109/L died. 
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4.2 Differential Expression of FAM26F 

The Expression of FAM26F was analyzed by RT-PCR in COVID (+) (n=42) and COVID (-) 

patients (n=19). FAM26f is significantly downregulated in patients infected with COVID-19 

(t=3.138, df=59, P = 0.0027) as compared to the control group (Figure 4.2). The results 

demonstrate that the expression of FAM26f is significantly lower in infected patients.  

 

Figure 4.2: Expression of FAM26f in COVID (+) (n=42) and COVID (-) patients (n=19). FAM26f 

is significantly downregulated in patients infected with COVID-19 (t=3.138, df=59, P = 0.0027) 

as compared to the control group.  

 

4.3 Follow Ups  
 

18 patients either recovered or died during the follow ups: 8 patients recovered/died on day 3, 6 

patients recovered/died on day 5, 3 patients died on day 7 and 1 patient survived and was 

discharged on day 9 of hospitalization (Table 1). The expression of FAM25f was analyzed during 
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the follow ups and no significant increase or decrease in its expression level was observed (Figure 

4.3-4.7). Only 5 out of 18 patients had a positive outcome i.e., survival (Figure 4.7); four patients 

had increased levels of FAM26f expression whereas one patient who recovered had decrease levels 

of FAM26f expression.  

 

 

Figure 4.3: Fold change in FAM26f mRNA level on Day 3 of hospitalization (n=8), ★ represents 

recovery and x represents death. (a) On Day 3, the expression of FAM26f in PBMCs of X-28, X-

29, X-33, and X-35 (0.79 to 0.57, 0.15 to 2.59, 0.29 to 1.99 and 0.16 to 1.08) decreased on Day 3 

and the patients couldn’t survive. (b) The expression of FAM26f in PBMCs of X-32 and X-34 

increased (0.49 to 0.53, 0.60 to 23.66) and the patients survived. The expression of FAM26f in 

PBMCs of X-30 and X-31 increased (0.07 to 0.80, 0.08 to 1.56) but the patients couldn’t survive.  
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Figure 4.4: Fold change in FAM26f mRNA level on Day 3 and Day 5 of hospitalization (n=6), ★ 

represents recovery and x represents death. (a) The expression of FAM26f in PBMCs of X-36 and 

X-40 decreased (0.79 to 0.57, 0.29 to 0.24) and the patient X-36 survived, and X-40 couldn’t. (b) 

On Day 5, the expression of FAM26f in PBMCs of X-37, X-38, X-39, and X-41 increased (0.14 

to 2.5, 0.36 to 0.41, 0.29 to 1.99 and 0.16 to 1.07) on Day 5, only X-37 survived.  
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Figure 4.5: Fold change in FAM26f mRNA level on Day 3, Day 5 and Day 7 of hospitalization 

(n=3). On Day 7, the expression of FAM26f in PBMCs of X-42 and X-44 decreased to the lowest 

whereas it increased in X-43 but none of the patients could survive. x represents death. 

 

 

Figure 4.6: Fold change in FAM26f mRNA level on Day 9 of hospitalization (n=1), ★ represents 

recovery. On Day 9th, the expression of FAM26f in PBMCs of X-45 increased and the patient 

survived. The expression of FAM26f in PBMCs of X-36 and X-37 increased but the patients 

couldn’t survive. 
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Figure 4.7: Fold change in FAM26F mRNA level in PBMCs of patients who could survive (n=5), 

★ represents recovery. X-32 and X-34 survived with an increased expression on Day 3 (0.49 to 

0.53 and 0.60 to 23.66). X-36 survived with an overall decreased expression on Day 5 (0.79 to 

0.57) and X-37 survived with increased expression of FAM26F in PBMCs of patients (0.14 to 

2.58). X-45 was hospitalized for 10 days with maximum expression of FAM26f on Day 9 (0.37 to 

2.51).  

Table 4.1. Fold Change in mRNA level of FAM26f in PBMCs of COVID-19 (+) Patients.  

SAMPLE DAY 1 DAY 3 DAY 5 DAY 7 DAY 9 DAY 11 

X-28 3.836674 3.657496 X 
   

X-29 1.961362 1.046706 X 
   

X-30 0.071687 0.802657 X 
   

X-31 0.083496 1.5625 X 
   

X-32 0.493067 0.531763 * 
   

X-33 1.808578 1.023745 X 
   

X-34 0.605356 23.66784 * 
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X-35 1.072781 0.138107 X 
   

X-36 0.793805 0.25879 0.573496 * 
  

X-37 0.145779 0.099226 2.58624 * 
  

X-38 0.366747 0.428051 0.414618 X 
  

X-39 0.290147 0.319715 1.994264 X 
  

X-40 0.299547 1.713393 0.24911 X 
  

X-41 0.162426 0.143473 1.075387 X 
  

X-42 1.030151 3.192875 1.327633 0.474624 x 
 

X-43 0.374193 0.10198 0.477263 2.92788 x 
 

X-44 3.839334 0.231143 0.546334 0.222497 x 
 

X-45 0.370066 0.929068 1.185796 0.416635 2.517263 * 

* presents the patients who recovered from COVID-19 and x present the patients who died because 

of the disease. 

4.4 Correlation of FAM26f with Absolute Neutrophil Count 

 

We also investigated whether FAM26F RNA levels could be related to absolute neutrophil count.           

FAM26f gene expression significantly correlates with the neutrophil count (109/L) (Pearson r=-

0.383, P = 0.0470) as depicted in Figure 4.8. 

 

Figure 4.8: FAM26f gene expression negatively correlates with the neutrophil count (109/L) 

(n=42). Significance and Pearson r are revealed in the figure.
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DISCUSSION 
 

In December of 2019, the first case of COVID-19 was reported in Wuhan, the capital city of the 

central Hubei Province of the People's Republic of China. A substantial percentage of vendors and 

dealers from the Huanan seafood wholesale market contracted pneumonia of unknown origin, 

followed by a slew of cases throughout the city of Wuhan. China announced at the beginning of 

January 2020 that this outbreak is caused by a novel coronavirus pneumonia that belongs to the 

coronavirus family and has been designated 2019-nCov by Chinese researchers. The Chinese 

government and the World Health Organization (WHO) began working on it. China announced 

the first COVID-19-related death of a 61-year-old seafood market worker. On January 30, 2020, 

the WHO declared a medical emergency and issued a high alert to authorities to manage cross-

border movements. In the meantime, on February 11, the World Health Organization (WHO) 

dubbed a new coronavirus disease COVID-19 (WHO, 2020) and began pressuring governments 

to take control measures, such as a travel ban across international borders. WHO declared the 

disease to be pandemic in March 2020, when the virus had spread to 114 countries. The Federal 

Ministry of Health confirmed the first COVID-19 case in Karachi on February 26, 2020, and 

another case was confirmed in Islamabad on the same day. The province Sindh was the focal point, 

as the highest number of cases, 20 in just 15 days, were reported there. (NCOC, 2020).  

The first objective of this investigation was to compare the mortality rates of older adults with 

those of their younger counterparts. Initial data indicate that older adults are uniquely vulnerable. 

Case series have revealed that age is an independent predictor of mortality (Zhou et al., 2020). As 

reported by (Bonanad et al., 2020) mortality was 1.1% in patients aged 50 years and increased 

exponentially after this age. As anticipated, patients aged 80 years or more had the highest 
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mortality rate. All age groups had significantly higher mortality rates compared to what was 

immediately younger. Patients aged 60 to 69 years had the greatest mortality risk increase 

compared to those aged 50 to 59 years (OR 3.13, 95% CI 2.63 to 3.76). The same trend was 

observed in the current investigation with the mortality rate greatest in patients aged 80 or more. 

None of the patients in the age group (80-100) could survive. Patients aged 60-80 had the highest 

mortality rate (75%). Similarly, the immediately younger age group (40-60) showed a mortality 

rate of (68.42%), followed by age group (20-40) in which a slightly lesser mortality rate (66.67%) 

was reported. These findings commensurate with the results of (Henkens et al., 2022) where the 

highest mortality was recorded in patients who were aged 70 or more (76%). Globally, male 

patients with comorbidities have a higher mortality risk, according to COVID-19 mortality data 

that is disaggregated by gender. Emerging global research indicates that male gender plays a 

significant role in the increased risk of COVID-19 mortality among adult patients. Males tend to 

have lower serum IgG antibody production, significantly reduced CD4+ T cell reserves, and lower 

circulating ACE2 expression compared to females, which may explain this association. Male sex 

is also associated with increased disease severity upon hospital admission, higher ICU admission 

rates, and elevated clinical markers including lymphopenia and inflammatory indexes. For e.g. 

The objective of (Kelada et al., 2020)’s systematic review was to determine the effect of gender 

on the risk of mortality from COVID-19 in adult patients. The search of ten databases revealed 

that males have a higher mortality risk than females. In eight studies, male gender was significantly 

associated with an increased mortality risk from COVID-19. After adjusting for confounding 

variables, a single study found no significant correlation between male gender and mortality 

(Asfahan et al., 2020). According to our findings males and females both had a mortality rate of 

71.42 %, which corresponded with the findings of the research by (Asfahan et al., 2020). Our study 
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has a major limitation that the population size is small (n=42), so to fully evaluate sex-differences 

in the mortality risk from COVID-19, further studies will need to be undertaken globally.  

Among the distinctive characteristics of the severe COVID-19 clinical syndrome is an abnormally 

high neutrophil-lymphocyte ratio for a viral infection. Neutrophils play an important role in viral 

clearance by producing NETs and IFN. In patients with severe COVID-19, the neutrophil count 

rises while the lymphocyte count decreases.  Four meta-analyses have previously validated this 

pattern in severe COVID-19 infection (Chan & Rout, 2020; Ghahramani et al., 2020; Lagunas-

Rangel, 2020; Lan et al., 2020), however, the biological basis for the association between 

neutrophilia and severe COVID-19 infection is currently unknown. In the current investigation, 8 

out of 42 patients had neutrophil concentrations in the normal range (2.0 to 7.99 x 109/L), 22 

patients were in the high range (8.0 to 13.99 x 109/L), and the mortality rate was lowest (63.63%) 

in this range. The remaining patients fell within the extreme ranges; 9 patients fell within the range 

(14.0-19.99 x 109/L) and 3 patients fell within the range (20.0-24.99 x 109/L), with respective 

mortality rates of 77.77% and 100%. Similarly, 23 patients had a low lymphocyte count between 

(0 and 0.99 x 109/L). Such patients had the lowest mortality rate (69.56%). 18 patients with a 

lymphocyte count between (1.0-1.99 x 109/L) had a 72% mortality rate, while only one patient 

with a lymphocyte count between 2.0-2.99 x 109/L died. Neutrophils are indispensable mediators 

of the innate immune response to acute infection and inflammation28,29. Nevertheless, their high 

functional capacity may contribute to tissue damage in severely ill patients. As reported by 

(Veenith et al., 2022) it is possible that neutrophilia's high ROS production contributes to the 

characteristic tissue damage profile of patients with severe COVID-19 infection. In fact, it has 

been suggested that neutrophil infiltration contributes to pulmonary complications and that ROS 

release contributes to both cytokine storm and blood clot formation in SARS-CoV-2 infection. As 
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indicated by our findings, understanding the role of neutrophils and lymphocytes in the 

pathogenesis of severe COVID-19 could lead to the identification of key therapeutic targets and/or 

biomarkers for the early identification of patients who may benefit from immunomodulatory 

agents to control hyperinflammation and reduce mortality rates.  

Calcium homeostasis plays a crucial role in the activation of immune system cells through 

extracellular Ca2+ influx and Ca2+ release from Golgi and Endoplasmic Reticulum (ER), which 

subsequently arbitrates the release of significant amounts of ROS (Nunes et al., 2013). The host 

cell can effectively activate IRF-3 by generating ROS through RIG-I and the downstream antiviral 

genes (Soucy-Faulkner et al., 2010). FAM26F has recently come to be known as a potent innate 

immunity modulator due to its calcium homeostasis modulator domain (Ebihara et al., 2010). 

According to a report, Thioredoxin and other calcium-binding proteins share functional 

relationships with FAM26F, and it has been proposed that cytosolic calcium imbalances regulate 

the expression of FAM26F (Zhang et al., 2010). It's reported that COVID-19  leads to hypoxia in 

which case  have been found to have higher intracellular Ca2+ concentrations. (Danta, 2021). The 

fate of immune cells and their abilities could be impacted by hypoxia, which could also stimulate 

the cytokine storm and inflammatory pathways. Hyperinflammation and activated cytokine 

sending signals are responsible for the severity and death of COVID-19 patients. (Serebrovska et 

al., 2020), the massive mortality rate observed in our study can be attributed to this. Because of 

the Ca2+ modulation it causes and the interactions it has with Thioredoxin, it has been 

hypothesized that FAM26F may play a role in the regulation of Ca2+ and ROS after COVID-19 

infection. However, there is no available research conducted or statistics in this regard. To better 

understand how COVID-19 infection affects patients' FAM26F expression, the current study was 

created. According to our research, FAM26f is significantly downregulated in COVID-19-infected 
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patients when compared to the control group (t=3.138, df=59, P = 0.0027). The fact that COVID 

recovered cases had the highest levels of FAM26F expression, however, indicated the significance 

of this protein as a vital immune modulator and antiviral agent. It is possible to improve COVID-

19 clearance or containment by reversing ROS production and Ca2+ deregulation utilizing calcium 

modulators and antioxidants, most likely by modifying the expression of FAM26F. Here, we 

suggest that COVID-19 and FAM26F expression are related because it is possible that the COVID-

19 inflammation has some effects on the synthesis of FAM26F. This study is the first to 

demonstrate a relationship between FAM26F and COVID-19. Overall, our study's findings 

demonstrate the importance of FAM26F as an innate immune modulator, and it is suggested that 

FAM26F expression may serve as an early indicator of COVID-19 infection. The expression level 

of FAM26F negatively correlated with the absolute neutrophil count (Pearson r=-0.383, P = 

0.0470), which might be attributed to ROS burst which deregulates Ca+2 levels and hence 

decreases the expression of FAM26F. 
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CONCLUSION AND FUTURE PROSPECTS 
 

The current study is the first to definitively link FAM26F to COVID-19. It is hypothesized that 

FAM26F expression could serve as an early predictive marker for COVID-19, and our findings 

provide further evidence for the significance of FAM26F as an innate immune modulator. Our 

study shows that FAM26F is a significant molecule with conspicuous intrinsic value for further 

research, whether it is involved directly during the regulation of viral replication or eventually 

through the immune dissent.
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