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Abstract 
 

Background 

Platelet-activating factor receptor (PAFR) expression has been linked to 

anthropogenic particulate matter (PM). Traffic-related air pollution (TRAP) 

now accounts for the majority of this PM. PAFR expression has also been 

linked to an increased risk of infection from Streptococcus pneumoniae (S. 

pneumoniae). Children with asthma and sickle cell disease (SCD) have a 

significantly increased risk of morbidity and mortality from invasive 

pneumococcal disease (IPD). PAFR expression has not yet been investigated 

in relation to TRAP-generated PM, nor has constitutive expression been 

investigated in these children at increased risk of IPD.  

 

Methods 

PM10 was collected from roadside traffic using the Cyclone device. A549 

cells were exposed to the collected PM10 and flow cytometry was undertaken 

to measure PAFR expression by median fluorescence intensity (MFI). 

Exposed A549 cells also underwent assays to determine bacterial adhesion 

(colony-forming units, CFU) using D39 S. pneumoniae species. In both 

experiments, Dulbecco’s phosphate buffered saline (DPBS) was used as a 

control. In a separate study, children aged 1 – 17 years were recruited into 4 

groups: 2 disease groups (children with asthma, and those with SCD); and 2 

control groups (healthy children, and children with atopy but not asthma). 

Nasal epithelial cells were collected and PAFR expression (MFI) measured 

by flow cytometry. 24-hour PM10 pollution (µg/m3) data were also collected 

for each participant.  

 

Results 

TRAP-related PM caused a significant increase in PAFR expression in A549 

cells when exposed to a concentration of 10 ug/ml (p < 0.05). Bacterial 

adhesion (CFU) was significantly raised in A549 cells exposed to TRAP PM 

verses the control wells (p < 0.05). In children, PAFR expression in SCD was 

notably raised when compared to all other groups (p < 0.001). There was no 
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significant difference in the PAFR expression in those with asthma versus the 

control groups. 24% of the children within the study demonstrated exposure 

to PM10 levels above the WHO daily safety limit.  

 

Conclusion 

PAFR expression and subsequent bacterial adhesion is increased following 

exposure to TRAP. PAFR is shown to be constitutively raised in those with 

SCD and this may explain some of the reported risk from IPD. Air pollution 

levels in London remain above safe limits despite public health initiatives 

trying to decrease them.  
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Biological receptors play a major role in human disease. These physiological 

on-off switches can often be re-purposed by infectious agents, leading to 

disease. This process has been shown to be to be crucial to certain bacteria 

when causing serious disease in humans [1]. Emerging evidence has also 

demonstrated that air pollution can play a role in serious illness in adult 

populations, including the augmentation of bacterial and viral infections [2].   

In this thesis I investigate the role that both inflammation and air pollution 

may play with regard to the increased risk of infection in children.  

 

1.1. Platelet-activating factor receptor  

An example of a host receptor that facilitates entry of pathogens is the 

platelet-activating factor receptor (PAFR). PAFR is a seven-chain 

transmembrane G-coupled protein cell surface receptor. Its gene locus is 

found on chromosome one, and is conserved across both prokaryotic and 

mammalian species, highlighting the importance of its biological function [3, 

4].  The gene forms two transcripts, one which translates into a cell surface 

receptor found on leukocytes and platelets and a second receptor that is more 

organ-specific, found on the surface of epithelial cells throughout the kidneys, 

brain, heart and the respiratory system, which will be one of the key focus 

points in this chapter [5, 6]. Both forms undergo similar cellular processes 

once activated. The receptor can either dimerise or oligamerise as part of the 

G coupled protein related complex or become internalised via endocytosis, 

both leading to a downstream signaling cascade that culminates in various 

end-products including calcium mobilisation, tyrosine kinase activation or 

inositol phosphate (IP3) creation, all of which can influence the immune 
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system [7, 8]. A relatively recent study by Liu et al, [8] demonstrated a 

favourability for dimerisation of PAFR once activated, which may have 

implications in regard to future therapeutic interventions. Depending on the 

upstream activator of PAFR, signaling can induce either pro-inflammatory or 

anti-inflammatory responses, further demonstrating the complexity of this 

receptor and potential health effects it can exert on the human body.  

 

1.1.1.  PAFR in human health 

In human health, the ubiquitous nature of the PAFR protein means it is 

involved across a broad range of disease processes. These can range from 

invasive cancers of the reproductive system [9, 10] to autoimmune diseases 

such as rheumatoid arthritis and multiple sclerosis [11]. 

 

The main endogenous activator of PAFR is platelet-activating factor (PAF). 

PAF is a pro-inflammatory cytokine that is released during infection and 

general inflammation. Its main function in vivo relates to platelet aggregation, 

leukocyte migration and pro-inflammatory cytokine production [12]. PAF 

has also been shown to play a significant role in human disease, one aspect 

of which is the development of allergic disease and initiating the activation 

of immune cells involved in anaphylaxis [13, 14]. Asthma has also been 

linked to PAF, with high levels of the protein associated with episodes of 

asthma exacerbation [15]. The most pertinent findings are that all the 

processes mentioned above in relation to PAF, have been shown to take place 

via activation of the PAFR pathway [13, 15-17].  
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PAF activation of PAFR is facilitated through binding of a specialised lipid-

derived motif called phosphorylcholine (ChoP) [18]. Once bound, both ligand 

and receptor are internalised and the downstream messengers activated, 

which eventually leads to the immune system effects highlighted in earlier 

sections. This ChoP motif is an essential step in PAFR activation and like 

PAFR itself, it is another highly conserved biological element, which can also 

be found in the cell walls of number of prokaryotic bacteria [3, 19]. This has 

led to advantageous evolution within species, such that bacteria including 

Haemophilus influenzae (H. influenzae) and Pseudomonas aeruginosa (P. 

aeruginosa), have been demonstrated to utilise this process to cause infection 

in healthy cells expressing PAFR [20]. There is another bacterium that has 

also evolved to present the ChoP motif in its cell well, that is also a cause of 

major morbidity and mortality in human health worldwide: Streptococcus 

pneumoniae (S. pneumoniae).  

 

1.1.2. Streptococcus pneumoniae  

S. pneumoniae is a highly infectious Gram-positive bacterium that can cause 

a wide range of serious infections in humans. These include pneumonia, 

meningitis, and septicaemia, all of which are termed invasive pneumococcal 

disease (IPD).  Its virulence is related to its external surface, or capsule, which 

also designates the strain or serotype of the bacteria, for which there are 96 

different subtypes [21]. This capsule hosts a number of elements, which are 

critical for infection to occur, including lipoteichoic acids (LTAs) and wall 

teichoic acids (WTAs), with both having the ability to display the ChoP motif 

[22].  From a health perspective, S. pneumoniae is responsible for over three 
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quarters of a million deaths in children under the age of five, worldwide each 

year [23]. Those children most at risk of IPD have underlying health 

conditions such as respiratory diseases (asthma, cystic fibrosis), congenital 

cardiovascular malformations and haematological conditions such as sickle 

cell disease (SCD) [24].  

 

S. pneumoniae is an opportunistic bacterium, requiring certain environmental 

conditions to cause infection. It has been shown to have a high rate of nasal 

colonisation, with some studies isolating S. pneumoniae in up to 40% of 

participants [25, 26] - thus making this area of the respiratory tract a prime 

location for this bacterium to instigate the infection process.  

 

As presented earlier, S. pneumoniae carries with it the ChoP motif in its cell 

wall. Under the right conditions, it can utilise this motif to bind to endogenous 

PAFR in a similar manner to PAF - a process known as molecular mimicry. 

This leads to internalisation of the entire bacterium, entering the cell akin to 

a Trojan horse and beginning the infection process.  

 

1.1.3. PAFR, S. pneumoniae and Infection 

The respiratory system is an open conduit to the outside world, giving S. 

pneumoniae and other pathogens easy access to the receptor-rich epithelial 

cell membranes along its tract. Viruses such as Rhinovirus can utilise 

intercellular adhesion molecule 1 (ICAM – 1) to invade respiratory cells and 

cause infection leading to the common cold [27]. Serious bacterial pathogens 

such as Mycobacterium Tuberculosis can bind to Toll Like Receptor 2 and 
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trick the receptor so that the bacterium undergoes endocytosis and begin its 

infective course [28]. Though there is an abundance of cell surface receptors 

available to pathogens, not all pathogen interactions lead to serious disease. 

Given that S. Pneumoniae is a major cause of morbidity and mortality in the 

paediatric population, and one of its main conduits of cell entry is via PAFR, 

it would be prudent to explore this relationship in more detail. 

Nasopharyngeal colonisation is the likely entry point for S. pneumoniae, with 

intrinsic PAFR being readily found across the same epithelium under certain 

conditions such as infection or inflammation  [25, 26, 29].  Simell et al. [30, 

31] explored this link extensively. They demonstrated that this interaction 

played an important role in the overall infectious process and that effective 

vaccines against S. pneumoniae also worked to reduce its overall 

nasopharyngeal carriage [30, 31]. Though the respiratory tract has both 

barrier (cilia and mucus) and innate immune responses, the ChoP–PAFR 

interface allows S. pneumoniae to bypass these defenses and bind to the 

respiratory epithelium which facilitates its internalisation [32]. Following 

this, a process called transcytosis allows the bacteria safe passage through the 

epithelial cell network and into the internal compartments of the body [33] 

(Figure 1).  
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Figure 1. S. pneumoniae interacting with PAFR at the epithelial surface.  

This figure demonstrates the ChoP-PAFR interface that allows S. 

pneumoniae to adhere to the PAFR receptor (A), be internalised and then 

undergo transcytosis (B) across the epithelial cell barrier. Created using 

BioRender ™  

 

These steps eventually lead to invasive infection and disease.  This hijacking 

of the PAFR receptor was first properly investigated by Cundell et al. [34]. 

They demonstrated that pro-inflammatory cytokines could cause an increase 

in PAFR expression, and that this led to the receptor and  S. pneumoniae co-

localising on the surface of both endothelial and respiratory cell lines in vitro 

[34].  S. pneumoniae, a normally extracellular organism, was also found to be 

internalised during these experiments - but more importantly, both the co-

localising and internalisation steps could be arrested with a PAFR-specific 

blocker [34]. These results pointed towards PAFR as having a pivotal role in 

the infection pathway for S. pneumoniae and emphasising the role that ChoP 

might play.  Rosenow et al. [32] further established the importance of the 

ChoP molecule, showing how mutant bacteria with a lack of choline-related 
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binding domains had over a 50% reduction in adherence to activated 

mammalian cells.  This reduction would dampen the overall infectivity of the 

bacteria, highlighting the crucial role that ChoP must play in this pathway.   

 

The S. pneumoniae-PAFR interaction was also explored using murine models 

to mimic real-life effects. In one study, two groups of mice were inoculated 

via the intranasal route with S. pneumoniae. It was found that the PAFR 

deficient (PAFR -/- knockout) mice (experimental group) were more resistant 

to infection, with a decrease in overall mortality versus wild type (WT) mice 

(control group) [35].  

 

The link between infection, the S. pneumoniae-PAFR interface and 

underlying inflammation was also investigated using the mouse model. 

Inflammation triggered by iatrogenic Influenza A viral infection in mice, led 

to a dramatic increase in both infection (colony forming units (CFUs) in lung 

tissue postmortem) and overall lethality from S. pneumoniae co-infection [36, 

37].  Seki et al. [36] were able to demonstrate that inflammation driven by 

the Influenza A virus led to a significant increase in PAFR at both the 

ribonucleic acid (RNA) and protein level, providing a definite link to the 

increased infection and lethality from S. pneumoniae. 

 

Interestingly, and more importantly, Kosai et al [37], demonstrated that the 

morbidity and mortality associated with S. pneumoniae infection were greatly 

attenuated when the same conditions were mimicked in PAFR -/- knockout 

mice. These studies help establish the role that both PAFR and inflammation 
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have with regard to IPD in the murine model. The question remains, however: 

how do these factors influence disease in humans?  

 

Previous in vitro studies mentioned in this chapter demonstrated that S. 

pneumoniae has the potential to interact with PAFR on human respiratory 

epithelium. Grigg et al. [38] explored the effects of cigarette smoke (via 

cigarette smoke extract (CSE)) on a range of in vitro respiratory cells lines to 

determine if it could influence PAFR expression. CSE is a well-known 

inducer of inflammation of airway cells, and so it was unsurprising that, as 

well as increasing PAFR expression, it also resulted in an increase in PAFR-

dependent S. pneumoniae adherence and penetration into these cells [38].  

 

This environmental toxin effect on the upregulation of PAFR expression was 

also studied in real-world settings focusing on oxidative stress as the driver 

of the inflammatory process. In this study of exposure to welding fumes, 

which had previously been found to induce oxidative stress, welders had 

significantly increased cell surface expression of PAFR protein when 

compared to non-welding controls, with a concomitant increase in S. 

pneumoniae adherence to the same cells [39].  The study then assessed 

whether using a PAFR-specific blocker CV3988 reduces S. pneumoniae 

adherence to the wielding fume-exposed epithelium. This was performed 

using an in vitro assay, where the A549 respiratory cell line was exposed to 

welding fumes, and subsequently to the D39 S. pneumoniae species and the 

CV3988 PAFR blocker. They found that adding CV3988 significantly 

reduced bacterial adhesion to the respiratory epithelium  [39]. Miyashita et 
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al. [40] also looked at this oxidative  stress-induced expression of PAFR using 

the vapour from an electronic (E)–cigarette (ECV), which is a relatively novel 

method of nicotine inhalation without the generation of tobacco tar and 

carbonaceous particles. This study demonstrated that ECV upregulated PAFR 

expression and that this, in turn, was associated with an increase in S. 

pneumoniae adherence [40]. The aforementioned studies highlight the 

importance of an extrinsic oxidative stress and its influence on endogenous 

PAFR expression. It is known that oxidative stress can induce a range of 

inflammatory responses, leading to a cascade of pro-inflammatory proteins 

being mobilised for response. The obvious question here is: how would an 

intrinsic oxidative stress and subsequent increase in inflammation affect 

PAFR expression in human health? 

 

1.1.4. PAFR in relation to human health 

In section 1.1.3, extrinsic factors leading to an increase in oxidative stress and 

subsequent PAFR expression were reviewed.  As highlighted at the end of 

this section, this extrinsic oxidative stress can have a dramatic impact on the 

local inflammatory environment.  Here we will now review the evidence to 

show that disease-related intrinsic inflammation can also lead to an 

upregulation of PAFR in in vivo. 

 

In the study referred to in 1.1.3, Grigg et al. [38] demonstrated that CSE can 

increase PAFR in vitro. This in vitro model was validated by Sohal et al. [41], 

who assessed PAFR expression in  respiratory epithelial biopsies of current 

smokers and reported that the endobronchial samples of smokers had 
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significantly increased levels of PAFR expression versus non-smokers 

(p<0.001). Smoking of cigarettes in certain individuals can lead to chronic 

obstructive airway disease (COPD), with clinical disease persisting in its later 

stages even with smoking cessation. COPD is associated with  chronic airway 

inflammation, leading to recurrent exacerbations and an increased risk of 

lower respiratory tract infections which include S. pneumoniae [42].  PAFR 

and COPD were first linked via molecular studies which demonstrated 

increased PAFR messenger RNA (mRNA) in cells from endobronchial 

samples from current smokers and in airway cells from patients with a 

diagnosis of COPD [43].  Hypoxia has previously been demonstrated to be 

an important driver of oxidative stress, via the creation of reactive oxygen 

species (ROS) secondary to damage to cellular machinery [44]. Hypoxia of 

the lung parenchyma secondary to overall hypoxaemia has also shown to be 

a persistent feature of COPD [45].  This hypoxia was demonstrated to be one 

of the likely drivers of this persistent PAFR upregulation, and was speculated 

to act in a synergistic fashion with the effect of toxins from cigarette smoke 

inhalation [46]. This hypoxic cellular environment may be of great 

importance when reviewing the conditions highlighted in section 1.1.5. 

 

Shukla et al. [47, 48] further investigated the effects of this hypoxia-driven 

oxidative stress at a cellular level, looking at epithelial cells from both the 

upper and lower respiratory tract in those with COPD and then comparing the 

results with those taken from healthy, non-smoking controls. They found that 

PAFR protein expression was significantly upregulated on the epithelial 

surface throughout the respiratory tract for those with COPD, whilst 
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epithelium from non-smoking healthy controls had minimal or no recordable 

expression [47, 48]. Interestingly, this upregulation was shown to persist even 

if the participant had COPD but was now a non-smoker, demonstrating that 

the residual inflammatory environment may trigger a persistent increase in 

expression of the PAFR protein [48].  Given these findings and the fact that 

PAFR has been shown to increase S. pneumoniae adhesion in vitro it was 

speculated that PAFR may be a predisposing factor for the increased in risk 

of S. pneumoniae infection in those with COPD [49]. 

 

Other chronic inflammatory conditions such as rheumatoid arthritis (RA) and 

inflammatory bowel disease (IBD) have also been implicated as diseases 

linked with increased PAFR expression in affected individuals [11]. This 

supports the concept that chronic inflammatory conditions upregulate PAFR 

expression at both the molecular and cellular level.  

 

All the studies mentioned previously have been conducted in the adult 

population, but the role of PAFR expression and infection may also be 

relevant in paediatric populations. This is because S. pneumoniae causes 

approximately 800,000 deaths globally each year in those under 5 years of 

age [23]. Understanding the mechanisms of bacterial invasion at the cellular 

level with a focus on PAFR may be of help to children especially vulnerable 

to IPD and open up the possibility of preventive interventions.  
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Two of the populations of children at increased risk of IPD are those with 

SCD and those with a diagnosis of asthma. The following sections discuss the 

potential role of PAFR in mediating IPD risk in these two conditions.  

 

1.1.5. PAFR and SCD 

 
SCD is an inherited blood disorder, resulting from an amino acid defect in the 

haemoglobin gene.  A single-point mutation (SNP) in this gene, resulting in 

the substitution of valine for glutamate, results in a structural change in the 

morphology of the haemoglobin molecule. This causes the haemoglobin 

protein to fold in on itself after the release of oxygen into the tissues. This 

folding process causes the red blood cells (RBCs) to take on a “sickle” shape, 

from which the condition’s medical title is derived. This folding is most 

commonly exacerbated by hypoxia, dehydration, or infection, causing the 

RBCs to either undergo apoptosis (leading to anaemia), or aggregate in blood 

vessels (causing obstruction and reduction in blood flow – an entity called a 

sickle cell crisis, which can affect any organ). The disease itself causes a 

persistent state of inflammation due to the oxidative stress and relatively 

hypoxic environment caused by the recurrent loss of RBCs due to the varying 

crises or cell death.  Interesting sickle cell trait, where the individual only has 

one copy of the gene mutation confers some resistance to malaria, specifically 

the Plasmodium falciparum strain, demonstrating the influence that infection 

and evolution can have on populations [50]. SCD does not give individuals 

any resistance to malaria, which is usually fatal in this population. SCD is 

common among children of sub-Saharan African lineage, with SCD clinical 

pathways now set up in most paediatric units across the UK.  
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Children born in the UK with SCD are 600 times more likely to develop IPD 

than those without the condition, and this risk persists despite directed 

vaccination and antibiotic prophylaxis [51-53].  Some of this can be explained 

by a large number of IPD cases occurring secondary to serotypes of S. 

pneumoniae not covered by vaccination, though these serotypes are still not 

causing the same degree of morbidity or mortality in unaffected individuals 

[52, 54]. This serotype hypothesis does not fully explain why those with SCD 

have a 30% chance of mortality from IPD versus 5% for unaffected 

individuals, regardless of the serotype [51].  

 

If S. pneumoniae is inherently more invasive in those who suffer from SCD, 

what could be the mechanism? Some of this can be attributed to immune 

dysregulation, secondary to either hyposplenism or autosplenectomy (where 

the spleen is destroyed) caused by recurrent vessel occlusion from the 

aggregating sickle shaped RBCs. However, many people who have lost their 

splenic function, through either trauma or other factors, have an overall risk 

of IPD that is much lower than the risk of disease in those with SCD (1.2% 

vs 7.3%,) [55].  Furthermore, it has been shown that there is no significant 

difference in overall mortality from IPD between those patients who were 

anatomically asplenic versus those in the population with normal splenic 

function (19% vs. 16%, p = 0.58) [56]. Another area of interest with regard 

to risk of infection centers on impaired splenic function. Given that splenic 

infarction occurs more commonly as children with SCD age, one would 

expect the risk of IPD to increase throughout childhood. In contrast, it is well 

known that the risk of IPD remains highest for those under the age of 2 years, 
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who are most likely to have some preservation of splenic function versus 

older children [57]. This raises questions as to whether or not there are other 

important factors involved in the overall IPD pathway in those with SCD, that 

may not yet have been fully explored.  

 

In an attempt to address such questions, Miller et al. [58] created an 

experimental SCD murine model, for which the role of PAFR and IPD in 

SCD could be mechanistically explored. This model was created using bone 

marrow transplantation with genetically modified SCD-positive progenitor 

cells. Following implantation of the SCD+ cells, the mice developed the same 

chronic inflammation and oxidative stress found in SCD in humans [58]. 

Interestingly, SCD mice were also found to have a constitutive increase in 

PAFR expression across a range of organ-derived epithelial cells, including 

those from the respiratory tract [58]. This experimental SCD murine model 

also demonstrated an increased susceptibility to IPD compared to the WT 

control mice [58]. The most striking finding within this study was the 

demonstrable survival advantage that blocking PAFR provided against IPD-

associated mortality in the SCD mouse model [58]. By attenuating PAFR by 

either the addition of a PAFR-related blocker or via genetic deletion of the 

PAFR gene within the SCD mice, survival rates amongst these groups were 

increased following inoculation with invasive pneumococcal species (Figure 

2) [58].  
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Figure 2. Survival rates in different SCD mouse model groups  

following pneumococcal inoculation. 

SCD mice treated with a PAFR antagonist (grey) or containing a PAFR gene 

deletion (white) demonstrated 100% survival at 24 hours versus those 

untreated PAFR positive SCD mice (70%) (black) following respiratory 

inoculation of invasive pneumococci. At 48 hours, those SCD mice treated 

with a PAFR antagonist continued to demonstrate increased survival rates 

versus the untreated SCD group. * = p < 0.05. Image reproduced from The 

Journal Of Infectious Disease, Miller et al, 2007 [58]. 

 

Interestingly, at the 48-hour timepoint following inoculation, the deletion of 

PAFR from the SCD mice did not confer the same advantage as the PAFR 

antagonist, which speculates to a possible “protective” role in the PAFR 

pathway in the downstream response to pneumococcal infection. The addition 

of the PAFR antagonist to the SCD mice provided a similar level of survival 

against IPD as the unaffected WT mice (p = 0.11) [58].   

 

This study highlights some interesting questions. Specifically, is PAFR a key 

mechanistic factor in the IPD pathway in SCD? If so, does having an 
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inherently raised PAFR from an underlying condition increase the risk of 

IPD?   

 

Despite this study highlighting the implications that chronic inflammation can 

play in the S. pneumoniae-PAFR interface and IPD, to date no human studies 

have been conducted investigating either PAFR expression in those with 

SCD, or the role it plays in S. pneumoniae infection in this population. 

 

1.1.6. PAFR and Asthma 

Another chronic inflammatory condition, asthma, also demonstrates the 

increased risk of serious illness secondary to IPD. Asthma is a chronic 

inflammatory disease of the respiratory system. It is caused by recurrent 

episodes of tightening of the bronchial tree muscles within the lung 

(bronchospasm) and overproduction of mucus [59]. These mechanisms work 

synergistically to eventually cause airway obstruction, which can 

subsequently lead to hypoxia. Unlike SCD, which is solely a genetic 

condition, there is both a genetic and environmental component with regard 

to disease induction in asthma. Varying phenotypes of asthma exist based on 

the type of cellular infiltration of the lung parenchyma, with allergic asthma 

(eosinophil-based) being the most well-known. Recent data demonstrate that 

over 1 million children are diagnosed with and treated for asthma in the 

United Kingdom (UK) population [60]. Despite treatment advances and a 

broad range of medication therapies, there were still over 1600 deaths directly 

caused by asthma in the UK between 2015 and 2017, making it one of the 

UK’s leading causes of preventable death [61].  As asthma is a respiratory 
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disease, much of its treatment process relies on aerosolised medication that 

can penetrate into the airways. This medication is most commonly delivered 

via inhalers, colloquially known as “relievers” or “preventers”. During an 

acute asthma exacerbation (bronchospasm-related attack), a muscle-relaxing 

β-2 agonist inhaler (reliever) is administered to open up the airways. Given 

that asthma is caused by chronic airway inflammation, the main “preventer” 

medications work to suppress this inflammation. This is achieved using 

inhaled corticosteroids (ICS), of which there are a variety of forms and 

strengths. When used appropriately, these medications can provide 

substantial disease control, helping those with asthma achieve increased 

quality of life.  Unfortunately, those with poorly controlled asthma can suffer 

frequent exacerbations of wheeze, leading to repeated hospital admissions; 

and even those with well-controlled asthma can suffer from clinical 

respiratory infections. Focusing on this infection risk in children, asthma has 

been shown to be associated with an 80% higher odds of invasive 

pneumococcal disease when compared to healthy controls (odds ratio = 1.80; 

95% confidence interval 1.50-2.22) [62]. Use of ICS may in part explain this 

increased risk of IPD since steroids reduce the activity of the immune 

response at the genetic level [63]. For example, Zhang et al. [64] 

demonstrated a significant increase in S. pneumoniae colonisation within the 

oropharynx when ICS was taken as regular medication, although this finding 

is not in keeping with other studies reporting a reduction in pneumococcal 

colonisation linked to a reduction in IPD following vaccination [30, 31].  

Additional insights into the possible role of ICS and vulnerability to IPD are 

provided by data on the effects of ICS in COPD.  A study from Japan 
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demonstrated that ICS use in a group of Japanese patients with COPD did not 

confer an additional increase in risk of IPD even at high doses, but it did 

decrease the overall risk of their COPD condition worsening [65]. These data 

do not support the theory that ICS, in general, increases IPD risk.  Indeed, in 

people with asthma who are not on continuous ICS therapy, having asthma 

itself still confers a twofold increase in risk of IPD when compared to an 

unaffected, healthy population, meaning that there are other factors increasing 

the risk of developing severe pneumococcal infection [66, 67]. These data 

highlight the complexity that underlies teasing out the mechanisms of 

vulnerability to IPD in inflammatory diseases. In asthma, another important 

factor to consider, aside from ICS use, chronic inflammation, and 

exacerbations, is the effect of episodes of tissue hypoxia secondary to the 

hypoxaemia.  

 

Hypoxia is a recurrent issue that can arise secondary to asthma exacerbations, 

due to the airways becoming blocked from bronchospasm and mucus 

secretion. Hypoxia in people with asthma has been shown to modulate the 

inflammatory response, as well as increase levels of oxidative stress [68].  

Since hypoxia has already been shown to increase the risk of IPD in cell 

culture, via increasing PAFR expression on host cells, this mechanism may 

translate into hypoxic lung tissue in vivo [46]. Considering the fact that 

hypoxia is also an important factor in the upregulation of PAFR expression 

in airway epithelia of those affected with COPD, this supports the theory that 

hypoxia-induced inflammation and oxidative stress may contribute to the 

increased risk of IPD in those with asthma [47]. Given that both asthma and 
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COPD have similar features in terms of bronchial tree dysfunction, it is not 

unreasonable to suggest that this hypoxia upregulated PAFR expression in 

the respiratory tract of those with asthma may also contribute to IPD risk. 

Although this is a plausible mechanism, no human studies to date exist 

focusing on PAFR expression and asthma, with only a few murine model 

studies exploring the relationship between the two.  

 

I previously highlighted that PAF plays a significant role in atopic disease, 

including asthma exacerbations [15, 17]. Thus, PAFR should also be involved 

in this process, given it is the primary endogenous receptor for PAF. Ishii et 

al [69] explored this hypothesis using PAFR -/- knockout mice. In their 

experiment, these mice demonstrated an attenuation in bronchial hyper-

responsiveness following a challenge from a known inducer of bronchospasm 

[69]. This reduction in bronchospasm underlines the complex role that PAFR 

may play in recurrent airway disease in chronic asthma. For example, it may 

both increase the adverse effects of PAF on clinical asthma disease, and 

increase the risk of IPD. This also raises the question of whether upregulation 

of PAFR expression is primarily caused by recurrent episodes of airway 

inflammation; airway hypoxia; or some combination of these. Remarkably, 

to the best of my knowledge, PAFR expression has not been assessed in the 

airways of people with asthma, and whether expression is increased or not is 

an important question that remains to be addressed. 
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1.1.6. PAFR introduction summary 

As demonstrated from previous studies PAFR expression in healthy 

respiratory tissue is negligible [70-73]. Therefore, any observed increased in 

expression in those with either SCD or asthma could potentially be quite 

significant. Given that there is a well described link between S. Pneumoniae 

and PAFR, and that both SCD and asthma demonstrate an increased risk of 

infection from S. Pneumoniae, investigating PAFR expression in these 

experimental groups is an important step in understanding this risk [38, 72, 

74, 75].  

 

PAFR expression within the respiratory tract has not yet been investigated in 

either paediatric SCD or paediatric asthma populations. Given the increased 

risk of IPD in both populations, and the unanswered questions around how 

this increased risk of infection arises, it is reasonable to postulate an 

association between PAFR and paediatric asthma and SCD. 

 

Since in vitro and murine models have demonstrated a strong link between 

PAFR and S. pneumoniae infection, investigating the role of environmental 

factors involved in inducing PAFR expression is both important in its own 

right, and in assessing its contribution to susceptibility to IPD in asthma and 

SCD. One of the most important considerations at present is the role that air 

pollution, especially particulate matter (PM) pollution, has to play in PAFR 

expression in paediatric populations. 

 

 



42 
 

 

1.2. Air Pollution 

Air pollution is a global health emergency, being directly or indirectly 

responsible for the deaths of over 8 million people worldwide annually, with 

over half of these linked to outdoor air pollution [76].  Though not a new 

phenomenon, the industrial revolution caused a dramatic increase in 

anthropogenic outdoor air pollution, overtaking the influence of naturally 

occurring sources such as wildfires or volcanic eruptions [77].  As technology 

advanced and motorised transport expanded, emissions of traffic-related air 

pollution (TRAP) from the combustion engines of cars, articulated lorries and 

trains became one of the main drivers of outdoor air pollution in the 

industrialised world [78]. The UK in particular has demonstrated that TRAP 

released from diesel and petrol car engines poses a major health risk, having 

a range of adverse effects on the respiratory, cardiovascular, and neurological 

systems [79-81]. This has led to local strategies being enforced such as the 

London ultra-low emission zone (ULEZ) to try and combat its detrimental 

effects (Figure 3) [82].  
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Figure 3 Map of inner-city London demonstrating the ULEZ boundaries  

(broken red line) and ULEZ area (green).  

Within the boundaries of the ULEZ vehicles that don’t meet strict emission 

standards are charged a penalty notice, which serves as a disincentive in a bid 

to reduce high emission traffic burden. Reproduced from Transport For 

London, 2022 [82]. 

 

Air pollution from TRAP is made up of many components, with particulate 

matter (PM) being shown to have the most detrimental effects on human 

health. Particulate matter consists of two main components. Primary PM is 

made directly from the combustion process, and causes the release of black 

carbon (BC) molecules surrounded by either metals or additional carbon 

atoms (essentially soot) into the atmosphere [83]. Secondary PM is related to 

the formation of toxic gases created by chemical reactions between 

atmospheric gases and gases released from the combustion process, most 

notably nitrogen dioxide (NO2) [83]. In recent years, there has been a 

dramatic increase in the number of studies exploring how air pollution affects 
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our health. Though the majority of studies focus on the risk caused by 

exposure to either NO2 or primary PM it must also be noted that CO, which 

will not be a focus of this study also has a significant link to cardiovascular 

and respiratory disease in those exposed to even sub-safe threshold limits 

[84].  

 

1.2.1. NO2 introduction 

NO2
 is part of the nitric oxide (NOx) family of toxic gases, which also includes 

nitrous acid and nitric acid. It is formed chemically during combustion when 

nitrogen is mixed with oxygen. It can be formed naturally by events such as 

lightning storms, but since the industrial revolution it is now a well-known 

man-made cause of both outdoor and indoor air pollution. Within Europe it 

is responsible for nearly 50% of the continent’s air pollution-related 

emissions, which is linked exclusively to the NO2 produced from the 

combustion of fossil fuels [85]. These fossils fuels include those from outdoor 

sources such as TRAP, and from indoor sources such as gas cookers. Data 

directly from England over the last 30 years demonstrate that TRAP is now 

the predominant producer of ambient NO2 air pollution, though levels have 

been decreasing since the 1990s (Figure 4) [86].  
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Figure 4. Annual recorded mean NO2 levels in the UK from 1992 to 2021.  

The red line indicates NO2 levels produced by roadside vehicles over the 

last 30 years. NO2 emissions are measured in ug/m3. Reproduced from 

Department of Environment, Food and Rural affairs, 2022 [86]. 

 
 
Indoor sources of NO2 production are now primarily from cooking 

appliances, and candle burning [87].  Outdoor levels of NO2 correlate closely 

with combustion engine generation, hence atmospheric NO2 is used regularly 

as a marker for TRAP in major cities around the globe, and remains the focus 

for most research groups. The overall detrimental health effects of increased 

NO2 exposure in adult and paediatric populations from both indoor and 

outdoor incendiary sources have been extensively explored.  

 

1.2.2. NO2 and human health 

Veiria et al. [88] investigated the effects of both indoor and outdoor air 

pollution in children in Brazil, and demonstrated that those exposed to high 

levels of NO2 have a significantly increased risk of asthma and other 
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respiratory conditions such as pneumonia. Further studies focusing on indoor 

air pollution were able to establish a link between the high levels of NO2 

released from gas-driven cooking appliances and an increased risk of wheeze 

and asthma in exposed children [89]. NO2 exposure has been demonstrated to 

act prenatally on the fetus. This has the potential to affect child health and 

development, with multiple studies linking high exposure to low birth weight 

and poor neurodevelopmental outcomes [90, 91].  It must be noted that most 

studies investigating NO2 exposure used modelled exposure. This is data 

collected from various air pollution monitoring stations that details the degree 

of air pollution exposure in the area around the stations. This can give a rough 

estimate of the air pollution exposure of an individual based on their 

geographical location.  It can be expensive and difficult to collect personal 

day-to-day data reliably due to the gaseous nature of NO2.  

 

As with other toxic chemicals, there are agreed safety limits for air pollution 

exposure, with guidance implemented by both the World Health Organization 

(WHO) and the European Union (EU). Recent data suggest that over 99% of 

the global population now live in areas that exceed WHO safety limits for air 

pollution exposure of any type [85]. Given the modelled NO2 exposure in 

England, it is highly likely that the children of London are experiencing 

exposure levels higher than the proposed safety limits shown below (Table 1) 

[85].  
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Air Pollutant Annual 24 - hour 

NO2 (µg/m3) 10 25 

PM10 (µg/m3) 15 45 
 

Table 1. Air pollutant safety limits. 

This table demonstrates the mean annual and total 24-hour exposure limits 

for both NO2 and PM10 as proposed by the WHO. Air pollution exposure 

levels are measured in µg/m3. Adapted from WHO Ambient Air Pollution, 

2021 [85]. 

 

 

Though this type of air pollution has often proven difficult to measure 

accurately, primary PM-derived air pollution has been demonstrably easier to 

measure and record for health and research purposes, which we shall now 

explore.  

 

1.2.3. PM classification 

Primary PM is mainly derived from BC following combustion of fossil fuel. 

It can be further classified into 3 main categories based on their aerodynamic 

diameter: PM10 (less than 10 microns in diameter; PM2.5 (less than 2.5 

microns in diameter); and fine PM (less than 1 micron in diameter).  In the 

UK, TRAP is the main generator of primary PM, with PM10 being the most 

prominent form, though evidence suggests levels have been tailing off 

slightly over the past 30 years (Figure 5) [92].  
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Figure 5. Annual recorded mean PM10 levels in the UK 1992 to 2021.  

The red line indicates PM10 levels produced by roadside vehicles over the last 

30 years. PM10 emissions are measured in ug/m3. Reproduced from 

Department of Environment, Food and Rural Affairs, 2022 [92].  

 

Primary PM is a respirable molecule; thus, the respiratory tract is the main 

conduit by which it can engage with and enter the human body. Primary PM 

particles with larger diameters rest in the upper airways, whilst the smaller 

ones can reach the deep tissues of the lung. Here, the primary mechanism by 

which primary PM is thought to influence disease in the lung tissue is via 

oxidative stress pathways [93]. This is thought to occur secondary to exposure 

to the BC core and its surrounding elements [93]. Currently, little is known 

about how its overall morphology may influence its interaction with the 

respiratory epithelium. This is mainly due to the limitations of observing 

these PM particles from a 2-dimensional (2D) plane [83]. This issue may have 

been recently overcome, with a team from Kingston University visualising 

primary PM derived from a volcanic eruption in  a 3-dimensional (3D) plane 
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using a specialised laser microscope [94]. This new insight into non-

anthropogenic PM demonstrated that the particles were not spherical (as was 

once thought), but had small jagged edges [94]. If these findings are 

replicable using primary PM from TRAP, it may help further our 

understanding of the PM-epithelium interface.  

 

1.2.4. PM in human health 

Studies investigating the harmful health implications of primary PM have 

shown that its detrimental effects can extend beyond the lung. It has been 

demonstrated to increase the risk of cardiovascular disease, and has also been 

linked to neurodegenerative diseases such as dementia [95-98]. Indeed, 

postmortem studies have previously shown the presence of primary PM 

within the heart and brain tissue of those exposed to high levels [99, 100]. 

Recently, primary PM has been linked to a possible increase in health risk 

prenatally, with traces of BC of found in the placental tissue of women 

exposed to London air pollution [101].  Its most well documented effects are 

still lung-related, especially its association with the incidence of asthma and 

recurrent exacerbations [97, 102, 103]. Sadly, for the first time ever, an 

asthma death has been directly linked to air pollution, highlighting the 

importance of fully understanding the effects primary PM has on the lung 

[104].  

 

Looking at how TRAP-associated PM may influence the interaction between 

lung tissue and S. pneumoniae, Shears et al. [105] observed that primary PM 

derived from TRAP significantly increased the risk of pneumococcal 
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pneumonia in murine model experiments. A recent large-scale Malawian 

study looking at the association between children exposed to primary PM 

derived from household air pollution and the incidence of S. pneumoniae 

carriage, demonstrated a 10% increase in nasopharyngeal carriage of the 

bacteria in those children versus children unexposed to the same level of PM 

[106].  

 

Taken together, not only does primary PM exposure from air pollution 

increase the risk of IPD as well as increase bacterial colonisation; it can also 

induce chronic inflammatory diseases such as asthma in the lungs of exposed 

children [97, 103, 107].   

 

As discussed above in section 1.1.3, PAFR is upregulated secondary to 

oxidative stress, and it is therefore reasonable to question whether air 

pollution can affect PAFR expression, and in turn influence S. pneumoniae 

adhesion and infection. 

 

1.2.5. Air pollution and PAFR 

It is important to recognise that any form of combustion can contribute to air 

pollution. I have already discussed how CSE, and welding fumes could not 

only upregulate PAFR expression, but also increase the level of bacterial 

adherence to respiratory cells in vitro [38, 39]. A separate study also 

replicated these results with in vivo sampling [41]. Though these studies 

mainly relate to indoor air pollution, the effects of outdoor air pollution have 

also been investigated with regards to PAFR expression.   
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Mushtaq et al. [108] were the first to properly establish the link between 

primary PM from outdoor air pollution and an increase in PAFR expression 

at the cellular level. Here, they explored the effects of crudely collected urban 

primary PM on the respiratory epithelial cell lines A549 and Human 

Pulmonary Endothelial Cells (HPEC). They established that primary PM was 

not only able to increase PAFR expression in both cell lines, but that this 

increase correlated with a rise in S. pneumoniae adherence to the cultured 

cells (Figure 6) [108].  

 

 

Figure 6. Adhesion of S. Pneumoniae to human bronchial and alveolar cell 

lines follow exposure to PM10. 

This figure demonstrates an increase in binding by S. Pneumoniae to both 

human bronchial epithelial cells (HBEpC) and A549 cells following a 4-hour 

culture exposure to PM10 at a concentration of 50µg/ml (+) versus unexposed 

cells (-). Data are represented as means and SEMs (n > 5) and representative 

of more than 3 separate experiments. * = p < 0.05, ** = p < 0.01. Image 

reproduced with permission from Mushtaq et al, 2011 [108]. 

 

As this study used crudely collected primary PM, it does not address whether 

freshly generated TRAP PM collected as free PM would affect PAFR 

expression in the same manner.  Though many studies have investigated the 
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role of air pollution and its different effects on both cellular and molecular 

processes within the human body, there is a lack of evidence to properly 

evaluate air pollution in its true form. This is specifically because PM are 

eluted from filters applied in in vitro studies, and the effect of elution (the use 

of a solvent to extract PM from air filters) is unknown. This limitation has 

recently been overcome with the invention of the Cyclone device.  

 

Rule et al. [109] have created a specialised device that has the ability to 

collect bulk primary PM from background air pollution in a relatively pure 

form - called the high volume Cyclone device (Figure 7).  

 

 

 

Figure 7. The Cyclone particulate matter collector [109]. 

 

This device has a powerful suction fan that draws in ambient air via a 

specially constructed spout. This spout has a mesh filter attached, to limit 
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the size of the collected particles to less than 10 microns in diameter. A port 

at the base of the spout holds an electrically neutral collection chamber 

where the filtered PM aggregates.  

 

Our group have previously used this collection tool to demonstrate that 

household primary PM  collected from a range of combustible materials, was 

able to produce consistent results with regards to PAFR expression and S. 

pneumoniae adherence in vitro [70]. This technique has not been previously 

used to collect ambient urban primary PM.  

 

Another important research question concerns how air pollution affects PAFR 

expression using in vivo models. A limited study by Miyashita et al. [73] 

investigating PAFR expression following exposure to ambient air pollution 

in vivo demonstrated not only the feasibility of such a project, but also that 

air pollution increased PAFR expression in the study participants. At present 

no large-scale study in either paediatric or adult populations exists 

investigating the effect that air pollution may have on PAFR expression. 

These are some of the main areas where evidence is lacking, and somewhere 

that an appropriate study may help better our understanding of mechanisms.  

 

1.2.6. Air pollution introduction summary 

It is clear that air pollution and in particular, primary PM has an important 

role to play in human health and infection. The role of PAFR in this process 

has been tested, but has not been fully investigated - especially in respect of 

outdoor air pollution, and in particular TRAP. Furthermore, the baseline 
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expression of PAFR in paediatric populations has yet to be defined. Given 

our current climate emergency, it is more important than ever to investigate 

the roles of exposure to air pollution and consequent effects on PAFR 

expression, and how this may affect vulnerability to pneumococcal infection 

in children.  

 

Thus, investigation of constitutive PAFR expression in children with 

inflammatory conditions such as asthma and SCD and how air pollution 

influences this association is necessary.   

 

1.3. Objectives 

1.3.1. Primary objectives 

1. To define the morphological characteristics of TRAP-related PM. 

2. To determine the effects of respirable PM collected from TRAP on 

both  

i.) PAFR expression on respiratory epithelium in vitro 

ii.) S. pneumoniae adhesion to respiratory epithelium in vitro  

3. To determine the level of PAFR expression in the nasal epithelia of 

children with asthma and sickle cell disease and compare it to both 

the healthy and atopic control groups.  

4. To assess the ability of S. pneumoniae to adhere to nasal epithelia, in 

children with asthma and sickle cell disease and compare it to both 

the healthy and atopic control groups. 

5. To measure the levels of PM-related air pollution exposure in all four 

paediatric groups under investigation.  
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6. To assess the relationship between PM-related air pollution exposure 

and PAFR expression in children in both the disease and control 

groups. 

 

1.3.2. Endpoints 

1. Assessing the effect of respirable PM in vitro and determining 

possible association between exposure and infection. 

2. Quantifying and comparing levels of PAFR expression in both the 

paediatric experimental and control groups, and its relationship to S. 

pneumoniae adhesion to nasal epithelial cells in the same groups. 

3. Quantifying the level of air pollution exposure amongst children 

living in London. 

 

1.4. Hypothesis 

1. Anthropogenic PM collected from roadside incendiary sources is 

associated with an upregulation in PAFR expression on airway 

epithelium.  

2. Anthropogenic PM collected from roadside incendiary sources is 

associated with an increase in bacterial adhesion, and therefore 

invasion by S. pneumoniae.  

3. PAFR expression is raised in a constitutive manner in children with 

underlying inflammatory conditions such as asthma and sickle cell 

disease. 
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4. The increased risk of S. pneumoniae adhesion and subsequent 

infection in the disease groups is, in part, secondary to an increase in 

constitutive PAFR expression. 

5. Air pollution exposure in children in London is above the defined 

WHO safety thresholds. 

6. Air pollution exposure is a contributory factor to both an increase in 

PAFR expression and S. pneumoniae infection in both the disease and 

control groups. 
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Chapter 2. Methods and Materials 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



58 
 

2.1. Roadside particulate matter collection  

Roadside PM was collected using a high-volume cyclone device [109]. 

Marylebone road was chosen as the collection site, as it has been repeatedly 

shown to have one of the poorest air quality indexes in London [92] (Figure 

8). 

 

 

 

Figure 8. Roadside placement of the Cyclone on Marylebone Road. 

 

The duration of sampling was between 6 and 8 hours a day over 30 individual 

days from June to August 2019. The cyclone device was connected to a 

battery-operated power generator (Goal Zero Yeti 3000 Lithium Generator), 

which was charged for 24 hours prior to use. Device suction was set at an air 

flow speed of 800L/minute (as per unit recommendations). A specialised cap 

was fitted to the cyclone to limit the size of particles inhaled by the collection 

nozzle to less than 10 microns. The collected PM was then filtered through a 
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10 micron mesh, pooled into specialised glass tubes, and stored at room 

temperature at the Blizard Institute (Figure 9).  

 

 

 

Figure 9. Collated dry powder PM material contained within a static-proof, 

sealed glass container. 

 

2.1.1. Particulate matter slide preparation and imaging  

Double-side adhesive carbon disks (12mm, Agar Scientific Ltd., UK) were 

adhered to microscope slides (VWR International, UK). PM samples 

(roadside collected PM as per section 2.1) were prepared in a tissue culture 

hood without airflow. Samples were sieved through a mesh filter (50µm, 

VWR) onto the carbon disk slides to prevent clumping or aggregation of 

particles.  Slides were then imaged using a LEXT OLS4100 laser scanning 
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confocal microscope (Olympus Corporation, Japan) with a 405nm laser. 

Images were taken using a x50 or x100 objective lens, each having a 

numerical aperture of 0.95, with imaging data collected using the fine mode 

setting.  Imaging threshold parameters were set by adjusting the upper limit 

to just above the top of the particles, and the lower limit to just below the 

level of adhesive disk. Particle size was measured using the Olympus 

OLS4100 microscope system software (Olympus Corporation, Japan) and 

stored in a Microsoft® Excel spreadsheet. For size measurements, particles 

were considered as approximately elliptical and the longest 2D axis was 

termed the ‘major axis’ and the associated perpendicular axis was termed the 

‘minor axis’. The maximum 3D height was determined using a profile tool in 

the software. Descriptive statistics of particle size data were calculated using 

Minitab v19 (Minitab Inc., USA). 

 

2.1.2. Preparation of A549 cell line 

Human airway A549 epithelial cells (Sigma) were grown to confluency in 

primary airway epithelial media with supplements (PromoCell, Heidelberg, 

Germany) and 5% penicillin-streptomycin (Sigma Aldrich) seeded in cell 

culture flasks and allowed to incubate at 37°C with 5% CO2 . Cells were then 

detached from cell culture flasks with trypsin (StemCell) and centrifuged 

(3000rpm, 3mins). The pellet was resuspended in Dulbecco modified eagle 

medium (DMEM) (Promocell) and cells seeded into flow cytometry tubes 

(2x105 cells/tube).  

 

 



61 
 

2.1.3. PM exposure of A549 cell line 

Dry roadside PM was collected as described in section 2.1. 2mg of roadside 

PM was suspended in 10ml of Dulbecco phosphate buffered saline (DPBS). 

This was initially vortexed at 500rpm for 15 seconds and then underwent 

sonification (Thermo Scientific™) to produce a final concentration of 200 

µg/ml stock. A549 cells seeded into 4 different flow cytometry tubes (2x105 

cells/tube,) were used to give 2 sets of duplicate groups per experiment. The 

experimental group was exposed to the roadside PM solution at a 

concentration of 10 ug/ml, and unexposed controls were incubated with the 

same volume of DPBS, without roadside PM. Exposure was performed for 

2.5 h at 37oC.  Following this, cells were washed twice in 1ml DPBS in 

preparation for either antibody staining or bacterial CFU experiments. 

 

2.1.4. Antibody staining of cells to determine PAFR expression 

The technique described below was used to perform antibody staining for 

PAFR expression measurements throughout the in vitro and in vivo 

experiments. All primary antibodies were prepared in DPBS. Cells were 

incubated with either polyclonal anti-PAFR antibody (1:200) from a rabbit 

host (ab104162, Abcam, Cambridge, UK) to detect PAFR expression (group 

1), or with monoclonal immunoglobulin (Ig) G isotype antibody (1:200) from 

a rabbit host (ab172730, Abcam) to control for background non-specific cell 

surface receptor binding (group 2). Anti-E Cadherin antibody (1:100) from a 

mouse host (ab1416, Abcam) was used as an epithelial cell marker in all 

samples. Samples were incubated with primary antibodies and agitated on a 

shaking platform at room temperature for 60 min.  
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Cells were subsequently washed (1ml DPBS) and centrifuged (1200rpm for 

3 minutes) twice before incubation with secondary antibodies (prepared in 

DPBS).  The secondary antibodies were conjugated to either goat-anti-rabbit 

Alexa Fluor 488 (1:3000; ab150077, Abcam) for detection of PAFR/isotype 

expression or conjugated to goat-anti-mouse allophycocyanin (APC) 

(1:1500; ab130786, Abcam) for the detection of E-cadherin. Samples were 

incubated with secondary antibodies on a shaking platform in the dark for 30 

minutes.  

 

Antibody  Target Host Clonality 

Anti-PAFR antibody PAFR receptor Rabbit Polyclonal 

Isotype antibody Non-specific binding Rabbit Monoclonal 

Anti-E-cadherin  E-cadherin receptor Mouse Monoclonal 

Alexa Flour 488 PAFR / Isotype IgG Goat Polyclonal 

APC E-cadherin antibody IgG Goat Polyclonal 

 

Table 2. Summary of the different antibody staining used for flow 

cytometry analysis of PAFR expression.  

 

Following incubation, cells were washed (1ml DPBS) and centrifuged (1200 

rpm for 3 minutes) twice. The final cell pellet was resuspended in 500µl 

DPBS for analysis on the Beckton Dickinson (BD) Canto II flow cytometry 

device. 

 

The two fluorochromes used in the experiments were Alexa flour 488 and 

APC. The excitation point for each is 488nm and 640nm, respectively. This 

ensured that any light emitted and read by the panels following laser 
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excitation would have likely been emitted by the fluorochrome in question, 

as the spectral overlap of the signal would have been minimal.  

 

2.1.5. Preparation of bacterial suspension 

The virulent type 2 S. pneumoniae encapsulated strain D39 (NCTC 7466) was 

purchased from the National Collection of Type Cultures (Central Public 

Health Laboratory, London, UK) and were inoculated in brain-heart infusion 

(BHI) broth (Oxoid, UK) and incubated in a water bath (Fisher Scientific) at 

37oC until reaching an optical density (OD600) of 0.5. Once at OD600 0.5, the 

culture was centrifuged at 3500 rpm for 10mins, the supernatant discarded, 

and the pellet finally resuspended in 1ml of experimental media. This media 

contained primary airway epithelial cell media without the addition of 

antibiotics or antimicrobials. The resuspended culture was transferred to a 1.5 

ml Eppendorf and centrifuged for 5 minutes at 13000rpm to remove residual 

BHI broth. This wash step was repeated one further time before finally 

resuspending S. pneumoniae in experimental media to OD600 1.0, ready for 

use in the CFU experiments or those involving the bacterial “micro-adhesion” 

assay (described in section 2.3). 

 

2.1.6. Pneumococcal infection of A549 cell line exposed to 

roadside PM 

PM-exposed A549 cells (as described in section 2.1.3) were seeded (2.5x105 

cells/well) into 3ml 8-well plates (Thermo Scientific™) with 2ml of 

additional experimental media added to each well. 100ul of previously 
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prepared S. pneumoniae suspension was then added to each well. The 8 well 

plates were then allowed to incubate for 2.5 hours at 37oC. The wells were 

then removed from the tissue culture incubator and each well was washed 

twice with 1ml of DPBS to remove any non-adherent bacteria. 1ml of sterile 

water was then added to each well to lyse the A549 cells. The lysate from 

each well was then added to individual premade blood agar plates. The plates 

were stacked and sealed in cling film and allowed to incubate at 37C with a 

CO2 of 5% for 24 hours. The plates were then removed and the CFU 

(count/mL) of each plate was counted. When multiple plates were used due 

to experimental duplicates or triplicates, the mean CFU from the 2 or 3 plates 

was used for analytical measurements.  

 

2.1.7. Paediatric study design 

The recruitment strategy for this study was to enrol 92 children (age 1 to 17 

years) across 4 investigatory groups (n=23 per group):  

 

Group 1 – Children with Atopic disease but not asthma (atopic control)  

Group 2 – Children with Asthma (5 to 17 years) 

Group 3 – Children with Sickle cell disease (1 to 17 years) 

Group 4 – Children without any conditions (unaffected healthy control) 

 

Inclusion Criteria: 

Group 1: atopic controls aged 1-17 years who do not have asthma but have 

atopic conditions such as eczema, allergic rhinitis, and/or food allergies 

would be eligible to enter the study. 
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Group 2: children with school-age asthma aged 5-17 years, that has been 

diagnosed by either a paediatric respiratory consultant or general paediatric 

consultant. 

 

Group 3: children with sickle cell disease aged 1-17 years. This diagnosis 

will have been confirmed previously by a haemoglobinopathy screen, 

performed as part of the newborn blood spot test. 

 

Group 4: healthy controls aged 1-17 years, without any major medical 

problems (e.g., congenital heart disease, respiratory disease, kidney or liver 

disease or immunodeficiency). 

 

Exclusion Criteria:  

1. Individuals with a known major medical diagnosis (e.g., congenital 

heart disease, respiratory disease, gastrointestinal, kidney or liver 

disease). 

2. Those receiving immunosuppressive drug therapy or those with an 

underlying diagnosis of immunodeficiency. 

3. Current active tobacco smoker or history of smoking in the previous 

12 months. 

4. Any inclusion criteria not met. 

5. Inability to give samples. 

  

Children within the disease groups were recruited from either inpatient or 

outpatient settings at the Royal London Hospital (e.g., inpatient wards, 
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outpatient clinics, elective day care unit). Healthy controls were recruited as 

healthy siblings of patients attending the Royal London Hospital or from 

those who contacted the research team directly after witnessing the poster 

advert. Inpatients or outpatients without any significant chronic medical 

conditions, inflammatory or respiratory conditions were also eligible to 

participate as healthy controls if they met the listed criteria.  

 

Participants were approached for recruitment provided their inclusion did not 

affect any prior research studies or clinical trials taking place at this or another 

NHS trust.  

 

Informed consent was obtained from parents or adults with parental 

responsibility prior to enrolment in the study. An option to remove consent 

was also given to participants during the initial home visit. Consent was 

documented and stored in written format on consent forms that were tailored 

for both the disease and control groups and were presented as age-appropriate 

material (see Appendix F).  

 

A graphical representation of the recruitment and data collection process is 

highlighted in Figure 10 below. 
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Figure 10. Study scheme diagram. 

The scheme above demonstrates the relative recruitment process and 

timelines with regards to data collection.  
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2.1.8.  Data collection and storage 

Data were stored in paper and electronic formats. Participant data were 

collected onto a Case Report Form which were stored within the 

investigator’s site files and securely located in a locked cabinet within the 

Blizard Institute. Data stored on university computers were de-identified. 

Only participant identification numbers were recorded on the Case Report 

Form. The only document linking their personal details (name) to their 

participant ID was the consent form – one copy was given to the patient, one 

copy stored in medical records and one copy kept within the investigator’s 

site file, securely stored within the Blizard Institute.  

 

2.1.9. Case report forms 

A 3-page questionnaire was used to collect demographic data pertaining to 

each participant. This sheet was completed by the parent or legal guardian. 

Provisions such as translators or electronic reading of the documents were 

also in place for any cases where language or literacy were an issue.  

 

The questionnaire collected information in two parts prior to the biological 

sampling.  

 

Part 1 involved information related to the demographics and relative medical 

history of the participant: 

- Ethnicity 

- Medical diagnosis (if any) 

- Vaccination status 
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- Known drug or food allergies 

- Family history of medical conditions 

 

Part 2 involved information pertaining to potential air pollution exposure by 

recording the following: 

- Type of cooking stove present in the house 

- Type of travel means used to reach nursery/school  

- Journey length to and from nursery/school  

- Number of candles burned indoors (if any) 

- Whether it was a tobacco smoking or non-smoking household  

- Length of time spent outdoors for play purposes 

 

2.1.10. Nasal epithelial cell collection 

Following informed consent, nasal epithelial cells were collected from 

participants using a dental brush (Dento-care 620, 2.7mm interdental brush). 

The dental brush head was inserted into the nasal vestibule to a depth of 0.5cm 

to 1cm, dependent on the child’s size. A separate nasal brush was used to 

sample the lining of each nostril, and both were subsequently pooled into a 

15ml Falcon tube (VWR international, UK) containing 2.5 ml of primary 

airway epithelial media with supplements (PromoCell, Heidelberg, Germany) 

and 5% penicillin-streptomycin (Sigma Aldrich). The samples were then 

transported to the Blizard Institute laboratory at room temperature and 

analysed for PAFR expression within four hours of their collection.  
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Once prepared, the 2.5ml of solution containing the primary airway cells was 

split for analysis to investigate PAFR expression (1.5ml) via flow cytometry, 

and for preparing for the microadhesion assay (MAA) (1ml) (section 2.3).   

 

The sample for PAFR expression analysis was first split into two separate 

sample groups: 

 

Group 1 – PAFR expression  

Group 2 – Isotype control expression  

 

Following this, the cells in each group were stained using the antibody 

techniques detailed below. 

 

2.1.11. Preparation of nasal epithelial cells 

Cells were washed in 1ml of flow cytometry (FACS) buffer (DPBS with 2% 

foetal bovine serum (FBS), Stemcell Technologies, Cambridge, UK) and 

centrifuged (1200 rpm for 3 minutes). The supernatant was discarded, and the 

cell pellet resuspended in 500µl FACS buffer. The cell suspension was 

vortexed and split equally in four separate flow cytometry tubes (group 1 and 

2, in duplicate).  DPBS was used as both an additive for the FACS buffer as 

well as a control medium for the in vitro experiments due to its more 

physiological pH level of 7.4. Normal saline was considered as a possible 

substitute for DPBS but previous studies have described it as having a more 

acidic pH range (4.6 – 5.5) [110, 111]. This pH range would put the cells at 

risk of apoptosis or cell death from lysis and so could interfere with the overall 
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experimental process. With this in mind, DPBS was chosen as the control 

medium for each of the experiments.  

 

2.1.12. Flow cytometry parameters for PAFR expression  

Flow cytometry analysis was carried out using the BD Canto II, a three-colour 

laser machine, as before. The Detroit cell line was used to set voltage 

parameters, below which unwanted signals (e.g., from dust etc) are not 

detected. The voltage parameters, which were consistently used for the 

duration of the study, were set as follows: FSC 192, SSC 352, FITC 491, APC 

681. The fluorochromes used were based on recommendations by the supplier 

(Abcam) and from previously established protocols designed by our 

laboratory [40, 70, 71, 73].  

 

2.1.13. Flow cytometry analysis 

Analysis of the immunostaining was carried out using FlowJo software 

following flow cytometry. This was performed using a unique gating analysis 

discussed in section 2.1.14.  Analysis was only carried out following the 

completion of the FlowJo analysis course held at Guy’s and Saint Thomas’ 

Hospital research department prior to the optimisation experiment. 

 

2.1.14. Optimisation of gating analysis 

To ensure that the only the correct cells were being investigated and analysed, 

a primary nasal epithelial cell line (Detroit Cell Line) was used to develop a 

gating strategy for the participant nasal cell sample.  This cell line best 

represented the comparative in vivo cells (paediatric nasal epithelia) for 
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collection during the study. Following the immunostaining techniques as 

mentioned in section 2.1.4, cells underwent flow cytometry using the 

parameters set out in section 2.1.12. The final gating strategies were a 

combination of techniques previously used by our group using an A549 cell 

line, and optimisation experiments using the nasal epithelial cell line (Detroit 

line) in isolation (Figure 11A and 11B.) [40, 70, 71, 73].   

 

 

 
 

Figure 11 (A) and (B). Gating strategy used to determine PAFR expression 

(MFI) in collected nasal epithelial cells.  

Figure (A) represents the main cell population of interest (tapered hexagonal 

box) highlighted to exclude debris. Figure (B) represents the secondary 

antibody fluorescence, with the area of interest (rectangular box labelled 

MFI) highlighted, demonstrating the area with the highest probability of E-

cadherin positive (APC-A) cells with associated PAFR expression (FITC-A).  

 

The preparation for the antibody straining of the nasal epithelial cell samples 

was identical to that described in section 2.1.4. This was to ensure that the 

correct cell population was being measured from participant samples, as nasal 

samples were also likely to contain non-epithelial cells and debris. As with 

the A549 cells, PAFR expression for the nasal epithelial cells was measured 
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using the MFI of FITC, adjusted for non-specific background binding via the 

isotype control.  This can be demonstrated by the following formula: 

 

Experimental sample MFI – Isotype sample MFI = True Experimental MFI 

 

Data were stored in Microsoft® Excel and transferred to Prism Graphpad v9 

for analysis.  

 

2.2. Novel methods development: the micro-adhesion 

assay 
 

2.2.1. Introduction 

Traditional methods of analysing bacterial adhesion focus on exposing a 

specific cell line to a bacterial suspension, washing, and then lysing the cells 

and smearing the lysate on specific agar growth plates. These agar plates are 

allowed to incubate overnight, and after 24 hours the amount of bacterial 

growth in the form of CFU is collated and analysed. This method is well 

established in studies where cells are grown to confluency but could be prone 

to error when trying to investigate bacterial adhesion in freshly collected 

human cells. Furthermore, this method does not allow for constitutive 

adhesion to be analysed.  Rise et al. [112] attempted a visual method to assess 

constitutive bacterial adhesion to collected respiratory epithelium, using 

experimental bacterial species with known increased adherence properties. 

Using their method, they were able to demonstrate a significant difference in 

the adherence properties of bacteria to epithelium from smokers and non-

smokers, showing that such a method was feasible and replicable [112]. As 
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my sample consisted of freshly collected nasal epithelia from children, a 

suitable assay required development to analyse bacterial adhesion in a 

constitutive fashion.  

 

2.2.2. Slide preparation 

Negatively charged glass slides (Starfrost Ltd) were pre-coated with collagen 

(1:30 DPBS). After 30 minutes of incubation at 37°C, the slides were 

removed and allowed to air-dry. Once dry, they were labelled and placed into 

individual cytofunnels (Thermo Scientific™).  

 

2.2.3. S. pneumoniae adhesion to primary nasal epithelial cells 

Nasal cells described in section 2.1.10 were used in the MAA. Once the 

sample was returned to the Blizard Institute, the cells were washed twice in 

1ml of the experimental media (described in section 2.1.5) and resuspended 

in 70ul of the same experimental media. 35ul aliquots were added to two 

separate cytospin funnels containing the pre-collagenated slides. These were 

cytospun at 200rpm for 5 seconds to allow the cell suspension to adhere to 

the slide at the cell viewing site.  The slides were then removed from the 

cytofunnels and 100ul-volume adhesive wells (Flexiwell™, Sigma-Aldrich 

UK) were attached around the cell viewing site. The adhesive chamber wells 

were further protected with a hydrophobic marker (Newcomer Supply) to 

minimise leakage. Slides were subsequently placed into Petri dishes for 

support and 50µl of the previously prepared S. pneumoniae suspension 

(section 2.1.5) was added to each chamber well. The Petri dishes were 

covered and placed in an airtight sealable bag (to prevent evaporation inside 
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chamber wells) and incubated at 37oC with 5% CO2 for 2 hours. The slides 

were subsequently removed, and the adhesive wells were detached.  Slides 

were washed once with 1.5ml of DPBS using a Pasteur pipette to remove any 

non-adherent bacteria. The slides were then allowed to air-dry before being 

fixed and stained (Hemacolour®, Merck). A glass coverslip was adhered to 

the slide with Vectamount mounting fluid (Vector Laboratories) and briefly 

viewed by light microscopy (100x) to determine the presence of cells and 

bacteria. 

 

2.2.4. Micro-adhesion assay analysis 

Slides were imaged using a stereo-histology microscope (Mazurek Optical 

Services) at x100 magnification under immersion oil using PictureFrame 2.2 

computer software. 20 randomly chosen cells per slide were captured for 

analysis. The imaged cells were then analysed by ImageJ (National Institutes 

of Health, USA). Scale parameters were set at a known distance of 1473 

pixels, equating to 100µm at x100 magnification. Images were converted to 

a 32-bit grey bit scale. The nucleus and area outside of the cell membrane 

were deleted using a freehand tool. Adherent bacteria were then selected 

using the same freehand gating tool and converted to turn red to aid in analysis 

(Figure 12).  
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Figure 12. Image of nasal cell sample taken on ImageJ platform  

The image shows an epithelial cell having been prepared for MAA with 

adherent bacteria in the cellular area (red). The nucleus and surrounding area 

external to the cell has been faded to black to prevent any false positive 

readings. 

 

The red threshold was measured as µm/m2 to give a measurement for mean 

bacterial load (adherence) per cell. Mean bacterial load (µm/m2) was 

compared to PAFR expression (MFI) to determine if a correlation existed 

between the two.  

 

Feasibility experiments were performed using the A459 cell line and an 

agonist of PAFR expression, iQOS. I was able to demonstrate that iQOS 

caused a measurable increase in bacterial adhesion using the MAA, and that 

this adhesion was attenuated using the PAFR blocker CV3988 (p < 0.001), 

(Figure 13). 
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Figure 13. MAA of A549 cells to demonstrate the effects of iQOS non-

burnt tobacco substitute on bacterial adhesion via PAFR.  

In the graph there are 3 data sets: a control (unexposed) group; experiment 

group 1 (iQOS exposed); and experiment group 2 (iQOS exposure with 

CV3988 (PAFR antagonist). There was a significant difference in PAFR 

expression between experimental group 1 and both the control and 

experimental group 2. *** = p < 0.001. 

 

 

2.2.5. Strengths and weaknesses of this novel cellular method 

The main strengths of this technique lie in the fact that is a contemporaneous 

representation of bacterial adhesion to the cells or cell lines under 

investigation. This enables it to be carried out soon after cell sample 

collection, allowing confounders such as time delay and stressor-induced 

surface change in the cell membrane to be taken out of the equation. A second 

strength lies in the ability to visually quantify increases in cell adhesion via 

the ImageJ method. This allows for quick and transparent analysis of the 



78 
 

experiments. Its main limitation is that it relies heavily on a large number of 

cells being collected for it to be performed properly, as low cell numbers fail 

to yield accurate (or in some cases, any) results. A second limitation lies with 

the degree of inter-experiment variation, as some of the techniques rely on 

factors that are difficult to quantify accurately. A prime example of this 

related to the time spun in the vortex (5 seconds) which is performed by 

holding a button. This may lead to small, but possibly significant variations 

in time spun affecting the overall transfer of cells onto the slide. A second 

example is the possible change in atmospheric parameters (temperature and 

CO2) in the incubator when the door is opened by other users.  

 

2.3. Air pollution monitoring 

2.3.1. Particulate matter 

PM in the form of black carbon from outdoor incendiary sources was 

measured using a microAeth AE51 aethalometer (firmware 709, Aethlab, 

California, USA) (Figure 14).  

 

 

 

 

 

 

 
 

Figure 14. Aethalometer device for monitoring of ambient BC (PM) 

exposure. 
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This is a portable device that collects air via a specialised nozzle and micro-

air suction pump. Infrared light determines the amount of BC passing through 

a Teflon-coated glass fibre filter within the device at 30 second intervals. The 

amount of BC collected is presented as ng/m3 and represents the approximate 

degree of PM10 present in the atmosphere in the vicinity of the aethalometer. 

This provides us with the average PM10 (ng/m3) exposure for each participant.  

 

From this point forward the term “PM10” will be used to describe solid matter 

air pollution collected from roadside incendiary sources and for BC air 

pollution measurements taking via the aethalometer. This is to avoid 

confusion and highlight the fact the PM10 constituent will make up the 

majority of both air pollutants [113]. 

 

2.3.2. Nitrogen Dioxide  

Domicile NO2 levels were measured using a specialised nitrogen dioxide 

diffusion badge ((IVL Swedish Environmental Research Institute Ltd, P.O. 

Box 53021, SE-400 14 Gothenburg, Sweden) (Figure 15).  

 

 

 

 

 

 

 
 

Figure 15.  NO2 badge for measuring of NO2 gas exposure from indoor air 

pollution from incendiary sources. 

 

Using a specialised mesh, ambient air is collected via diffusion over a two-

week period, trapping NO2. The badges were posted to the Swedish 
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Environmental Institute (Sweden) for analysis. This was conducted via 

diffusion sampling of the nitrogen badge and given as an average reading 

(µg/m3) over the 2-week exposure period.  

 

2.3.3. Modelled Air Pollution Exposure 

Modelled daily air pollution exposure for both PM10 and NO2 levels for 

individual participant postcodes were generated using the London Air Quality 

Network modelling system (Imperial College London) [114]. This uses 

annual averages to create a 24-hour exposure model. These modelled results 

were then used to compare real life data against modelled data, and also to 

compare modelled data exposure against participant PAFR expression.  

 

2.4. Paediatric study ethical approval  

Ethical approval for this research study was granted by the NHS Research 

Ethics Committee (REC) at London Bloomsbury - REC study number 

17/LO/1752, IRAS number 227903 in September 2017. This was following 

review by the study sponsor, Queen Mary University of London and the 

Health Research Authority (HRA).  

 

A major amendment to the study protocol to include participants aged 1–17 

years with a clinical history of invasive pneumococcal disease was 

submitted and approved in July 2018. Following an intensive review of the 

literature, I decided not to investigate this additional participant group. 

Firstly, a previous study demonstrated that prior infection with S. 

pneumoniae confers a pervasive rise in PAFR expression in murine models 
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[115]. It was also shown in human studies that those with a previous 

diagnosis of IPD within the lung may have an undiagnosed 

immunodeficiency disorder [116, 117]. With that in mind, recruitment of 

children with previous IPD did not take place, as PAFR expression may not 

be constitutive, and they also may meet the threshold for the exclusion 

criteria.  

 

Non-substantial amendments were authorised by the HRA after review by 

the sponsor without the need for a formal process. All material relating to 

amendments are available to view in Appendix G and H. 

 

2.5.  Analysis and statistics 

2.5.1. PAFR expression for the in vitro TRAP study 

PAFR expression (MFI) data were represented as median with interquartile 

range (IQR) and analyses using either Mann-Whitney U test (for group-

versus-group analysis) or Kruskal-Wallis test (for all-in-one group analysis) 

with post hoc multiple comparison testing.  

 

2.5.2. CFU analysis for in vitro TRAP study 

CFU (count/ml) data were represented as mean with SEM and analysed using 

the unpaired T-test as it conforms to a Gaussian population.  
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2.5.3. Particulate matter and nitrogen dioxide data analysis 

BC data were downloaded into individual Excel spreadsheets via the Aletho 

software programme. Averages for BC exposure were calculated per 

participant as follows: 24-hour total (ng/m3); 1-hour average (ng/m3/min); 

and 24-hour average (ng/m3/min).  NO2 exposure results (g/m3) were 

presented as the daily average indoor NO2 exposure over a defined time 

period (generally two weeks) per participant. Data were represented as the 

median with the IQR. The air pollution data above were firstly analysed by 

Mann-Whitney U test to determine inter-group significance for each data 

type. Data were then analysed separately by Spearman’s correlation to 

determine if there was a statistically significant correlation between air 

pollution versus 1. type of cooker and 2. mode of transport to educational 

setting. Modelled air pollution data underwent analysis using the same 

parameters as described above focusing on total 24-hour and average annual 

exposure for both PM10 and NO2. 

 

2.5.4. PAFR expression for the in vivo paediatric study 

23 children per group gives a power of 80% to detect a difference of 0.8 

 standard deviations between groups. This gives an alpha of 0.05 to detect a 

significant difference between the groups and reject the null hypothesis.  

 

PAFR expression (MFI) data were represented as median with IQR and 

analysed using either Mann-Whitney U test (for group-versus-group analysis) 

or one-way Kruskal-Wallis test (for all-in-one group analysis) with post hoc 

multiple comparison testing. Air pollution data represented as the mean at 
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different time intervals (1-hour cumulative and 24-hours cumulative prior to 

nasal sampling) were analysed by Spearman’s correlation to determine if 

there was a statistically significant correlation between air pollution levels 

and PAFR expression; similar analysis was also used for PAFR expression 

verses 1. type of cooker and 2. mode of transport to educational setting. PAFR 

expression was also investigated in relation to modelled air pollution levels 

using the above parameters.  

 

Non-parametric testing was chosen for the majority of the data, as it is more 

conservative and also points to the fact that the data pertaining to PAFR 

expression and air pollution does not fit the standard Gaussian distribution. 
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Chapter 3. Traffic-related air 

pollution in London 
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3.1. Introduction  

Traffic-related air pollution (TRAP) has become one of the major public 

health concerns over recent years. TRAP in London not only has the potential 

to adversely affect lung growth and maturity in children, but can cause lasting 

damage that can impact health throughout adulthood [118, 119]. TRAP 

exposure at this level can dramatically increase the risk of infection in 

children, and sadly has even been directly linked to the death of one young 

girl in London [104, 120]. This chapter will review the results related to 

directly collected PM from TRAP and its effects on PAFR expression and 

infection in vitro.   

 

3.2. Hypothesis 

1. Roadside Anthropogenic PM collected from fossil-fuel combustion 

increases the expression of PAFR in airway epithelium.  

2. Anthropogenic PM collected from roadside incendiary sources is 

associated with increased bacterial adhesion, and subsequent invasion 

by S. pneumoniae.  
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3.3. Results 

3.3.1. Roadside particulate matter collection 

The roadside site for sampling was Marylebone Road, London, UK. 

Marylebone Road is one of the most polluted roadways in London, with diesel 

trucks dominating near-road PM10 exhaust emissions [92]. A total of 165mg 

of dry TRAP related PM10 was collected (Table 3).  

 

Site of collection Total dry weight (mg) 

Marylebone Road 165 

 

Table 3. Total dry roadside PM collected between June and August 2019.  

This total amount of dry PM took over 225 hours of stationary collection at 

the same area of Marylebone Road using the Cyclone apparatus.  

 

3.3.2. Roadside particulate matter 3D imaging 

Figure 16 demonstrates several different images of collected PM10 performed 

using 3D confocal microscopy. 
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Figure 16. 3D imaging of roadside PM10.  

A collage displaying 3D images (A-D) of roadside collected PM, performed 

using the LEXT OLS4100 laser scanning confocal microscope. The images 

demonstrate the varying sizes of PM captured during a single imaging 

session. Imaging performed and analysis provided by Professor Wertheim, 

Department of Environmental Science, Kingston University London.  

 

Image (A) above shows a series of 9 images stitched together to form a region 

with dimensions 360 x 360 x 30μm. Each of the 9 images was acquired using 

a x100 objective lens. Image (B) shows a close-up of two PM10 particles in 

the orange oval (4.8 x 4.4, maximum height 2.8; and 2.8 x 2.4, maximum 

height 1.3μm), surrounded by three large particle aggregates with maximum 

heights of 19.9, 4.4 and 7.6μm (left to right). Image (C) demonstrates a close-
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up of one of the constituent stitched images in panel (A) with two PM10 

particles with major and minor axes dimensions of 5.6 x 4.5 (max height 3.1) 

and 5.8 x 4.9 (max height 2.2) μm. One of the particles in particular appears 

to have a sharp protruding surface; the orange scale bar indicates linear 

distance of 32 μm. Image (D), obtained with a x100 objective lens, is a 

zoomed in close-up from another slide and shows another sharp-appearing 

particle with major and minor axes dimensions of 7.7 x 7.0 (max height 3.7) 

μm. For clarity, all images have a Z-axis factor of 2 which magnifies the 

relative Z-axis component visualisation. 

 

3.3.3. In-vitro PAFR expression on A549 cell line following 

roadside PM exposure 
 
 
Figure 17 demonstrates the relevant PAFR expression secondary to the 

London roadside PM10 exposure.  
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Figure 17.  PAFR expression on A549 cells following London roadside  

PM10 exposure.  

A549 cells exposed to Roadside PM at a concentration of 10µg/ml 

demonstrated a significant rise in PAFR expression when compared to the 

control cells exposed to DPBS. The results of 4 separate experiments 

performed in triplicate each time are shown. PAFR expression for the nasal 

cells of each participant was expressed as MFI adjusted for isotopic control. 

Data are expressed as median with IQR and analysed by Mann-Whitney U 

test.  * = p < 0.05 

 

 
There was a significant upregulation in the level of PAFR expression in the 

A549 cell line following exposure to PM10 at a concentration of 10µg/ml 

when compared to exposure to the DPBS control. 

 

3.3.4. Bacterial CFU following A549 roadside PM exposure 

Figure 18 shows the resulting CFU data of S. pneumoniae adhesion to A549 

cells following exposure to roadside PM10. 
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Figure 18 .  S. pneumoniae adhesion to A549 cells following roadside PM 

exposure. 

A549 cells exposed to roadside PM (10µg/ml) and then incubated with the 

invasive D39 strain of S. Pneumoniae demonstrated a significant increase in 

the proceeding CFU (count/ml) versus the unexposed controls. Each 

experiment was performed 4 times, in triplicate to increase the analytical 

power. Data are represented as the mean with SEM and analysed using 

unpaired t-test. *** = p < 0.001 

 

 

 

 

 

 

 
 



91 
 

3.4. Discussion  

3.4.1. Imaging of roadside PM10 

These results are the first time that air pollution derived from traffic-related 

vehicles has been visualised in a 3D perspective. This is perhaps due to the 

significant time investment required to collect sufficient particulate matter for 

sampling, given that nearly 230 hours in total were required to collect the 165 

mg of PM10 reported above.  

 

The 3D images in section 3.3.2 demonstrate varying PM molecules with 

jagged edges that are easily visible in each frame. This finding is in stark 

contrast to the spherical shaped PM reported from a recent study from Zeb et 

al. [83] in 2018. This may be related to the fact that this and previous studies 

have only ever viewed such particles from a 2D perspective. Importantly, our 

3D findings above mirror previous 3D imaging of PM from both ash from 

volcanic eruptions, and factory-derived diesel exhaust particulate (DEP) 

matter [94, 121]. These jagged edges are found to be ubiquitous across the 

sampled area and are not dependent on size, with particles ranging from 2µm 

to over 30µm in diameter. Interestingly PM10 has historically been measured 

along its widest diameter as it was considered a spherical object; this 3D 

imaging also now demonstrates variation in the diameter as both width and 

height (Z-axis) will now play a role in these measurements. DEP has 

previously been shown to have the ability to adhere to respiratory cells, as 

well as being internalised [105]. Our roadside PM also demonstrated similar 

adherence properties when incubated with A549 cells [121]. 
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The morphological factors described above may have further implications in 

relation to how PM particles enter the body via the respiratory tract. This is 

due to the nature of how PM moves down through the respiratory tract, which 

acts a continuous sieve, branching off into smaller and smaller air ducts as it 

progresses through the chest. This funnelling effect means that those PM 

particles with a smaller diameter, which could be from any axis, will move 

deeper into the lung tissue, reaching the alveolar sacs.  Previous studies have 

shown that this PM can indeed travel down to the alveolar membrane, where 

particles are sensed by alveolar macrophages (AMs) and internalised in an 

attempt to remove them from the airways [122]. Studies have demonstrated 

these particles have the ability to reach such end organs as the brain and heart 

despite these AMs safeguards and other ciliary and mucus barriers [99, 100].  

 

These 3D images have shed some additional light on this little-known area of 

PM-epithelial interaction, as these novel jagged edges are likely to be of 

significant importance. From a molecular perspective, these minute jagged 

edges have the propensity to act in several ways. Firstly, they may provide 

epitopes - signals for certain non-specific cell surface receptors - which can 

lead to binding and internalisation of the PM10, granting it access to the body. 

This concept may prove feasible based on studies from He and Park [123], 

who discussed the tendency of particles with sharp edges to be more readily 

adhered to and internalised by cancer cells. Though this study’s main focus 

was in relation to drug treatment interactions, the overall theory fits with the 

epitope narrative discussed.  A second, and perhaps more interesting, 

hypothesis with regards to these jagged edges focuses on intermolecular 
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forces.  Autumn et al. [124] discussed the role of Van Der Waals forces, and 

the adherence properties of the jagged edges of microscopic hairs on the feet 

of geckos. This was a concept we also explored in our study on the 3D 

imaging of diesel exhaust particles (DEP) [121]. The jagged edges present 

from TRAP, will in some cases mimic those seen in the foot follicles of 

geckos, opening another avenue of study for these particles. So, in theory, 

these PM10 related jagged edges have the capability to interact with epithelial 

cells at both the molecular and intermolecular levels, thus granting two 

plausible avenues of PM10 adherence.  

 

Regardless of the mechanism, it is likely that these new findings of non-

spherical molecules presenting with jagged edges will improve our 

understanding of how these particles are endocytosed by the respiratory 

epithelium and further distributed to distant tissues. This also opens up a new 

field – namely, how PM shape affects capacity to upregulate receptors of 

clinical interest.  

 

In the previous section I discussed the possible ways in which TRAP PM10 

may adhere to and enter respiratory cells. The next section focuses on the 

influence PM10 has on the PAFR expression of respiratory epithelium, a first 

point of contact for these TRAP particles.    

 

3.4.2. PAFR expression following roadside PM exposure 

Following incubation with the roadside derived PM10, PAFR expression of 

the A549 cell line was significantly raised compared to the unexposed control 
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(Figure 17, p < 0.05). Previous studies by our group have shown the effect 

that crude PM and CSE can have on the PAFR, with both causing an 

upregulation in expression [38, 108].  The main driving force behind the 

increase in PAFR expression following this cellular interaction is thought to 

be oxidative stress [39, 93, 125]. This concept fits well with our roadside 

PM10, as previous studies using crude PM have demonstrated that the black 

carbon can induce oxidative stress genes in vivo following interaction with 

respiratory epithelium [126].  Keely et al. [46] also highlighted the role that 

oxidative stress plays in PAFR upregulation, demonstrating that a hypoxia-

driven, HIF-dependent pathway led to an increase in expression. Previous 

studies have gone on to investigate whether an oxidative stress inhibitor, N-

acetylcysteine (NAC), had the ability to dampen down the oxidative stress 

response induced by welding fumes [72].  Our group demonstrated that NAC 

had the capacity to cause a dramatic reduction in PAFR expression, reducing 

it to levels comparable to unexposed controls [72]. Though the bulk of the 

evidence lies in this pathway, it is important to explore other possible avenues 

of interaction. One in particular is that once adhered, PM interacts directly 

with the cell membrane, where it can exert its effects on the different 

intracellular pathways that induce immune-related responses such as those 

related to PAFR activation. This concept is a viable alternative, as previous 

studies have also demonstrated a non-oxidative stress-related increase in pro-

inflammatory cytokines following crude PM exposure, specifically at the 

respiratory epithelium surface [127].  A similar study investigating the role 

of PM induced pro-inflammatory cytokines in monocytes, found that it 

caused an increase in calcium metabolism which could be arrested with a 
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calcium channel blocker [128]. These studies are thought provoking, as many 

studies in PM research rely heavily on the role of oxidative stress with regards 

to immunomodulatory effects, but other plausible mechanisms exist.  

 

Now that I have established that roadside PM can increase PAFR expression, 

comparable to other constituents of air pollution, does this increase in 

expression correlate to an increase in S. pneumoniae adherence? 

 

3.4.3. Roadside PM effect on S. pneumoniae adherence to 

A549 cells 
 
Roadside PM10 was shown to significantly increase the ability of S. 

pneumoniae to adhere to the A549 cell line following exposure and 

incubation with the collected roadside PM10 (Figure 18, p < 0.001). These 

findings fit with previous studies by our group demonstrating the ability of 

air pollution or chemicals linked with air pollution (CSE, welding fumes) to 

cause an increase in adherence the S. pneumoniae to respiratory cells [38, 70, 

72, 108]. This is, to our knowledge, the first time that this increase in bacterial 

load has been demonstrated to occur secondary to the effects of direct PM10 

exposure which has been collected directly from TRAP (section 2.1). These 

results add to the already large body of evidence that demonstrates the 

harmful effects of air pollution, in particular the impact of TRAP on human 

health. As far back as 1992, Braun-Fahrlander et al. [120] were able to 

demonstrate that an increase in air pollution preceded a regional increase in 

the number of upper respiratory tract infections in children in Switzerland. 

Barentt et al. [97] replicated these results in 2005, and again were able to 

demonstrate a positive association with the high levels of air pollution and an 
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increase in respiratory ailments in children in Australia and New Zealand. 

More recent research from MacIntyre et al. [129] which involved a UK cohort 

as part of a Europe-wide analysis, linked the rise in air pollution and exposure 

to an increased risk of developing pneumonia in children. This study also 

focused on the relation of TRAP with respect to childhood pneumonia, which 

again fits with our reported results [129]. As discussed earlier, our study 

demonstrates for the first time how direct TRAP-related PM10 may adversely 

affect the health of those exposed to it. This has the potential to have serious 

public health and environmental implications. The ULEZ as formerly stated, 

is already established in the London region, with similar schemes set up 

around other UK cities, such as the Clean Air Zone in Birmingham. These 

strategies have already been shown to have some limited effects on air quality 

in their regional zones, but with air pollution set to burden the NHS with costs 

upwards of  £18 billion by 2035, much more needs to be done to rein in this 

health and social care emergency [80, 130, 131].  

 

This study can add further evidence to enhancing these strategies, as previous 

research has only demonstrated results with non-specific PM or based on 

predictions from air pollution and disease modelling. By showing a plausible 

mechanism for a link between TRAP and an increased risk of pneumococcal 

infection, the findings in this chapter add weight to previous studies using 

non-TRAP-related PM to highlight its effect on bacterial adhesion and 

subsequent infection.  

 



97 
 

3.4.4. Limitations 

The main limitation in this study lies in the fact that a human cell line was 

utilised for experimentation, instead of in vivo testing. The latter would be 

difficult as this would require ethical approval for children to expose 

themselves to TRAP for extended periods of time, which as we have 

highlighted already, can cause significant damage to their lung and overall 

general health. It should be noted, though, that previous results from similar 

in vitro PM related studies have demonstrated transferable results from in vivo 

adult participants [73]. Another limitation is that it remains uncertain whether 

the adherence and internalisation of S. pneumoniae leads to a definitive 

increase of infection in human models. Though previous studies have 

highlighted this in vitro, mouse model studies have taken place focusing on 

PM10 collected via the cyclone device. Preliminary findings have shown that 

mice exposed to our PM10 from TRAP are at an increased risk of severe S. 

pneumoniae infection (unpublished data).  

 

3.4.5. Conclusion and future research  

This study has shown that free TRAP, collected by a Cyclone device, has the 

potential for acute consequences on human health, since it not only 

upregulates the level of PAFR expression but also increases the risk of 

infection by S. pneumoniae to PM10 exposed respiratory epithelium,   

 

Data in this chapter have demonstrated that the direct collection of TRAP-

related PM by Cyclone is feasible, albeit time-consuming. This opens the 

possibility of investigating other prominent sources of air pollution, such as 
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the London Underground, construction sites or indoor air pollution from large 

industrial kitchens. Further research on TRAP would also be recommended, 

focusing on areas of persistent congestion or areas with low airflow (such as 

the Blackwall tunnel in London). All of these options could further explore 

the relationship between air pollution and infection, which may have dramatic 

impacts on future public health reforms around air pollution in major cities. 

In vivo testing of participants exposed to the aforementioned areas would also 

increase our understanding of the acute interaction of air pollution and the 

human body. 
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Chapter 4. Nasal epithelial PAFR 

expression in children with asthma 

and sickle cell disease 
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4.1. Introduction 

As discussed in section 1.1.5, there are no studies investigating the level of 

PAFR expression in children. This is despite the fact that children are one of 

the most at-risk populations for invasive S. pneumoniae infection, and that 

pneumococci use PAFR to facilitate transcytosis and invasive infection (as 

reported in the literature, and the results of the in vitro study in Chapter 3) 

[34, 132]. My literature review has also highlighted how children from certain 

disease groups are known to be at an increased risk of IPD, and how this may 

be linked to constitutively raised PAFR expression [58]. These concepts will 

be addressed in chapter 4.   

 

4.2. Hypothesis 

1) PAFR expression is raised in a constitutive manner in children with 

an underlying inflammatory condition such as those with asthma or 

sickle cell disease. 

2) The risk of invasive S. pneumoniae infection (using adherence as a 

proxy marker) is increased in the experimental groups, and is, in 

part, secondary to an increase in constitutive PAFR expression. 
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4.3. Results 

4.3.1. Case report demographic data 

A total of 37 participants were enrolled and investigated up until the cessation 

of the study. Participants were predominantly boys (n=23, 62%). The mean 

(SD) age of each group was: healthy controls – 6 years old (2.5); atopic 

controls – 9 years old (3.6); asthma group – 7 years old (1.8); and the SCD 

group – 8 years old (2.9) (Table 4). 

 

Table 4. Demographics of study participants by group  

 

Every participant in the study was up to date with their vaccination status in 

respect of the UK childhood vaccine schedule, this included those that 

contained pneumococcal vaccines.  

 

Figure 19 below displays a graphical representation of the varying ethnic 

background of the participants, with the majority declaring themselves as 

white British. 

 

      

  
Healthy 
controls 

Atopic 
controls 

Asthma 
Sickle cell 

disease 

n 17 8 7 5 
Age (years)* 6 ± 2.5 9 ± 3.6 7 ± 1.8 8 ± 2.9 
Gender     

Male 10 6 3 4 
Female 7 2 4 1 

Childhood Vaccination status     

Vaccinated 17 8 7 5 
Unvaccinated 0 0 0 0 

*Age presented as mean ± standard deviation              
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Figure 19. A breakdown of the ethnic diversity of the study participants.   

This graph demonstrates the different ethnic backgrounds (x-axis) of the 

participant involved in the paediatric PAFR study (n=37). The total number 

of participants for each ethnic group is shown.  

 

Most families had an electric cooker (n=11; 30%), with one family having an 

oil-fuelled stove. The majority of children walked to school (n=24; 65%), 

with the remainder using either car (n=10; 27%) or bus (n=3; 8%) to make 

their journey. None of the children in this study used the London 

Underground as a mode of transportation to school. Only one participant 

family (2%) stated they were a smoking household. Table 5 highlights the 

distribution of cooking appliance type, mode of transport to and from school, 

and the smoking status in the home for each of the participants within their 

study group.  
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Healthy 
controls 

Atopic 
controls 

Asthma 
Sickle cell 

disease 

n 17 8 7 5 

Stove     

   Electric 11 (30%) 6 (16%) 4 (11%) 3 (8%) 

   Gas 5 (14%) 2 (5%) 3 (8%) 2 (5%) 

   Oil 1 (3%) 0 0 0 

Transport*     

   Foot 12 (31%) 4 (11%) 4 (11%) 4 (11%) 

   Car 4 (11%) 4 (11%) 1 (3%) 1 (3%) 

   Bus 1 (3%) 0 2 (5%) 0 
Household 
smoking 

    

No 16 (43%) 8 (21%) 7 (19%) 5 (14%) 

Yes 1 (3%) 0 0 0 
             

*Mode of transport to and from school 

Table 5. Breakdown of stove type, school transport, and household smoking 

status. 

 

 

A statistically significant difference in PAFR expression on nasal epithelial 

cells was noted for the intergroup analysis for SCD versus the asthma and 

control groups, p < 0.001, (Figure 20). 
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Figure 20. PAFR expression (MFI) for experimental versus control groups.  

This graph represents the PAFR expression in the nasal epithelial cells from 

children with SCD (n=5), children with asthma (n=8), atopic controls (n=8) 

and healthy controls (n=17).  PAFR expression from the nasal cells of each 

participant was expressed as median fluorescence intensity (MFI) adjusted 

for isotypic control. Data are expressed as median with IQR and analysed by 

Kruskal–Wallis with post hoc multiple comparison testing. *** = p < 0.001 

 

Analysis of PAFR expression individually between healthy controls and those 

with SCD demonstrated a statistically significant difference in PAFR 

expression between the two groups (Figure 21).  

 



105 
 

S
ic
kl
e 

ce
ll 
di
se

as
e

H
ea

lth
y 
co

nt
ro

ls

0

5000

10000

15000

20000

25000

P
A

F
R

 e
x
p
re

s
s
io

n
 (

M
F

I) ***

 
 

 

Figure 21. PAFR expression (MFI) in SCD experimental group versus  

healthy controls.  

PAFR expression in nasal epithelial cells from children with SCD (n=5) and 

from healthy controls (n=17) were analysed. PAFR expression for the nasal 

cells of each participant was expressed as MFI adjusted for isotypic control. 

Data are expressed as median with IQR and analysed by Mann-Whitney U 

test.  *** = p < 0.001 
 

 

4.3.2. Micro-adhesion assay results 

A total of 10 samples underwent MAA analysis until the in vivo experiments 

were abandoned due to the inability of the process to yield sufficient readable 

cell counts. Twenty cells that met minimum requirements for analysis were 

needed per participant; 7 of the samples demonstrated no countable number 

of healthy, morphologically typical cells. Three of the processed samples 

demonstrated acceptable cells, but none met the 20-cell threshold for analysis. 

Figure 22 below demonstrates the typical appearance of acceptable cells for 

the proposed MAA experiment.  
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Figure 22.  Nasal epithelial cells which have undergone MAA analysis. 

The figure above demonstrates the end stage of the MAA procedure. A total 

of 6 images are shown. This stage involves viewing cells under a video 

microscope to capture images that can then be analysed using ImageJ. Lens 

magnification was x100. A blue arrow indicates a morphologically acceptable 

cell. A red arrow indicates a damaged (unsuitable) cell. A black arrow 

indicates bacteria adhering to a cell at its membrane.  
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4.4. Discussion 

4.4.1. PAFR expression in children 

37 children had respiratory samples taken and analysed, with the majority 

being healthy controls without any known underlying diagnosis (n=17). Over 

1100 miles were travelled in total to collect the nasal epithelial samples and 

perform air pollution exposure analysis. The primary goal was to identify 

whether PAFR expression is elevated in those with underlying disease. The 

data showed that there was a trend for those with SCD to have a baseline 

increase in PAFR expression, with the trend reaching statistical significance 

with regard to the current number of participants (Figure 20 and Figure 21). 

This holds true when comparing the SCD cohort to both the control groups 

as well as the asthma group. Those with a diagnosis of asthma did not 

demonstrate a significant increase in PAFR expression relative to both the 

healthy and atopic control group (Figure 20).  

 

4.4.2. SCD and PAFR expression 

As highlighted in section 4.3.1, PAFR expression was shown to be raised in 

the SCD group. Though the sample size is limited it fits well with the 

hypothesis. SCD as mentioned previously is caused by a defect in the 

haemoglobin gene, leading to a chronic state of hypoxia within the bodily 

tissues. It is well established that this hypoxia can drive a stress response, 

which we have demonstrated can lead to an increase in PAFR expression [47, 

48]. Given that these tissues, including those of the respiratory system, are 

affected by this hypoxic environment in those with SCD, it reasonable to 

suggest that there is also an element of oxidative stress present. This oxidative 
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stress has previously been shown to cause an increase in PAFR expression, 

which could also be a cause for this observed PAFR increase in those with 

SCD [39, 72]. This provides a sound rationale for my finding of upregulated 

PAFR expression in this cohort, which also is compatible with the previously 

highlighted mouse model of SCD. Here, as we saw in section 1.1.5, Miller et 

al. [58] demonstrated a constitutive upregulation in PAFR expression along 

both epithelial and endothelial cell membranes. Rosch et al. [133] also 

observed this rise in PAFR expression across the different epithelia in 

transgenic SCD mice, as they explored methods to decrease the infectivity of 

S. pneumoniae via the PAFR-ChoP interface. Such findings may aid in the 

development of therapeutic interventions against severe infection in at-risk 

populations. 

 

4.4.3. PAFR expression in SCD versus asthma 

The SCD cohort were observed to have significantly greater levels of PAFR 

expression in comparison to those children with asthma (Figure 20). This 

unexpected result demonstrates the complexity of cell surface receptors, as 

one might have anticipated similar effects on PAFR expression in asthma, 

due to hypoxia and chronic inflammation [134, 135]. Though one explanation 

for this difference may be the fact the hypoxia in asthma is episodic and not 

a residual chronic hypoxia as in SCD, another explanation could relate to 

organ specificity of these diseases. SCD has the propensity to affect the whole 

body, leading to a universal level of oxidative stress, whereas asthma exerts 

its main effect in the lungs [134, 136, 137]. The difference in PAFR 

expression may also be related to the specific treatment regimens of the two 
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conditions. SCD treatment involves the use of blood transfusions to correct 

or prevent anaemia, or the use of the chemical hydroxyurea (also known as 

hydroxycarbamide) to increase the production of fetal haemoglobin to ensure 

adequate oxygenation [137, 138]. None of these treatments directly reduce 

the inflammatory and oxidative stress effects from chronic hypoxia, as they 

are used mainly to prevent a sickle crisis from occurring. For the treatment of 

asthma, the prophylactic or preventative management involves the use of 

inhaled corticosteroids to suppress the inflammatory drive that leads to acute 

exacerbations [139, 140]. These are all plausible explanations for the apparent 

differences in PAFR expression between the two experimental groups.  

 

4.4.4. PAFR expression in the control groups 

Overall, the majority of healthy controls demonstrated PAFR expression at 

either very low or undetectable levels. This is the first time that this has been 

assessed in children.  These findings mirror similar results reported by our 

group which demonstrated very low to absent expression of PAFR by 

bronchial epithelial cells in healthy, never-smoking adults [38]. The atopic 

group also demonstrated similarly low or absent levels of PAFR expression. 

The main role of this group was to control for the effect of atopy in respect of 

the children with asthma group. The rationale for this was that previous 

studies had demonstrated a probable link between PAFR activation and 

allergy. For example, Ishii et al. [13] showed that PAFR knockout mice had 

impaired anaphylactic responses when challenged against an activating 

allergen. Other studies demonstrated that PAF, acting via its endogenous 

receptor, PAFR, had the ability to induce histamine release from mast cells 
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(heavily involved in allergic disease) and cause symptoms of allergic rhinitis 

(AR) [141, 142]. In respect of AR, Misawa et al. [143, 144] were able to 

demonstrate a direct link between PAFR and AR in animal models, with 

further studies by the same group showing that the introduction of a PAFR 

antagonist could reduce AR symptoms within these same animal studies. 

There were 3 children with a diagnosis of AR within the atopic control group, 

with all 3 showing no increase in PAFR expression (Figure 20). Some of the 

reasons for this low level of expression may be related to that fact that AR 

can be seasonal or perennial: depending on the allergen, if the child was not 

exposed to their offending allergen(s) then their AR may not have been active 

during the study. A second factor may be related to the age of the participants: 

as many children will grow out of AR, perhaps we would only witness 

elevated levels of PAFR in adults with long term established AR. It was noted 

that one participant within the Atopy control group demonstrated a rise in 

PAFR expression. Further analysis did not reveal any obvious reason for this 

upregulation, but when revisited it was reported that they had later developed 

an upper respiratory tract infection. As this could induce an inflammatory 

response within the nasal epithelia, it would not be unreasonable to suggest 

that this underlying viral infection led to this increase in PAFR expression. 

This fact was highlighted in section 1.1.2.  

 

However, the PAFR results of both the healthy and atopic controls 

demonstrate that its expression at baseline is negligible, thus making the 

observation that PAFR is increased in SCD more likely to be due to SCD than 

another confounder.  But before concluding that children with SCD have a 
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constitutive rise in PAFR expression, the potential confounding effect of 

exposure to air pollution must be considered.  In Chapter 3, I showed that PM 

TRAP has the potential to increase PAFR expression - so do children with 

SCD have higher levels of TRAP exposure? It is certainly plausible that 

children with SCD may live in areas of more deprivation, and higher ambient 

air pollution in and around their homes.  This question will be explored in 

both Chapters 5 and 6.   

 

4.5. Limitations 

4.5.1. PAFR expression and S. pneumoniae adhesion in 

children 
 

The MAA was a novel method developed for this study, which after multiple 

adjustments was capable of replicating accurate results in regard to bacterial 

adhesion in a real time setting (section 2.2).  

 

In vitro results using a known PAFR stimulant in the form of iQOS collected 

vapour were replicable and utilised in other yet unpublished studies.  

Unfortunately, the MAA was unsuccessful in the paediatric study groups. A 

total of ten participant samples underwent MAA analysis before the 

experiment was abandoned. None of these experiments yielded results, as 

each sample did not meet the threshold for the required number of nasal 

epithelial cells to conduct an accurate review of bacterial adhesion. This is 

disappointing, as previous in vivo attempts I performed involving neonatal 

nasal epithelial cell samples on a separate study yielded some promising 

results (Figure 23).  
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Figure 23. Mean bacterial load (µm/m2) vs PAFR expression (MFI) for  

neonatal samples.  

I performed MAA on 3 neonatal samples as part of the Breathing Together 

Study (Rec no. 16/LO/1518). 3 samples were completed with 10 replicates 

per sample to reduce error. The results demonstrated in the graph above 

would appear to show that an increase in PAFR expression correlates to an 

increase in the mean bacterial load of S. Pneumoniae. Preliminary data 

suggest that an increase in PAFR expression correlates with an increase in 

bacterial adhesion.  

 

 

One of the possible explanations for MAA being unsuccessful could be the 

overall number of nasal epithelial cells collected during sampling. There was 

a notable difference in the number of cells retrieved via the dental brush when 

comparing the neonatal samples versus the older paediatric population, with 

a high number found in the neonatal samples. The difference in cell number 

between the groups likely lies in the fact that the older children are more likely 

to pull away or resist during sampling, whereas babies would be unable to do 

so, thereby providing a more substantial sample. There was no change in 

protocol over the course of the study, though day-to-day interpersonal error 

may also have been a factor in the preparation of the paediatric samples. 
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4.6. Conclusion and future research 

Though the numbers of participants was suboptimal due to early termination 

of the study, the data reported in this chapter show a pattern of increased 

PAFR expression in those with SCD compared to both the control groups and 

those with asthma. These findings also fit with animal models of experimental 

SCD. As I was unable to perform the MAA aspect of the study effectively, I 

cannot report that an increase in PAFR expression correlates to an increase in 

S. pneumoniae adhesion in vivo in children.  Future studies will need to ensure 

a larger cohort of experimental participants and may choose to optimise the 

collection technique to ensure a higher cell count is collected. This could be 

performed initially in teenagers who, in my experience, tolerate such 

sampling better than younger children. This could have a 2-stage approach: 

1. Determine constitutive PAFR expression only; and 2. Perform the MAA 

on a second, separate sample taken on the same day. This would determine 

whether PAFR is significantly raised in a larger cohort and, if found to be 

raised, its effect on IPD susceptibility could lead to further studies focusing 

on therapeutic interventions. Having demonstrated it is very likely that PAFR 

expression is raised in a constitutive fashion in those with SCD, this future 

research may one day aid in the development of new therapeutic interventions 

for this population.  
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Chapter 5.  Air pollution exposure 

in children in London 
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5.1. Introduction 

Air pollution is a public health emergency, and  has now been directly linked 

to the death of a child in London [104].  Air pollution is at such a critical level 

that local government have put in place increasing restrictions on combustible 

fuel vehicles entering the inner city [131].  Children living in London are at 

an increased risk from these high pollution levels. Not only are they at a 

greater risk of developing infections related to high levels of air pollution 

verses there non-urban peers, their overall lung development (−0.62% (95% 

CI −1.05 to −0.19) for forced expiratory volume in 1s as a percentage of 

forced vital capacity, −62 ml/s (95% CI −102 to −21) for forced expiratory 

flow between 25% and 75% of forced vital capacity and −85 ml/s (95% CI 

−135 to −35) for peak expiratory flow) is also at risk [145-147]. This can lead 

to long term detrimental effects on their health and wellbeing.  

 

In this chapter:  

1.) The levels of PM10 related air pollution that study participants were 

exposed to in a single 24-hour period will be reviewed, and   

2.) Modelled PM10 and NO2 exposure for each participant will be 

compared to the current WHO recommended daily pollution limits for 

both [76].   

 

5.2. Hypothesis 

I hypothesise that 

1. Air pollution exposure in children living in London is above the WHO 

recommended safety limit 
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5.3. Results  

5.3.1. Particulate Matter exposure for each study participant 

The WHO recommended safe level of daily air pollution exposure is 

currently fixed at 45µg/m3 [85]  A total of 9 of the 37 children (24%) were 

found to have breached the WHO recommended safety pollution exposure 

threshold following analysis of the collected black carbon (BC) data for the 

total 24-hour period (Figure 24).  
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Figure 24. Total 24-hour BC exposure for each participant in relation to the  

WHO recommended 24-hour PM exposure threshold.  

BC exposure (µg/m3) data were collected for a single 24-hour period using 

the aethalometer device. Exposure data were initially processed using 

GraphPad Prism v9 to produce total PM10 exposure over the 24-hour period 

(µg/m3). A blue line demonstrates the WHO-recommended total 24-hour 

PM10 exposure limit (set at 45 µg/m3) [85].  
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Modelled PM exposure data were created using the methods described in 

section 2.3.3. No participant reached the threshold for breaching the WHO 

safety limit for daily exposure (Figure 25). 
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Figure 25. Modelled total 24-hour PM10 exposure for each participant in  

relation to the WHO-recommended 24-hour PM exposure.  

A blue line demonstrates the WHO recommend 24-hour PM10 exposure 

safety limit (set at 45 µg/m3) [85]. PM10 exposure data was modelled using 

the London Air Quality Network [114].   

 

 

The mean 24-hour BC exposure was demonstrated to be significantly lower 

in the sickle cell experimental group versus all other groups, p < 0.01, (Figure 

26).  
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Figure 26. Mean 24-hour BC exposure for each participant for group-

versus-group analysis. 
   

BC exposure (ng/m3/min) data was collected for a single 24-hour period. A 

significant difference in the 24hr mean BC (ng/m3/min) was noticed between 

the SCD experimental group and all other sample groups. Exposure data was 

initially processed using GraphPad Prism v9 to produce a mean BC exposure 

per minute over the 24-hour period. Data are expressed as median with IQR 

and analysed by Kruskal–Wallis with post hoc multiple comparison testing. 

** = p < 0.01 
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There was no significant difference in BC exposure in the 24-hour period 

when comparing the different modes of transport to and from place of 

education for each participant (Figure 27).  
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Figure 27. Mean 24-hour BC (ng/m3/min) versus mode of transport to  

school for each participant. 

Pollution exposure data for those who travelled by foot (walk) (n=24), car 

(n=10) and bus (n=3) were compared. No significant difference in 24hr mean 

BC (ng/m3/min) was found between the different groups. Data are expressed 

as median with IQR and analysed by Kruskal–Wallis with post hoc multiple 

comparison testing. p = 0.62 
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There was no significant difference in the mean 24-hour BC exposure when 

comparing the different type of cooking appliances within the home (Figure 

28).  

 

 

Electric Gas Oil

0

1000

2000

3000

4000

2
4

h
 M

e
a

n
 B

C
 (

n
g

/m
3
/m

in
)

 
Figure 28. Mean 24-hour BC (ng/m3/min) exposure versus type of cooking 

appliance for each participant.  

Pollution exposure data for cooking appliances which included electric 

(n=25), gas (n=11) and oil (n=1) were compared. No significant difference in 

24hr mean BC (ng/m3/min) was found between the different groups. Data are 

expressed as median with IQR and analysed by Kruskal–Wallis with post 

hoc multiple comparison testing. p = 0.71 
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Figure 29. Graphical representation of BC exposure (ng/m3) over 24 hours for a single participant (holiday term).  

The spikes represent surges in air pollution exposure.  The large spike (highlighted by a red arrow) above represents travel by bus to an inner-

city destination.  
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Figure 30. Graphical representation of BC exposure (ng/m3) over 24 hours for single participant (school term).  

The spikes represent surges in air pollution exposure. The large spike (highlighted by a red arrow) above represents the child leaving school and 

walking home on a footpath adjacent to a main road in Lond
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5.3.2. Nitrogen dioxide exposure for the study participants.  

4 out of the 20 returned badges (20%) were amenable to processing. 1 of the 

4 badges recorded, was above the WHO threshold for safe NO2 exposure in 

a 24-hour period (25 µg/m3). Data were collected over a 2-week period, with 

the average 24-hour exposure over that time represented in Table 6 below.  

 

 

  
Healthy 
controls 

Atopic 
controls 

Asthma 
Sickle cell 

disease 

n 10 4 4 2      

NO2 (µg/m3) 37.3 12.2 0 0 
 0 0 3.4 0 
 0 0 0  
 0 0 0  
 0    
 0    
 0    
 0    

 0    

  0       
 

Table 6. Personal NO2 badge exposure over 2 weeks presented as a daily 

average (µg/m3) 

WHO threshold exposure for daily NO2 exposure is 25 µg/m3 [85].  
 

 

 

All participants (n=37) breached the WHO safe exposure threshold when 

measured against modelled NO2 exposure (described in section 2.3.3) for 

each participant postcode. (Figure 31)
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Figure 31. Modelled annual NO2 exposure for each participant of the study. 

The blue line represents the WHO recommended safety limit for average NO2 

exposure (10µg/m3) per annum [85]. Modelled annual average NO2 exposure 

(µg/m3) for each participant of both the control and experimental groups was 

performed using the London Air Quality Network [114]. 
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5.4. Discussion 

5.4.1. PM10 exposure in study participants 

During this study, the measure of BC was used as a surrogate for PM10 

exposure, as this was the main particle size that the aethalometer measures. 

Total PM10 exposure over the course of the 24 hours demonstrated that 24% 

of the participants were exposed to PM10 levels above those deemed as safe 

exposure by the WHO [85] (Figure 24).  When compared with the modelled 

PM10 exposure, none of the children were deemed to have experienced the 

same amount of unsafe exposure. One explanation for this finding is likely 

due to the day-to-day variation in PM10 produced by traffic in each area. As 

the study was performed during the working week, it is likely that the levels 

of TRAP emissions that the children encountered were at the higher end of 

the day-to-day average. This was noted by Lonati et al. [148], who found 

PM10 levels were 20% lower on Sundays versus weekdays in Milan; however, 

it must be noted that neither Lonati nor the current study recorded the 

meteorological status on the day of BC collection, which may also have 

influenced results. When reviewing indoor air pollution, factors such as 

ventilation (e.g., from extractor fans) may have played a key role in reducing 

pollution load. This is secondary to the air exchange rate and has the 

propensity to influence indoor air pollution and therefore the overall PM10 

exposure collected for each participant [149].  

 

One of the most important factors shown to influence an individual’s level of 

TRAP exposure is their proximity to areas of high traffic congestion. This 

was also noted in the current results, where all participants lived in central 
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London near high traffic density areas. Living near areas of high TRAP is 

also associated with increased health risks. Gauderman et al. [150] 

demonstrated that those living within 500m of a highway (motorway) had, by 

the age of 18 years, reduced overall lung function, shown as forced expiratory 

volume (FEV) 1: -81 mL [95% CI -143 to -18], p=0.01, versus those 1500m 

from the same roadway. This chronic exposure also has repercussions into 

adulthood, with one study linking  those living near areas of high TRAP 

exposure to an increased incidence of lung cancer [151]. Sinharay et al, [152] 

even demonstrated that just walking through an area of high TRAP (Oxford 

Street) reduced the benefits that cardiovascular exercise offered individuals 

and also decreased the residual lung function of those diagnosed with COPD.  

Outside of the respiratory tract, this proximity to high traffic congestion has 

also been shown to increase the risk of future neurogenerative disease in 

exposed children, in some cases by up to 14% [153].  

 

As the studies above demonstrate, there is a significant link between 

increased air pollution and long-term effects on human health. The fact that 

the current results demonstrate that children in London are experiencing 

unsafe levels of air pollution is cause for concern, and shows the importance 

of strong public health initiatives to diminish this risk. Though the 

introduction of the ULEZ has reduced PM exposure to the population of inner 

city London by 26%, this study demonstrates that unsafe levels of air 

pollution continue to exist [154].  
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Neither mode of transport to school or type of cooking appliance seemed to 

affect the PM exposure to statistical significance (Figures 27 and 28 

respectively). The time interval for air pollution collection (consecutive 24-

hour exposure) likely masks the impact of the mode of transport to and from 

school. This is due to daily fluctuations in pollution readings that may 

underscore the participant overall PM10 exposure for that day. Using Figure 

30 above, I can demonstrate spikes in BC (PM10) exposure related to travel 

to school for one of the participants. These data fit well with a previous study 

by Brugha et al. [155], which highlighted that for children living in the UK 

and Bangalore, peak air pollution exposure occurred during travel to and from 

school. No participant in the current study utilised the London Underground 

to travel to school, which has previously been linked with high levels of air 

pollution [156]. As well as collecting direct TRAP from roadside incendiary 

sources, we also collected PM emissions from selected London Underground 

stations. Our group were able to demonstrate that collected PM produced by 

the London Underground trains increases the risk of infection in respiratory 

epithelium [157]. This opens up further avenues of investigation into public 

transport, especially in relation to children who use it to commute to school. 

Further research and publications will bring attention to this and will have 

serious public health implications for public transport.   

 

In respect of the cooking appliance, this may reflect factors discussed earlier 

in this section, as the type of ventilation used in respect of PM10 exposure may 

have reduced the overall burden. The length of time cooking would also have 

played a role, as newer gas cookers are more efficient in respect of cooking, 
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meaning less time releasing emissions. Both elements would have brought 

emissions from gas cookers more in line with electric cookers. Oil-based 

cookers have an outdoor spout, meaning there should not be any emissions in 

the kitchen area, which was consistent with our aethalometer findings.  

5.4.2. NO2 exposure  

Unfortunately, the NO2
 indoor exposure portion of this study was 

unsuccessful. The main factor for this was damage to the collection badge, 

either during the exposure collection phase in the home or during transit back 

to the study base. As NO2 is a gas, its diffusive properties make it a difficult 

component to collect and measure, as highlighted by the study results. This 

factor was highlighted well by Jarvis et al. [158], who were able to 

demonstrate an association between nitric oxide and worsening lung function 

in adults, but due to discrepancies and difficulties in NO2 exposure collection, 

could not definitely link detrimental health effects to excess personal day-to-

day NO2 exposure.   

 

The modelled NO2 exposure data in Figure 31 did however demonstrate that 

all participants living in the London area were exposed to NO2-related air 

pollution that was above the annual WHO-recommended safety limit [85].  

As all the children in this study live in central London these data likely reflect 

increased levels of traffic-related NO2 emission being produced in areas of 

high traffic congestion  [159]. These findings have many implications with 

regards to child health and development, as well as future housing 

development projects in the vicinity of high traffic burden, for the reasons 

discussed in section 5.4.1. This proven unsafe level of NO2 exposure means 
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that children living in these areas are placed at an increased risk of adverse 

health outcomes and impaired chronic lung development [129, 160]. 

Measures such as the ULEZ or parking restrictions around schools aimed at 

reducing such exposures are in effect, but as the modelled data shows, have 

not completely reduced the NO2 burden [86, 114, 154].  

 

A study by Moslem et al. [161] demonstrated that these increases in air 

pollution exposure directly affected telomere length in children and had the 

potential to reduce the life expectancy of these children in a measurable 

fashion.   

 

5.4.3. Limitations 

One of the main limitations in this study was the interpersonal use and care 

of the air pollution collection implements. The aethalometers fared better and 

were more reliable for data collection, as the NO2 badges were easily 

damaged and therefore unusable in all but 4 participants before data collection 

was abandoned. The data collection pertaining to the children’s movements 

during the air pollution monitoring was also an issue in some cases, and it 

would perhaps be more pragmatic to perform shorter bouts of air pollution 

data collection and use a video recording device to correlate any spikes or 

dips in exposure data. This itself brings some ethical limitations which, 

though not impossible, would be difficult to overcome in the age of general 

data protection regulation (GDPR).  
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5.4.4. Conclusion and future research 

The fact that the collected PM10 data and the modelled NO2 data demonstrate 

that children in London are exposed to air pollution over suggested safety 

thresholds has important public health implications. Even though initiatives 

such as ULEZ and government schemes to increase the usage of electronic 

vehicles are in effect, much more needs to be done to reduce TRAP-related 

health risks, and the burden it continues to have on the healthcare system. 

Future research would be best aimed at investigating the effect of 

interventions intended to reduce childhood exposure, such as “no parking 

zones” in schools, and if school ventilation systems are effectively decreasing 

indoor air pollution. PM10 data via the aethalometer is well studied and 

reliable with regards to personal exposure, but focusing on NO2 collection at 

a participant level would be prudent. Using older children, such as teenagers 

would be more reliable in the proper handling of the nitrogen badges could 

be one approach but there is still no guarantee that this would yield intact NO2 

diffusers. Lastly, using longitudinal studies focusing on the effects of chronic 

exposure in a London population could also give further power to those who 

can evaluate and implement public health change within the city.  
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Chapter 6. Air pollution exposure 

and PAFR expression in children 
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6.1. Introduction 

This thesis has already explored how air pollution can have a damaging role 

on multiple aspects of human health, including increased risk of infection. 

Many studies have alluded to the fact that children living in areas of high air 

pollution are at a significantly increased risk of respiratory diseases [129]. 

Though the complete picture of why air pollution can cause such detrimental 

health effects has not been fully formulated, PAFR may be one of the 

pathways by which this increase in risk could occur. Our group has already 

demonstrated how PM from varying air pollutants increase the risk of 

infection via PAFR at the respiratory epithelial surface [38, 40, 108]. As 

demonstrated in Chapter 3, TRAP not only had the ability to increase PAFR 

in vitro but also increased the ability of S. pneumoniae to better adhere to the 

affected cells (Figures 17 and 18 respectively).  This chapter will explore the 

in vivo effects of air pollution exposure and PAFR, to determine if a real-

world association can be identified.  

 

6.2. Hypothesis 

1. Air pollution exposure is a contributory factor to both an increase in 

PAFR expression and S. pneumoniae infection in the disease and 

control groups.  
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6.3. Results 

6.3.1.  PAFR expression and personal BC exposure 

The participants in the experimental SCD group had a significantly reduced 

level of mean BC exposure during the 24-hour period prior to nasal epithelial 

sample collection versus the other groups, p < 0.01, (Figure 32).  
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Figure 32. Mean 24-hour BC exposure (ng/m3/min) for control and  

experimental groups. 

BC exposure (ng/m3/min) data were collected for the 24-hour period prior to 

nasal sampling. Exposure data were initially processed using GraphPad Prism 

v9 to produce a mean BC exposure per minute over the 24-hour period 

(ng/m3/min) prior to nasal epithelial sampling. Data are expressed as median 

with IQR and analysed by Kruskal–Wallis with post hoc multiple comparison 

testing. ** = p < 0.01 
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Again, there was a significant difference in the degree of the mean BC 

exposure between the SCD group and the other study groups for the 1-hour 

period prior to nasal epithelial sampling, p < 0.05, (Figure 33).  
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Figure 33. Mean BC exposure (ng/m3/min) for control and experimental  

groups for the 1-hour period prior to sampling.  

BC exposure (ng/m3/min) data were collected for the 24-hour period prior to 

nasal sampling. Exposure data were initially processed using GraphPad Prism 

v9 to produce a mean BC exposure per minute over the 1-hour period 

(ng/m3/min) prior to the nasal sample taking place. Data are expressed as 

median with IQR and analysed by Kruskal–Wallis with post hoc multiple 

comparison testing. * = p < 0.05 
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There was no significant correlation between the mean 24-hour BC exposure 

and degree of PAFR expression within the collected nasal cells (Figure 34).  
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Figure 34. Mean 24-hour BC exposure and PAFR expression.  

Correlation of mean BC (ng/m3/min) for the 24-hour period prior to nasal 

epithelial sampling versus PAFR expression (MFI) for each participant. No 

correlation is demonstrated for the above data. Data for both sets is expressed 

as a median, with analysis performed using Spearman’s correlation. p = 0.62 
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There was no observable correlation between collected mean 24-hour BC 

exposure pre-sampling and increased PAFR expression. (Figure 35). 
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Figure 35. Mean 24-hour BC exposure versus participants with increased  

PAFR expression only. 

Correlation of mean BC (ng/m3/min) for the 24-hour period prior to nasal 

epithelial sampling versus participant samples with raised PAFR expression 

(MFI). No correlation is demonstrated for the above data. Data is expressed 

as a median, with analysis performed using Spearman’s correlation. p = 0.07 

 

There was also no demonstrable correlation between the mean 1-hour pre-

sampling BC exposure and PAFR expression amongst the study participants 

with high levels of expression (Figure 36).  
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Figure 36. Mean 1-hour BC exposure pre-sampling and PAFR expression  

for increased PAFR samples.  

Correlation of mean BC (ng/m3/min) 1 hour prior to nasal epithelial sampling 

versus PAFR expression (MFI) for each participant with raised levels. No 

correlation is demonstrated for the above data. Data expressed as median, 

with analysis performed using Spearman’s correlation. p = 0.66 
 
 
 
 

6.3.2. PAFR expression and methods of air pollution exposure 

When comparing the different types of cooking appliances in participant 

households, there was no significant difference in the degree of PAFR 

expression recorded for each participant and the type of stove present in the 

home (Figure 37).  
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Figure 37. PAFR expression (MFI) versus the type of cooking appliance  

present in the home.  

PAFR expression was analysed against the different cooking appliances for 

the study participants; electric (n=26), gas (n=10) and oil (n=1). No 

significant difference in PAFR expression (MFI) is noted between the 

different groups. Data are expressed as median with IQR and analysed by 

Kruskal–Wallis with post hoc multiple comparison testing. p = 0.31 

 

 

There was no statistical difference in PAFR expression for each participant 

and the mode of transport they used to and from school (Figure 38).  
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Figure 38. PAFR expression (MFI) versus the different modes of transport 

to school for the study participants.  
 

PAFR expression was analysed against the different modes of transport to 

and from school for each participant: foot (walk, n=23), car (n=11) and by 

bus (n=3). No significant difference in PAFR expression (MFI) is noted 

between the different groups Data are expressed as median with IQR and 

analysed by Kruskal–Wallis with post hoc multiple comparison testing. p = 

0.56 
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6.4. Discussion 
 

In both the 24-hour and 1-hour periods prior to participant sampling, the SCD 

group recorded BC exposure levels that were significantly lower than either 

the control groups or the asthma experimental group. Earlier I demonstrated 

a trend for the SCD group to have higher PAFR expression when compared 

to all other groups (Figure 19), The fact that this group experienced less air 

pollution exposure than the other groups, highlights that air pollution is 

unlikely to be a confounder in the level of PAFR expression in the SCD 

group. It therefore reinforces the likelihood of the SCD group experiencing 

constitutively raised PAFR expression. It is known that excessive air 

pollution exposure can induce a momentary increase in PAFR expression in 

vivo (including unpublished data from our group, Figures 39 and 40). These 

air pollution data for the SCD group provide confidence that air pollution 

exposure was unlikely to have dramatically affected the in vivo results [73].  
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Figure 39. PAFR expression (MFI) from in vivo exposure to high 

concentrations of traffic-related air pollution. 

  

PAFR expression (MFI) was measured at baseline (low-level air pollution 

environment) and 2 hours following high air pollution exposure (HP) from 

traffic. The experiment was replicated on 3 different days as shown by the 3 

different lines. It demonstrates the rise in PAFR expression secondary to high 

levels of ambient TRAP. One participant who already had a baseline increase 

in PAFR expression (LM) was shown to have a further increase in expression 

brought on by exposure to high concentrations of air pollution. Data collected 

and analysed by Miyashita, L and myself (Foley G), 2019.  
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Figure 40. BC exposure (ng/m3) captured over a 2-hour period prior to  

participant sampling. 

BC was collected using the aethalometer device described in section 2.4.1, 

moving from an area of low pollution (LP) to area of high pollution (HP). 

Sampling occurred on 3 separate days and in conjunction with the nasal 

epithelial sample as reported in Figure 39. Data collected and analysed by 

Miyashita, L and myself (Foley G), 2019. 

 

 

When looking at the correlation of PAFR expression and BC exposure, 

neither the 24-hour nor the 1-hour mean exposure had any significant effect 

on PAFR expression. Even when focusing on those with increased PAFR 

expression (Figure 35 and Figure 36), there was still no evidence of a 

significant correlation between the entities for either pre-sampling exposure 

period. One of the explanations for the lack of association likely lies in the 

degree of exposure to air pollution. In Figure 40, HP exposure was noted to 

be near or above 15,000 ng/m3. None of the participants in this study were 

exposed to these levels in the hour prior to the sampling period. This would 
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lead to the hypothesis that a minimum threshold of exposure to toxic 

emissions from air pollution is needed to cause an upregulation of PAFR 

expression.  

 

Similar findings were noted for PAFR expression in relation to the type of 

stove in the home (Figure 37) and mode of transport to school (Figure 38), 

with no significant effect demonstrated. This thesis has discussed previously 

some of the influential factors regarding stove type and indoor air pollution 

exposure, with ventilation likely to play a key role. A previous in vitro study 

investigating the role of indoor air pollution and PAFR expression 

demonstrated a significant increase in measurable PAFR expression from 

incendiary sources created from indoor cooking using different materials 

[70].  This study was conducted in Malawi, and noted that the majority of the 

homes in the study had both direct coal source cooking and poor ventilation, 

with no extraction hood [70].  This highlights the influence that having an 

efficient cooking appliance can have on indoor air pollution, with electric 

cookers using an electrical element and even the gas used in a gas cooker in 

the UK being more refined than cruder incendiary materials from lower 

income countries [162]. Mode of transport did not influence the overall mean 

BC exposure and so it is unsurprising that it also did not have any effect on 

PAFR expression. Again, factors involved with the results in relation to mode 

of transport will lie around the short duration of travel to school and the 

influence traffic calming around the school may have on TRAP emissions. 

Previous unpublished data by our group demonstrated that a short burst of 

high pollution exposure to pedestrians in a congested area such as Oxford 
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Street, had the propensity to increase PAFR expression in the participant 

(Figure 41)[163]. 

 

 

 

Figure 41. PAFR expression (MFI) plotted against mean BC (ng/m3)  

exposure following 60 minutes of high pollution exposure.   

Spearman correlation analysis was used to determine if a correlation existed 

between PAFR expression and BC exposure. There was a high degree of 

correlation between the level of air pollution exposure and subsequent 

PAFR expression (r = 0.7116, p < 0.001). Used with permission from 

Sylvester et al, 2017 [163]. 

 

 

The dataset in Figure 41 similarly suggests that a minimum exposure 

threshold exists to induce a rise in PAFR expression. It also highlights the 

importance of the timing of the nasal epithelial sampling when focusing on 

air pollution induced PAFR expression. This was the rationale behind the 1-

hour air pollution reading being recorded for our study participants, as 

sampling in the Oxford Street study was performed 60 minutes following 

exposure.  Another factor that may have resulted in the current study not 
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demonstrating a correlation between PAFR expression and air pollution was 

the length of time participants were out in low versus high pollution exposure 

areas. This was evident from the participant diaries, which showed that 

participants were usually home from their educational setting for several 

hours by the time sampling occurred. This may have allowed PAFR to return 

to its baseline expression. Data in Figure 39 shows that PAFR has a tendency 

to downregulate to baseline once air pollution levels drop, so this rationale is 

plausible. 

 

Table 7 summarises the results of PAFR expression analysis with regards to 

timing of sampling, type of cooking appliance and mode of transport to school 

(Table 7). 

 

 

  R p 

Measure     

PAFR - - 

24-hour average BC exposure pre sampling -0.25 0.62* 

Type of cooking appliance  - 0.31† 

Mode of transport to school - 0.56†  

* Spearman’s rank correlation † Kruskall-Wallis H Test     

   

Table 7. Summary of the effects of air pollution (BC) in respect of PAFR 

expression. 

 
The findings above demonstrate that neither type of cooking apparatus nor 

mode of transport to and from school had any significant effect on the level 

of air pollution exposure recorded by the participants. The preceding 24-hour 

period of air pollution exposure also had no impact on the degree of PAFR 

expression demonstrated in the participants. 
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6.5. Limitations 

The main limitations with regards to data reported in this chapter are the 

relatively small number of participants, and the timing of nasal epithelial 

samples. The number of participants in the study was lower than planned due 

to public health measures that were implemented during the coronavirus 

pandemic. The timings of the samples were also difficult to organise, as many 

families were on rigid schedules that meant the main visit options were 

attending their home after school clubs, or in the evening during school 

holidays. As with the air pollution chapter, a longer period of BC collection 

would be preferable, but devices are large enough for children to grow wary 

of them, and it also increases the risk that they may forget or accidentally lose 

the device. The MAA would have proven useful here also, as it would have 

given a better representation of the interaction between S. pneumoniae and 

the airway cells in respect of air pollution. Although, given the lack of 

response that air pollution had on PAFR expression within this study cohort, 

this additional study element may not have generated further insights. 

 

6.6. Conclusion and future research 

The main findings of this chapter relate to the removal of air pollution as a 

confounder for the demonstrated increase in PAFR expression for the SCD 

experimental group. This result increases the likelihood of raised constitutive 

expression in this group, but more data are needed – specifically, an increased 

number of participants. Future research could focus on obtaining samples 

from participants within healthcare setting (as a low pollution zone) and also 

performing analysis on PAFR expression following a period of exposure to 
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increased levels of air pollution. The ethical application for this study could 

prove difficult, as it would potentially be putting the health of children at risk 

due to the air pollution exposure.  Nonetheless, the potential data recorded by 

participants in such a study could help to formulate improved public health 

measures focusing on childhood health and disease as drivers for change.  
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surface receptors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



149 
 

Abstract  

Introduction 

The mechanism by which SARS-CoV-2 enters host cells is via the ACE-2 

receptor. Previous studies have reported an association between exposure to 

air pollution and vulnerability to COVID-19 infection. In mice, ACE-2 

expression is increased in pulmonary epithelial cells following instillation of 

particulate matter. It has been suggested that nasal epithelial cells may be the 

primary access point for SARS-CoV-2. Here, we sought to determine whether 

ACE-2 expression is increased in A549 cells as well as human primary nasal 

epithelial cells secondary to PM10 collected from roadside incendiary sources. 

 

Methods 

Roadside PM10 was collected from Marylebone Road (London, UK) using a 

Cyclone device. An A549 cell line was initially cultured at increasing 

concentrations of PM10 (1, 2.5, 5, 10 and 20 µg/ml), and ACE-2 expression 

(MFI) assessed by flow cytometry with results analysed using Kruskal–

Wallis test. Human primary nasal epithelial cells biopsied from a human 

donor and A549 cells were then cultured with PM10 (10µg/ml) for 2 hours. 

ACE-2 expression (MFI) was assessed by flow cytometry and results were 

compared by Mann-Whitney. Unexposed control groups in both experiments 

exchanged the PM10 solution for DPBS. 

 

Results 

PM10 exposure at 10µg/ml and 20µg/ml caused a statistically significant rise 

in ACE-2 expression in the A549 cells (p < 0.05 and p < 0.01 respectively) 

versus the unexposed A549 control. PM10 exposure at 10µg/ml also caused a 

significant rise in ACE-2 expression in the human nasal epithelial cells versus 

the unexposed control group (p < 0.05) and in line with the A549 cell line.  

 

Conclusion 

This study provides mechanistic evidence that traffic-derived air pollution 

increases ACE-2 expression in human airway cells. We conclude that there is 
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biological plausibility for epidemiological studies reporting an association 

between PM10 and COVID-19 disease. 
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7.1. Introduction 

7.1.1. The COVID-19 pandemic 

In December 2019, a novel virus, Severe Acute Respiratory Syndrome 

Coronavirus-2 (SARS-CoV-2), the pathogen that causes COVID-19, 

emerged in Wuhan, Hubei province, China. It rapidly spread worldwide and 

was declared a pandemic by the WHO on February 11th, 2020. The majority 

of those infected with SARS-CoV-2 are asymptomatic, but for those with 

symptoms present, fever (85%), cough (65%) and shortness of breath (21%) 

were the main symptoms reported [164].  As of May 1st 2022, the virus has 

caused over 527 million confirmed infections and nearly 6.5 million deaths 

worldwide [165]. The main cause of death in patients with COVID-19 is 

respiratory failure secondary to acute respiratory distress syndrome (ARDS), 

which can also lead to multisystem organ failure. This meant that the early 

mortality rate was in the region of 3-4%, mainly affecting those over the age 

of 65 or those with multiple co-morbidities such as obesity or hypertension. 

[166, 167] . With the emergence of vaccines and new, less virulent variants, 

the mortality has been curtailed dramatically, with most countries now 

operating at near pre-pandemic levels [168].  

 

SARS-CoV-2 uses the respiratory system as its main conduit for infection. It 

engages with the respiratory epithelium by binding to the membrane-bound 

angiotensin-converting enzyme-2 (ACE-2) receptor, resulting in 

internalisation by the host cells [169, 170] (Figure 42). 
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Figure 42. The life cycle of the SARS-CoV-2 virus, with ACE-2 receptor  

interaction. 

The SARS-CoV-2 virus enters the airways and binds to the ACE-2 receptor 

using its spike protein. Both are then internalised, with SARS-CoV-2 

shedding its outer capsid and releasing its RNA. This RNA is then processed 

by the intracellular machinery to create new viruses. This event leads to the 

death of the factory cells, with the newly created viruses released into both 

the airways and the intravascular network. Created using BioRender ™ 

 

 

This internalisation point leads to the downward cascade of infection and 

inflammation, resulting in the disease termed COVID-19.  The ACE-2 

receptor is a transmembrane aminopeptidase receptor whose main function in 

the human body is blood pressure homeostasis, via its actions in the renin-

angiotensin-aldosterone system (RAAS) [171].  It is expressed in numerous 

tissues throughout the body outside of the respiratory system, including those 

of the cardiovascular, renal, and gastrointestinal systems. ACE-2 was 

identified to play a pivotal role in infection caused by SARS-CoV, the virus 

responsible for the 2002 SARS outbreak [172]. Given the broad similarities 
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in amino acid structure and ancestry between both viruses, the fact they would 

utilise a similar mechanism to adhere to and enter cells for replication is not 

surprising [173].  

 

In vitro studies have demonstrated that inhibition or blocking of the ACE-2 

receptor results in a decreased viral load and risk of infection from SARS-

CoV-2 [174]. This was also demonstrated in pulmonary samples from 

patients with severe infection secondary to SARS-CoV-2, which showed 

elevated ACE-2 expression compared with those unaffected by COVID-19 

[175]. An early pandemic study showed that smoking may be a risk factor for 

COVID-19, since ACE-2 expression is increased in the airway of smokers 

[176]. This fits with other infection models linked to smoking, where it 

caused an upregulation in PAFR expression, which in turn increases the risk 

of bacterial infection [38]. Another emerging infectious risk currently being 

investigated is air pollution, with a recent study demonstrating that 

populations in areas of measurably high air pollution were more susceptible 

to SARS-CoV-2 infection and also more likely to suffer from severe disease 

[177]. 

 

Anthropogenic air pollution consists of two main elements: PM and gases 

(ozone, NO2, carbon monoxide (CO)), and is responsible for nearly 8 million 

deaths worldwide each year [76].  In the UK, TRAP is currently the main 

contributor to ambient air pollution [146]. This TRAP-related PM is known 

to have many direct deleterious effects on human health, with links to 

cardiovascular and neurodegenerative disease [99] [178]. PM has been shown 
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to increase the risk of bacterial respiratory infection, such as S. pneumoniae 

and H. influenzae [108, 179]. More importantly, PM related air pollution 

exposure has also been shown to increase the degree of viral infection from 

pathogens such as Respiratory Syncytial Virus (RSV) as well as the Influenza 

virus, specifically that of H3N2 [180, 181].  At present, little is known of its 

direct effects in increasing the susceptibility to SARS-CoV-2 infection.  

 

One of the first areas in Europe to suffer from the COVID-19 pandemic was 

Northern Italy, with regions such as Lombardy reporting early and rapid 

increases in cases.  According to the European air quality index (AQI), 

Lombardy is one of the most polluted areas in Italy, and overall in Europe 

[182]. Epidemiological data surrounding the initial COVID-19 infection 

outbreak in Italy showed that Lombardy had 112.9 deaths per 100,000 - 

almost six times higher than the rest of Italy [183].  Thangavel et al, [184] 

explored the role of PM2.5, COVID-19, and Lombardy as part of wider review 

into the health effects of air pollution. The review demonstrated a dramatic 

link between PM exposure, COVID-19 infection, and mortality not just in 

Northen Italy but also in North America, adding further weight to the link 

between air pollution and SARS-CoV-2 infection [184]. Though multiple 

factors are likely to have contributed to this high mortality rate, the markedly 

higher levels of air pollution recorded in these studies have raised concerns 

that should be investigated. Since air pollution is associated with an increased 

risk of other respiratory infections, this study sought to determine whether the 

receptor by which the SARS-CoV-2 virus invades airway epithelium, the 

ACE-2 receptor, is directly affected by roadside PM. 
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7.1.2. Hypothesis 

1. TRAP-related PM exposure increases ACE-2 receptor expression in 

airway epithelium.  

 

7.1.3. Objectives 

1. To measure the expression of ACE-2 in respiratory cells following 

exposure to TRAP-related PM. 

 

7.2. Methods 

7.2.1. TRAP-related PM10 collection 

Samples of air pollution-derived PM10 were collected as dry respirable 

particles on a major London road (Marylebone Road) using a high-volume 

Cyclone [109]. This is the same process as documented in section 2.1.  

 

7.2.2. Airway cell preparation  

The human alveolar type II epithelial cell line (A549) was maintained in 

DMEM supplemented with FBS and penicillin-streptomycin (Lonza, Basel, 

Switzerland). Passage number was less than 20. Human primary nasal 

epithelial cells (HPNEpC) were obtained from a non-smoking, non-vaping, 

healthy adult donor using a dental brush (as described in section 2.2.3), 

maintained in Airway Epithelial Cell Growth Medium (AECGM), with 

supplement kit (PromoCell®, Heidelberg, Germany) plus Primocin 

(InvivoGen, San Diego, USA), and stored at passage 1 cryogenically in 

freezing media (AECGM: 10% FBS, 10% DMSO). For investigation, a vial 
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of HPNEpC cells were thawed and aliquoted into multiple T25 cell culture 

flasks (VWR, UK). Cells were maintained in AECGM until confluent. 

Passage number was less than 2. 

 

7.2.3. ACE-2 expression  

An aliquot of PM10 was diluted in DPBS to a final concentration of 1mg/ml 

and stored as master stock at -20°C. On the day of investigation, master stock 

PM10 was thawed, thoroughly vortexed and suspended (1 - 20µg/ml) in flow 

cytometry tubes containing 1 x 105 A549 (in DPBS with 2% FBS) in vitro for 

2 hours at 37ºC. Unexposed controls were incubated with the same volume 

of DPBS 2% FBS without PM10. Cells were washed twice and stained with 

either anti-ACE-2 (Abcam, UK - ab189168) or isotype control primary 

antibodies (Abcam, ab171870), for 1 hour at room temperature. The epithelial 

cell marker E-cadherin (Abcam, Ab1416) was included in all reactions. Cells 

were then washed and stained with secondary antibodies conjugated with 

Alex Fluor 488 for ACE/isotype expression (Abcam, Ab150077) or APC for 

E-cadherin expression (Abcam, Ab130786), for 30 mins at room temperature 

in the dark. Cells were finally washed, and expression measured using the BD 

FACS canto II flow cytometer, using the same parameters as documented in 

section 2.1.12. Antibody information is summarised in Table 8 below.  

 

 

 

 

 

 

 



157 
 

 

Antibody  Target Host Clonality 

Anti – ACE-2 antibody ACE-2 receptor Rabbit Polyclonal 

Isotype antibody Non-specific binding Rabbit Monoclonal 

Anti- E - cadherin  E-cadherin receptor Mouse Monoclonal 

Alexa Flour 488 ACE-2 / Isotype IgG Goat Polyclonal 

APC E-cadherin antibody IgG Goat Polyclonal 

 

Table 8. Antibody types used to determine ACE-2 expression in cell lines.  

For adherent cells, A549 epithelial cells were seeded into 24-well cell culture 

plates (VWR) overnight. The following morning cells were washed and 

incubated with 10µg/ml DEP for 2 hours before being thoroughly washed, 

detached with Trypsin, HNEPC were exposed to the same conditions as the 

adherent A549 cells and each then suspended into separate flow cytometry 

tubes. ACE-2 expression was measured previously by flow cytometry.  

 

7.2.4. Statistical analysis  

Data are summarised as median with IQR and analysed by either Mann-

Whitney, or by one-way Kruskal-Wallis with post hoc multiple comparison 

testing. Data are from at least four experiments. Analyses were performed 

using Prism v9 (GraphPad Software Inc., La Jolla, CA, USA), and p < 0.05 

was considered statistically significant. 

 

 

 

 

 

 

 



158 
 

7.3. Results 

PM10 increased A549 alveolar epithelial ACE2 expression in a dose-

dependent manner and was significantly increased at 10µg/ml (p < 0.05) and 

20µg/ml (p < 0.01), compared to unexposed controls (Figure 43).  

 

 

 

Figure 43. ACE-2 (MFI) expression versus exposure to TRAP-related PM  

(µg/ml). 

ACE-2 expression was measured in A549 cells following exposure to TRAP-

related PM at concentrations of 1, 2.5, 5, 10 and 20 µg/ml. An unexposed 

controlled sample demonstrates the baseline ACE-2 expression. The results 

are the accumulation of 5 separate experiments.  Data are represented as 

median with IQR. Analysis was performed using Kruskal-Wallis test and post 

hoc multiple comparisons test.  * = p < 0.05, ** = p < 0.01 
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Using a single PM10 concentration of 10µg/mL, ACE-2 expression was 

demonstrated to be increased in A549 cells exposed to PM10 versus the 

control group; Figure 44 (A), with the results replicated in HPNEpC exposed 

to the same exposure concentration and timeframe, Figure 44 (B). 

 

 

     

Figure 44 (A) and (B). ACE-2 expression in A549 cells (A) and HPNEpC  

(B) following PM exposure.  

Each cell line was exposed to PM10 at 10ug/ml for 2 hours. ACE-2 

expression (MFI) was then measured for each sample. Data are collated from 

6 (A) and 4 (B) separate experiments. Data are represented as a median 

Analysis for each cell line was via the Mann-Whitney test.  * = p < 0.05, ** 

= p < 0.01 
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7.4. Discussion 

In this study, I have for the first time demonstrated that TRAP-related PM 

can significantly increase ACE-2 expression in airway epithelia. This was 

true for both the A549 cell lines and primary human nasal epithelial cells.  

 

When trying to define a mechanism of action for this response, the most 

obvious candidate would centre around the oxidative stress associated with 

PM10. Oxidative stress from air pollution has been demonstrated to cause an 

upregulation of other cell surface receptors involved in infection, such as 

PAFR, and may also be involved in ACE-2 upregulation [75]. Oxidative 

stress has been shown to play a role in role in the severity of COVID-19 and 

so it is reasonable to propose that this has effects on the ACE-2 receptor [185]. 

 

Though this reported increase in ACE-2 has not been previously investigated 

in human studies, these results fit well with data from animal model studies 

that focused on PM exposure and ACE-2 expression [186]. In the study by 

Lin et al. [186] air pollution in the form of PM2.5, was shown to cause a 1.3-

fold increase in ACE-2 expression in the airway of the exposed WT mice. 

Interestingly, in the same study it was noted that these WT mice made a 

complete recovery, whereas the ACE-2 -/- knockout mice had residual lung 

damage and incomplete recovery, suggesting a protective role in lung health 

for ACE-2 [186]. This may mean that those individuals living in areas of high 

air pollution increase ACE-2 expression to subvert its effects but may 

inadvertently increase the ability of SARS-CoV-2 to gain entry to the 

respiratory system and cause infection. This theory fits well with research by 
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Zhu et al. [187] which demonstrated that a 10ug/m3 increase in regional PM2.5 

exposure in the preceding 2 weeks, was associated with a 2.2% (95%CI 1.02 

to 3.4) increase in newly confirmed COVID-19 cases. Similar observations 

were noted in a North American study, which demonstrated that even a 

1ug/m3 increase in PM10 was associated with an increase in the infectivity of 

SARS-CoV-2, with an R0 increase of 0.25 (95% CI: 0.048-0.447) [188]. Both 

of these studies also favoured oxidative stress as being the main driving factor 

for this increase in ACE-2 expression [187, 188]. 

 

The data and studies above have also presented an interesting observation. 

With lockdowns or stay-at-home orders announced by most countries, there 

was a dramatic fall in public movement and interaction, but also a drop in the 

degree of anthropogenic PM air pollution generated, in some countries by up 

to 31% [189].  This brings into question whether this drop in air pollution also 

helped to mitigate the risk of infection, in co-ordination with the social 

isolation. This has not been investigated to date, likely due to the degree of 

confounders present such as social isolation, viral variants, co-morbidities of 

the population, and urban versus rural setting. With the pandemic entering a 

new phase, it should be possible to retrospectively investigate this hypothesis 

due to the volume of data held following new research and trials involving 

COVID-19.  

 

7.5. Limitations 

One of the biggest limitations of this study is the lack of direct viral studies. 

Due to the nature of the SARS-CoV-2 virus, it remains a biosafety level 3 
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pathogen, requiring specialised laboratory requirements as well as specialised 

training, which means we lacked the ability to perform such experiments. As 

highlighted earlier though, the fact that CSE-related PM has the ability to 

increase ACE-2 and also cause an increased risk of infection by SARS-CoV-

2 compared to non-smokers, adds weight to the theory that air pollution-

related PM would act in a similar manner [176] [190].  

 

Information around infectivity would be fundamental to fully appreciating the 

dramatic impact that air pollution may have on SARS-COV-2 infection. At 

present, we have collaborated with our colleagues in the virology department 

at QMUL and are currently performing a joint study to investigate the 

infectivity of SARS-COV-2 in respiratory epithelium following TRAP-

related PM exposure. Promising results are emerging, aligning an increased 

risk of infection from SARS-COV-2 with exposure to TRAP-related PM 

(unpublished data currently undergoing peer review).  

 

Another limitation is that we did not explore the mechanism of action behind 

this rise in ACE-2 expression caused by TRAP. Further experiments such as 

cellular assays exploring oxidative stress, the effect of NAC (an oxidative 

stress inhibitor) and ACE-2 expression would be useful in deciding whether 

this induction pathway was a viable model for upregulation of ACE-2. 

 

Lastly, in vivo studies of participants, focusing on ACE-2 receptor expression 

at baseline and post-PM exposure (via roadside exposure in a heavily polluted 
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area) would be greatly beneficial in demonstrating the real-world effects of 

our study.  

 

7.6. Conclusion and future research 

This study highlights the impact air pollution continues to have on respiratory 

illnesses, and how it may have played an initial role in fuelling the spread of 

COVID-19 at the start of the pandemic. Studies have highlighted how areas 

with increased air pollution levels suffered from an expedited spread of 

SARS-CoV-2, and we have demonstrated that an increase in ACE-2 receptor 

expression may have played a part in this.  

 

Future research focusing on the in vivo effects of anthropogenic PM on ACE-

2 and viral studies investigating whether this rise in ACE-2 translates into 

increased infectivity would be the next steps in assessing this public health 

problem.  
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8.1. PAFR in health and disease 

8.1.1. PAFR and TRAP 

This thesis investigated the role of PAFR in human disease, with a focus on 

children. The initial experiments focusing on the interaction between PAFR 

and TRAP-related PM demonstrated not only that TRAP has the ability to 

increase PAFR expression, but also how this increase in expression can lead 

to a possible increased risk of infection from S. pneumoniae through 

increased adhesion by the bacteria.  

 

These initial findings demonstrate the importance of public health measures 

aimed at TRAP reduction not only for children but for all population groups, 

especially those with underlying lung conditions such as COPD and Asthma, 

who already have an increased risk of IPD.  Interventions aimed at decreasing 

emission exposure are likely to have dramatic beneficial effects not only on 

lung health, but also on cardiovascular and brain health [100, 119]. PM has 

been predicted to have detrimental health effects from many observational 

and indirect PM-related studies but for the first time, I have shown this can 

be directly linked to TRAP.  

 

8.1.2. Future research opportunities  

Given the proven ability to collect dry powder PM en source, much can be 

learned from its interaction with biological systems. The Cyclone device as 

well as the preparation methods that follow now allow us to look at PM-

related air pollution from any anthropogenic as well as any non-



166 
 

anthropogenic source. With the constraints of ethics in regard to investigating 

how this PM might act with in vivo experiments, mouse models would lend 

themselves well to looking at the direct detrimental health effects caused by 

the collected PM.  In collaboration with Dr Rebecca Shears, at the University 

of Liverpool, we used PM from the London Underground system to perform 

this. The PM was collected from 2 separate underground stations and 

underwent the same 3D visualisation and in vitro experiments as described 

with TRAP in chapter 2. As an additional experiment Dr Shears investigated 

how the underground-related PM affected the lungs in a mouse model. The 

findings were striking. Not only did the underground-related PM cause an 

increase in PAFR, it also led to increased infectivity and overall mortality in 

the mice, when compared to unexposed controls [157]. This demonstrates not 

only how dangerous this underground-derived PM was, but also the viability 

of mouse studies, which could form the basis of future research investigating 

other types of PM including TRAP. Such studies could lend weight to public 

health arguments against air pollution such as TRAP, which at present are 

quite topical, with a proposed extension of the London ULEZ in 2023 to cover 

a greater area of city.  

 

8.1.3. PAFR in children with asthma and SCD 

Though the sample size of the SCD group was as a result of the COVID-19 

pandemic, I demonstrated that constitutive PAFR levels in children with SCD 

have an observable increase in expression when compared to children without 

SCD, including both controls and the secondary experimental asthma group. 

This baseline upregulation in PAFR may explain some of the increased risk 
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of IPD conferred by SCD. The importance of fully establishing data such as 

this, lies with its therapeutic possibilities. If elevated PAFR in SCD leads to 

more infections, is there a way to reduce the overall risk? A previous study 

by Rosch et al. [133] which focused on PAFR in mouse models, demonstrated 

how statins, a common drug used to modify cholesterol metabolism, can have 

a protective effect against IPD by directly downregulating PAFR expression 

in mouse models of the disease. This has not been investigated in humans at 

present, owing to the limited knowledge of PAFR expression in populations 

at increased risk of IPD. While such areas as statins warrant further 

investigation, this study begins to resolve some of the current deficits in our 

understanding of PAFR. Studying PAFR expression in a paediatric 

population could be the first step in this development. 

 

8.1.4. Future research opportunities  

It is obvious that a larger cohort is needed to fully investigate the levels of 

PAFR expression in the SCD population, with the study powered to include 

23 participants in total Post-COVID, I have been granted an extension of 

ethics approvals and funding to resolve this issue. A junior research fellow 

from our laboratory group, under guidance from me and a senior research 

fellow, will recruit and perform sampling on a further 15 SCD paediatric 

recruits (minimum). This number will help to fully satisfy the analytical 

power needed to truly reject the null hypothesis. A major finding within the 

study, is the viability of nasal sampling for investigating not only PAFR in 

humans, but possibly other cell surface receptors. As it is a relatively non-

invasive and well tolerated procedure, investigation across a broad age range 



168 
 

is now shown to be possible. Where this could be important is examining 

PAFR expression across different age ranges of those with SCD, or even in a 

longitudinal study examining how it evolves over time in individuals. With 

the possibility of therapeutic agents as discussed in section 8.1.3, these types 

of studies could be critical in how we manage the risk of serious infection 

associated with lifelong illnesses such as SCD.  

 

8.1.5. Air pollution and the children of London 

It is not surprising that closer inspection of the air quality in London revealed 

unsafe limits.  This data fits with previous work by our group and other groups 

across London. Focusing on the collected pollution data within the paediatric 

cohort above, I have demonstrated that children experience air pollution 

levels that exceed WHO safety standards on a daily basis. Considering the 

evidence from the literature of the long-term effects from chronic high-level 

exposure to air pollution, more needs to be done to protect this and future 

generations from recurrent harm.  

 

8.1.6. Future research opportunities  

When thinking about future research into this area, the focus would be well 

placed to look at a combination of air pollution (PM/NO2) levels, with 

collection of en source dry PM via the Cyclone device. Thinking exclusively 

about the children of London, performing this research in areas such as 

schools or recreation centres may help positively influence outdoor air quality 

control standards within such areas. This approach could also be easily 

applicable to indoor air quality in such settings. The study of indoor air quality 
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using this combined approach could lead to increased standards for air quality 

in our schools by implementing and monitoring minimum safe exposure 

levels. This could be achieved by using equipment that manages air pollution 

within our schools such as specialised filters in conjunction with adequate 

ventilation. These types of projects may help mitigate the well-described risks 

associated with high levels of air pollution exposure in childhood.  

 

8.2. The effects of air pollution on ACE-2 expression 

To the best of my knowledge, I have, for first time, generated pilot data for a 

direct link between TRAP and the upregulation of ACE-2 (which was 

extended by Prof Grigg’s research group). Given the data showing increased 

infectivity in the initial phase of COVID-19 pandemic within areas of high 

air pollution exposure, these results are plausible Obviously, other factors 

such as close proximity and a naïve immune response will also have played a 

significant role; nonetheless, demonstrating that air pollution can increase cell 

surface receptors used by the virus to infect cells is a major breakthrough.  

These findings may have far-reaching implications with regards to public 

health measures aimed at controlling further outbreaks of COVID-19 as new 

variants emerge. Another aspect may well be how we curtail current TRAP-

related emissions, especially in areas of heavy traffic congestion as means to 

prevent seasonal infections of COVID-19, which will likely now become a 

regular feature akin to flu.  
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8.2.1. Future research opportunities 

The most obvious stepwise approach to research in this area would be moving 

from isolated molecular studies to in vitro cellular studies looking at how air 

pollution affects viral interactions with living cells. Since the completion of 

this thesis, collaborative work between our group and the cellular virology 

group in QMUL have demonstrated a statistically significant link between air 

pollution exposure and increased SARS-CoV-2 infectivity in vitro [191]. 

Following an increase in ACE-2 expression in cells exposed to roadside 

collected air pollution, the Vero E6 cell line also demonstrated an increased 

uptake and replication number of SARS-CoV-2, highlighting a plausible link 

between air pollution and COVID-19 infection [191]. This groundbreaking 

research now opens the gates for more expansive studies, such as in vivo 

research focusing on nasal cell ACE-2 expression in populations living in 

high and low air pollution zones. This in vitro link between COVID-19 

infection and air pollution exposure could be a pivotal step in understanding 

how populations were affected by the COVID-19 pandemic in respect of their 

air quality.  

 

8.3. Conclusion  

Overall, these studies illustrate two major findings. Firstly, they suggest a 

critical role that PAFR plays in serious infection, in certain populations such 

as those with SCD. And secondly, they reveal the importance of how air 

pollution can upregulate certain cell surface receptors such as PAFR and 

ACE-2, having implications with respect to both bacterial and viral infections 

in humans. In part through these newly identified mechanisms, reducing 
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anthropogenic air pollution would have a major impact on human health and 

disease. With further pandemics likely to occur secondary to yet unknown 

viruses, studies such as this may help government planning around specific 

control measures to lessen and halt disease spread.   
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Appendix A – additional studies 

Additional studies undertaken during the research timeline.  

 

Investigation of PAFR expression in the newborn 

cohort – as part of the Breathing Together study.  

 

Background to study 

I was part of the QMUL group involved in the Breathing Together Study, 

created, and run by Imperial College London. Its main research purpose was 

to investigate asthma in children by looking at genetic, cellular, and 

environmental factors across a broad range of ages and demographics of 

children aged 0–17 years. As part of its neonatal tail, it has recruited over 

1000 babies across 5 locations: London, Southampton, Aberdeen, Isle of 

Wight, and Belfast.  

 

As a member of the QMUL research team, I was involved in the recruitment 

of neonatal participants born at The Royal London Hospital, and the analysis 

of PAFR expression in the collected samples. Once recruited, the families 

were visited by a research nurse who took nasal epithelial samples (as 

described in section 2.2.3 of the main thesis) and a blood sample for genetics 

from each newborn. The blood sample was transferred to Imperial College 

campus for storage and the nasal epithelial sample was transported to QMUL 

and split into samples for to undergo analysis for PAFR expression and 

preparation for cryogenic storage.  
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PAFR expression in the neonatal population 

 

Introduction 

Neonatal infection and immunity 

The neonatal or newborn period covers anytime from birth up until 28 days 

of age. Newborns have an immature immune system and rely heavily on 

passive immunity which they receive by the passage of maternal antibodies 

via the placenta. When reviewing mortality in children, the most at-risk group 

overall are those in the first of year of life, with newborns at a particularly 

high risk of death from infection [1].   

 

Neonatal sepsis is a global phenomenon, leading to substantial morbidity and 

mortality, and much effort has been put into investigating the mechanisms 

underlying it [2]. Studies have demonstrated that the newborn immune system 

is primed to respond to Gram negative organisms in the early days after birth  

[3, 4]. This involves the deployment of interleukin 6 and C-reactive protein 

at supraphysiological levels from hepatocytes whilst at the same time, 

lipopolysaccharide binding protein is released from innate immune cells [4]. 

These cytokines wane quickly after birth to prevent them from attacking and 

destroying the developing microbiome in the newborn gut. Other factors 

influencing the neonatal immune system is the lack of neutrophil activity as 

well as immaturity of the neutrophil recognition system [5].  This 

combination of a skewed immune response and poor neutrophil function 

leaves the neonate susceptible to early infection, particularly from Gram-

positive organisms.  

 

This includes the most common cause of neonatal sepsis, group B 

streptococcus (Streptococcus agalactiae) - a vaginal commensal organism 

which is present in around 30% of women as well S. pneumoniae [1, 6, 7]. S. 

pneumoniae is responsible for between 1% and 11% of neonatal infections 

worldwide and is associated with high morbidity as well as an increased rate 

of mortality if not treated in a timely manner [8]. In those born prematurely 

and requiring invasive ventilation (generally born between 23 and 29 weeks’ 
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gestation), other organisms such as P. aeruginosa and non-typable H. 

influenzae are also recognised as causes of serious infection.  

 

Interestingly, and akin to S. pneumoniae, both of those organisms display 

ChoP motifs on their cell membranes, giving them potential to bind PAFR 

should it be available to them [9, 10].  

 

Newborns and PAFR expression 

PAFR expression has been and continues to be extensivley investigated in  

adult mouse models but interestingly, but its expression level has never been 

explored in young pinkies or pups. The same can be said of human models, 

which is suprising given the possible links to infection as discussed above. 

There is no information pertaining to the expression of PAFR in the neonatal 

population. Though much effort has been put into establishing the organisms 

involved and the different pathways undertaken to cause infection, questions 

remain with regards to the mechanisms of invasion. Evidently, some bacterial 

infection in both the premature and term newborn must be associated with the 

known PAFR- bacterial ChoP interface.  

 

Investigating PAFR expression in the newborn period could therefore provide 

vital information on how such infections occur and help further our 

understanding of how we manage such infections at a critical stage of our 

development.  

 

Objectives 

- To measure PAFR expression in the nasal epithelial cell of newborns 

- To determine if PAFR expression in these cells is linked to an 

increased risk of infection from S. Pneumoniae 

 

Hypothesis 

- PAFR expression is raised in newborns in a constituitive manner 

- This raised PAFR expression is linked to an increased risk of 

infection from ChoP containing organisms.  
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Methods 

Ethical approval for recruitment and nasal sampling in the neonatal 

population was granted via the Breathing Together (BT) study - REC No 

16/LO/1518, IRAS ID No 199053. The study is being led by Imperial College 

London, with the principal investigator bring Professor Andy Bush.  

 

Inclusion criterion 

- Infants born via spontaneous vaginal delivery, after 37 weeks’ 

gestation to mothers who did not suffer from any pregnancy 

complications (e.g., pre-eclampsia, gestational diabetes etc). 

 

Exclusion criteria  

- Infants that required antibiotics for early onset sepsis 

- Infants requiring additional respiratory support 

- Infants requiring phototherapy for jaundice 

- Any inclusion criteria not met 

- Inability to give samples 

 

Nasal epithelial cells were collected from the of newborns between days 8 

and 11 of life. Following informed consent, nasal epithelial cells were 

collected from participants using a dental brush (Dento-care 620, 2.7mm 

interdental brush). A separate nasal brush was used to sample the lining of 

each nostril, and subsequently pooled into a 15ml falcon (VWR international, 

UK) tube containing 2.5ml of primary airway epithelial media with 

supplements (PromoCell, Heidelberg, Germany) and 5% penicillin-

streptomycin (Sigma Aldrich). The samples were then transported to the 

Blizard Institute laboratory at room temperature and analysed for PAFR 

expression within four hours of their collection.  

 

The collected nasal epithelial cells were prepared for flow cytometry 

following the same conditions as described in section 2.2 of the main body of 

text.  
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PAFR analysis was conducted as described in section 2 of the main body text. 

This included PAFR and Isotype MFI readings. Flow cytometry parameters 

were identical to those set-in section 2.2.4 of the main body of the text.  

 

MFI expression for PAFR in each sample was determined by the following 

formula: 

 

Experimental sample MFI – Isotype sample MFI = True Experimental MFI 

 

Bacterial preparation and MAA analysis was carried out as described in 

sections 2.3 of the main body of the text. 

 

Data were stored in Microsoft Excel and transferred to Prism Graphpad v9 

for analysis.  

 

Results 

A total of 41 neonatal nasal samples underwent analysis for PAFR 

expression. Neonatal PAFR expression was significantly raised when 

compared to never-smoking, healthy adults (n=17), p < 0.01, (Figure A). 

 

N
eo

na
te

s

A
du

lt 
co

nt
ro

ls

0

5000

10000

15000

20000

25000

P
A

F
R

 e
x
p

re
s
s
io

n
 (

M
F

I)

**

 



189 
 

Figure A). Neonatal PAFR expression (MFI) vs PAFR expression (MFI) 

from healthy adult controls.   

 

Nasal epithelial cells from neonates (n=41) and healthy, never smoking 

adults (n=17) underwent analysis for PAFR expression (MFI). Data for 

PAFR expression in healthy, non-smoking adult controls were taken with 

permission from Suri et al, 2016. [11]. Data are expressed as median with 

IQR. Analysis of the data was carried out using the Mann Whitney test.  ** 

p < 0.01 

 

PAFR expression was also demonstrated to be raised in this newborn group 

when compared to healthy children from the PAFR in health and disease 

control group. (n=17), p < 0.001, (Figure B).  
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Figure B). Neonatal PAFR expression (MFI) vs PAFR expression (MFI) 

from healthy paediatric controls.   
 

Nasal epithelial cells from neonates (n=41) and healthy children (n=17) 

underwent analysis for PAFR expression (MFI). Data for PAFR expression 

for healthy paediatric controls were taken from the main study, PAFR in 

health and disease. Data are expressed as median with IQR. Analysis of the 

data was carried out using the Mann Whitney test. *** = p < 0.001 
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3 samples underwent analysis with the MAA.  (Figure C). 
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Figure C). Mean bacterial load (µm/m2) vs PAFR expression (MFI) for 

neonatal samples. 
 

MAA analysis was carried out on 3 separate neonatal samples. The average 

bacterial load for each sample was then established following analysis of 

replicate experiments (n = 10) for each sample. Mean bacterial load is plotted 

in respect of the PAFR expression obtained from the corresponding sample. 

No data analysis was performed due to the low sample number.    

 

Discussion 

This is the first study to ever analyse PAFR expression in the neonatal 

population. Our findings of a significantly raised PAFR expression level in 

neonates when compared to either adults or older children are interesting and 

raise some important questions. What is the cause for this rise in PAFR? And 

what relevance does it have? 

  

One theory could be that the raised constitutive PAFR expression in the 

neonate may be indicative of an early biomarker of baseline inflammation in 

this age group [12]. One factor that may trigger this inflammation may 

revolve around a recent study that  demonstrate the ability of ambient PM to 

reach the placental tissues [13]. We have already demonstrated how this 

cellular interaction with PM can lead to a significant rise in PAFR expression 

and so it would not be unreasonable to consider it as a cause for an increased 
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expression in this instance. Considering that neonatal sepsis is not a new 

issue, and has been documented for hundreds of years, PM infiltration alone 

cannot fully explain the increased risk of infection that neonates have. 

Another possible avenue could relate to oxidative stress, which has also been 

shown to increase PAFR expression. In line with this it is possible that the 

relative hypoxic in utero environment. and any stresses in utero on oxygen 

supply could increase oxygen free radicals which will in turn cause an 

increase in PAFR expression [14-16]. Even with the limited number of 

participants that underwent MAA it is very interesting to see that the increase 

in PAFR levels, visually appeared to fit with an increase in S. Pneumoniae 

adhesion.  This also fits with previous in vitro studies performed by our group, 

further strengthening the hypothesis that this rise in PAFR expression may be 

linked to the increased risk of infection in the neonatal cohort [15, 17].  

 

Conclusion and further research 

This study adds some additional and important information with regards to 

neonatal infections. Following these participants up contemporaneously and 

resampling at a later age may give us a better indication of how PAFR 

expression evolves as we age and whether these changes are permanent. 

Another interesting avenue to explore would be the degree of air pollution, 

either modelled or directly collected for each participant - this would help to 

determine if this rise is constitutive or reactive to PM.  

 

This small study has opened the avenue to greater research opportunities, 

which could focus on PAFR expression and S. Pneumoniae interaction, as 

well as the environmental factors prior to birth that may play a role in its 

expression.  
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1. GLOSSARY of Terms and Abbreviations 
 
 
AE   Adverse Event    

AR   Adverse Reaction 

ASR   Annual Safety Report 

CA   Competent Authority 

CI   Chief Investigator 

CRF   Case Report Form 

CRO   Contract Research Organisation 

DMC   Data Monitoring Committee 

EC   European Commission 

GAfREC Governance Arrangements for NHS Research Ethics 

Committees 

ICF   Informed Consent Form 

JRMO   Joint Research Management Office 

NHS REC  National Health Service Research Ethics Committee 

NHS R&D  National Health Service Research & Development   

Participant  An individual who takes part in a clinical trial 

PI   Principal Investigator 

PIS   Participant Information Sheet  

QA   Quality Assurance 

QC   Quality Control 

PAF   Platelet activating factor 

PAFR   Platelet activating factor receptor 

RCT   Randomised Controlled Trial 

REC   Research Ethics Committee 

SCD   Sickle cell disease 

SAE   Serious Adverse Event 

SDV   Source Document Verification 

SOP   Standard Operating Procedure  

SSA   Site Specific Assessment 

TMG   Trial Management Group 

TSC   Trial Steering Committee 
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Care (2005), the World Medical Association Declaration of Helsinki (1996) 
and the current applicable regulatory requirements and any subsequent 
amendments of the appropriate regulations. 
 
Chief Investigator Name: Jonathan Grigg 

Chief Investigator Site: Queen Mary University of London 

Signature and Date: 

31/07/2019 

 

 
 

 
 

 
Principal Investigator Agreement (if different from Chief 
investigator) 
 
 
The clinical study as detailed within this research protocol (Version 1.9, 
dated 31/07/19), or any subsequent amendments will be conducted in 
accordance with the Research Governance Framework for Health & Social 
Care (2005), the World Medical Association Declaration of Helsinki (1996) 
and the current applicable regulatory requirements and any subsequent 
amendments of the appropriate regulations. 
 
Principal Investigator Name: Jonathan Grigg  

Principal Investigator Site: Queen Mary University of London 

Signature and Date:  31/07/2019 
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3.    SUMMARY/SYNOPSIS 
 

Short Title PAFR in Health and Disease  
 

Methodology 
 

Cross-sectional study 
 

Research Sites 
 

Children’s Clinical Research Facility, 
7th Floor, North Tower, 
Children’s Hospital, Barts Health NHS Trust 
Royal London Hospital, Whitechapel Road, 
Whitechapel, E1 1BB 
 
 

Objectives/Aims 
 

To examine levels of platelet activating factor 
receptor (PAFR) expression and 
Streptococcus pneumoniae adherence in 
nasal epithelial cells of children with sickle cell 
disease, asthma and those diagnosed with 
pneumonia, compared to unaffected, age-
matched controls 
To assess personal exposure to air pollution in 
children with sickle cell disease, asthma those 
diagnosed with pneumonia and healthy 
controls  

Number of 
Participants/Patients 

156 

Main Inclusion 
Criteria 
 

Informed consent obtained from parents or 
adult with parental responsibility and assent 
from child 
Group 1: children with school-age asthma 
aged 5-17 years 
Group 2: children with pre-school recurrent 
wheeze aged 1-5 years  
Group 3: children with sickle cell disease aged 
1-17 years 
Group 4: children with a radiological diagnosis 
of pneumonia aged 1-17 years 
Group 5: healthy controls aged 1-17 years 
without major medical problems (e.g. 
congenital heart disease, respiratory disease, 
kidney or liver disease, immunodeficiency)  
Group 6: Atopic controls aged 1-17 years who 
do not have asthma but have atopic symptoms 
(e.g. eczema, allergic rhinitis, etc) 
 
Participants will be included provided their 
current or recent research is not related to our 
study, and does not have any potential impact 
on our sampling or results 
 

Statistical 
Methodology and 
Analysis (if 
applicable) 

The study is powered to detect a difference of 
0.7SD in PAFR levels between the groups of 
children 
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Proposed Start Date 1 March 2018 
 

Proposed End Date 28 February 2021 

Study Duration 3 years  

 

 
4. INTRODUCTION  

 
Background  

Streptococcus pneumoniae is amongst the most virulent organisms 
that cause pneumonia, sepsis and meningitis in childhood, leading to 
significant morbidity and mortality worldwide.[1] Compared to healthy 
individuals, children with chronic underlying disease (e.g. central 
nervous system malformations, congenital heart disease, and chronic 
renal disease) are at a higher risk of developing pneumococcal 
infections [2, 3]. Furthermore, the severity, recurrence rate and 
mortality of invasive pneumococcal disease is higher in patients with 
chronic underlying disease, compared with the healthy population.  

 
Sickle cell disease (SCD) and asthma are two common chronic 
medical conditions of childhood that confer an increased risk of 
streptococcal infection. Sickle cell disease is a genetic condition 
characterised by chronic haemolysis and sickled cells, leading to 
chronic anaemia and vaso-occulsion, affecting multiple organ 
systems. Apart from its haematological manifestations, sickle cell 
disease also carries an increased susceptibility to infections. SCD 
patients have a 600-fold increased risk of fatal invasive pneumoccal 
disease (IPD) compared to the healthy population, despite similar 
rates of colonisation. [4, 5]. This is thought to be secondary to a 
combination of factors, including impaired splenic function, deficits in 
complement and alterations in levels of micronutrients. [6] To 
ameliorate this risk, children with SCD are routinely administered 
prophylactic antibiotics and regular pneumococcal vaccinations. 
 
Asthma is a common inflammatory disease of the airways of the lungs 
and is characterised by episodic reversible airway flow obstruction. 
Asthma is an independent risk factor for invasive pneumoccal 
disease; asthmatic patients carry more than double the risk for 
developing IPD compared to a healthy population. [7-9] This is 
attributed to a variety of factors, including chronic inflammation and 
structural changes of the trachea, bronchi and bronchioles, increased 
mucous viscosity and impaired mucociliary clearance.[10] 
Furthermore, inhaled corticosteroids, a common medical treatment for 
asthma has been shown to create favourable conditions for bacterial 
infection. [11]  

 
Streptococcus pneumoniae colonises the nasopharynx of up to 40% 
asymptomatic individuals.[5] Colonisation of the upper airway is a 
dynamic process. Bacterial must attach (adhere) to host surfaces, 
overcome immune components and compete with other commensal 
microbes. In order to cause invasive disease, the pathogen must also 
successfully translocate into human host cells. To achieve this, S. 



200 
 

pneumoniae binds to the platelet activating factor (PAF) receptor 
(PAFR) on human cells.[12] PAFR is a widely expressed, G-protein 
coupled receptor, whose natural ligand is the proinflammatory 
chemokine, platelet activating factor, PAF.[12, 13] The cell wall of S. 
pneumoniae prominently displays phosphorylcholine, which is used to 
bind to PAFR and thereby facilitates host cell uptake. [14] This 
process has been shown to be attenuated in genetic knock-out of 
PAFR or pharmacological blockade. [15, 16]  
 
PAFR has been shown to facilitate pneumococcal adhesion and 
translocation in humans and animal models.[12, 13] Furthermore, in 
periods of inflammation, PAFR expression is not only upregulated, but 
pneumococcus adhesion via PAFR is also greatly enhanced. [12, 17] 
Both asthma and sickle cell disease lead to chornic inflammatory 
processes in the body. In SCD, inflammation is caused by chronic 
hypoxia and infection, leading to reperfusion injury and subsequent 
release of cytokines. Asthma leads to chronic cytokine-mediated 
inflammation of the airways, leading to bronchial thickening and 
oedema. These chronic inflammatory proccessses likely increases the 
vulnerability of these patients to bacterial infections through different 
mechanisms.  
 
Another factor which may affect the expression of bacterial and viral 
adhesion/entry receptors on airway epithelial cells is exposure to 
particulate matter (PM) air pollution from vehicular emissions. Indeed, 
there is strong epidemiological evidence that exposure to air pollution 
modulates vulnerability to both bacterial infection and risk of 
developing wheeze in the preschool period. A large European study 
reported that exposure to locally generated PM pollution was 
associated with the development of pneumonia in the first years of 
life[18]. This is consistent with findings in the laboratory; exposure of 
airway epithelial cells to fossil fuel derived PM in vitro was found to 
increase both the expression of PAFR and PAFR-dependent 
adhesion of pneumococci.[19] 

 
 

         Pre-clinical data:  
We speculate whether individuals with asthma and sickle cell disease 
may have higher expression of PAFR, given its fundamental role in 
facilitating pneumococcal entry into host cells in inflammation. 
Interestingly, experimental sickle cell mice have been shown to 
express significantly more PAFR on endothelia and epithelial, 
rendering them susceptible to pneumococcus-mediated sepsis and 
death, which was ameliorated by pharmacological blockade or genetic 
deletion of PAFR [20].  
 
 
Rationale: 
To our knowledge, to date there have not been any studies looking 
PAFR expression in individuals with asthma and sickle cell disease. 
We hypothesize that patients with sickle cell disease and asthma 
have increased expression of PAFR compared to healthy individuals, 
leading to increased vulnerability to pneumococcal disease. The aim 
of this study is to measure PAFR expression and streptococcal 
adhesion in children with increased risk of streptococcal disease (i.e. 
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those with asthma and sickle cell disease), compared to their healthy 
peers. We will assess all participants’ exposure to particulate matter 
air pollution. This will allow us to control for air pollution exposure on 
PAFR expression and will also allow us to further delineate the 
relationship between air pollution exposure and PAFR expression in 
vivo.  
 
 

 
5. TRIAL OBJECTIVES 

- Primary Objectives: 
1) To determine levels of PAFR expression in nasal epithelia of 

children with asthma, sickle cell disease, those diagnosed with 
pneumonia, and compare these groups to healthy, age-matched 
peers.  

2) To assess Streptococcus pneumoniae adherence to nasal 
epithelia of children with asthma, sickle cell disease and those 
diagnosed with pneumonia and compare these groups to 
healthy, age-matched peers. 

3) To determine levels of PM air pollution exposure to in both 
healthy children and those with asthma, sickle cell disease and 
those diagnosed with pneumonia.  

 
- Secondary Objectives:  

1) To determine whether children with asthma and sickle cell 
disease are at higher risk    of invasive disease by streptococcus 
pneumoniae due to increased expression of PAFR. 

2) To determine if children with a confirmed diagnosis of 
pneumonia have an underlying higher risk of infection 
secondary to PAFR expression.  

3) To determine PM air pollution exposure in children with asthma, 
sickle cell disease, those diagnosed with pneumonia and 
healthy controls.   

4) To assess the relationship between PM air pollution exposure 
and PAFR expression and streptococcus adherence in both 
healthy children and those of the disease groups. 

 
- Endpoints 

1) Quantifying levels of PAFR expression in disease and healthy 
groups 

2) Assessing Streptococcus pneumoniae adhesion to nasal 
epithelial cells in disease and healthy groups  

3) Comparing personal air pollution exposure in children between 
asthma, sickle cell disease, those with confirmed pneumonia and 
healthy controls.  

 
6. METHODOLOGY  

 
Inclusion Criteria  
Informed consent obtained from parents or adult with parental responsibility 
and assent from child 
Group 1: children with school-age asthma aged 5-17 years 
Group 2: children with pre-school recurrent wheeze aged 1-5 years  
Group 3: children with sickle cell disease aged 1-17 years 
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Group 4: children with a radiological diagnosis of pneumonia aged 1-17 
years admitted to the Royal London Hospital Paediatric Ward. 
Group 5: healthy controls aged 1-17 years without major medical problems 
(e.g. congenital heart disease, respiratory disease, kidney or liver disease, 
immunodeficiency)  
Group 6: Atopic controls aged 1-17 years who do not have asthma but 
have atopic symptoms (e.g. eczema, allergic rhinitis, etc) 
 
Participants will be included provided their current or recent research is not 
related to our study, and does not have any potential impact on our 
sampling or results 
Exclusion Criteria   

• Individuals with major medical problems (e.g. congenital heart 
disease, respiratory disease, gastrointestinal, kidney or liver 
disease)  

• Receiving immunosuppressive drug therapy 

• Current active smoker 

• Any inclusion criteria not met  

• Inability to give samples  
  

Study Design / Plan – Study Visits  
Cross-sectional design of children with asthma, sickle cell disease and 
healthy controls. Children will be recruited from the inpatient or outpatient 
settings at the Royal London Hospital (e.g. inpatient wards, outpatient 
clinics, elective day case unit) into Groups 1, 2, 3 and 4.  
 
Healthy controls will be recruited from healthy siblings of outpatients or 
inpatients at the Royal London Hospital. Inpatients or outpatients without 
any significant chronic medical conditions, inflammatory or respiratory 
conditions will also be eligible to participate as healthy controls.  
 
Recruitment: We will aim to recruit 156 children: 
Group 1: 26 children with school-age asthma (age 5-17y) 
Group 2: 26 children with recurrent pre-school wheeze (age 1-5y) 
Group 3: 26 children with sickle cell disease (age 1-17y) 
Group 4: 26 children with a radiological diagnosis of pneumonia (age 1-
17y) 
Group 5: 26 healthy controls (age 1-17y) 
Group 6: 26 healthy controls with atopic symptoms (age 1-17y)  
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Study Scheme Diagram 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7. STUDY PROCEDURES   
 
Recruitment and Consent 

Participant 
Screening/Enrolment and 

Distribution of PIS 
 

Participant Written 
Informed Consent 

 

 

Collection of 
baseline data  

 

24-hour black carbon 
monitoring and 

participant completed 
activity diary 

 

Repeat 24-hour black 
carbon monitoring and 
participant completed 

activity diary 

Nasal epithelial 
cell collection 

 

2- week nitrogen 
dioxide monitoring  

 

End of study and 
feedback of findings to 

participants and parents  
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Potential participants will be identified and approached in the first instance 
by a member of their usual clinical care team. The research team will then 
review and ensure they meet the eligibility criteria, before approaching 
patients and their families. Consent will be gained by researchers, doctors 
or nurses, at the Royal London Hospital, who have had Good Clinical 
Practice Training and are listed on the Delegation Log. With informed 
consent, the medical records of all participants will be reviewed with 
regards to medical history, prior hospitalizations, medications, etc to ensure 
they are eligible to participate in the study. 
Patient information sheets will be given to potential participants and their 
parents/guardians.  

There are separate versions of information sheets and assent forms for 
younger children (up to 10y) and older children (11 y-15y). Finally there is an 
information sheet and consent forms for children who are able to consent 
(16y+). 

Informed consent and assent will be gained from participants and their 
parents/guardians. Additionally, posters will be placed in outpatient 
department and Day Care Unit to inform patients that this study is taking 
place.   

Data Collection and storage 
Data will be stored in paper and electronic formats. Participants’ data will 
be collected in Case Report Form which will be stored within the 
investigator’s site files and securely located in a locked cabinet within the 
Blizard Institute. Data stored on university computers will be de-identified. 
Only participants’ identification number will be recorded in the Case Report 
Form. The only document linking their personal details (name) to their 
participant ID is the consent form – one copy will be given to the patient, 
one copy to be stored in medical records and one copy to be kept within the 
investigator’s site file, securely stored within the Blizard institute. For Audit 
purposes, Sponsors/monitors may need to view this information. 

Schedule of Assessment 
Baseline data 
With informed consent, all participants or parents of participants will 
complete a baseline questionnaire to collect data about demographics (e.g. 
age, postcode, DOB), family history, medical history) and medications. We 
will also collect details about sources of indoor and outdoor air pollution 
exposure (e.g. cigarette smoke, cooking, travel routes). These details will be 
recorded in the Case Report Form.  

 
“Nasal epithelial cell collection:  
With informed consent, a sample of nasal epithelial cells will be obtained 
from the nostrils of all participants using a sterile, flexible plastic probe 
(Rhinoprobe, VWR, Lutterworth, UK) or using a dental brush (Dento-O-Care 
620, 2.7mm Interdental brush). The probe has a tiny scoop on the end and 
will be gently pressed against the inside lining of the nostril. The brush has 
small bristles which can collect cells when gently rotated against the inside 
lining of the nostril. The cells will be pooled in primary cell media 
(Promocell, Heidelberg, Germany) containing penicillin-streptomycin. This 
will take place in the hospital or during a home visit. “ 
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Air Pollution monitoring: 
A black carbon PM monitor will be carried by each participant for 1 x 24 
hour periods, along with a parent/child completed activity diary, which will 
identify routes and activities associated with high exposure.  
2-week cumulative nitrogen dioxide (NO2) exposure will be assessed using 
an NO2 badge. NO2 is a marker for fossil-fuel derived PM (outdoor) and 
natural gas e.g. cooking gas and heating (indoor). The NO2 badge will be 
placed inside the participant’s home to detect indoor gas cooking 
emissions (a PM- independent source). Monitors will be given to patients 
in the hospital or during home visits.  
 
Feedback of findings to parents and children 
At the end of the study, data collected will be made available to participants 
and their families. A summary sheet of the findings will be made available 
to participants following the close of the study. Data collected may be used 
to help develop Trust-wide guidelines on reducing air pollution exposure in 
children. 
 
Schedule of Assessment (in Diagrammatic Format)  

 
Assessment  Recruitment Phase Sampling Phase  

Participant screening and enrolment  X  

Dissemination of patient information leaflets X  

Informed consent   X  

Collection of baseline data   X 

Completion of participant activity diary  X 

Nasal cell sampling   X 

Nitrogen dioxide monitoring  X 

Black carbon monitoring   X 

 
End of Study Definition  
End of study will be when data collection is complete. It is not anticipated 
there will be premature termination of the study. Should any subject 
experience a serious adverse event associated with or attributable to any 
study procedure, the study status will then be reviewed. 
 
We expect each participant to be active in the study for a total of one 
month.  

 
Participants may withdraw from the study at any point; this is well-
documented in the patient information sheet and consent form. 
 
If new information becomes available on the procedures that are 
being studied (such as new techniques for taking samples), we will 
inform participant and their families. We will discuss whether they 
would like to continue in the study. If they are happy to continue, they 
will be asked to sign an updated consent form.  
 
On receiving new information, it may be considered in participants’ 
best interests to be withdrawn from the study. If this occurs, we will 
explain the reasons to participants and their families. If the study is 
stopped for any other reason, participants and their families will be told 
why. 
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8. STATISTICAL CONSIDERATIONS  

 
We will aim to recruit a total of 156 children: 26 children with recurrent pre-
school wheeze, 26 children with school age asthma, 26 children with sickle 
cell disease, 26 with a radiological diagnosis of pneumonia and 52 healthy 
controls, 26 of whom have atopic symptoms (but are not asthmatic). 
 
26 children per group will give power of 90% to detect a difference of 0.9 
standard deviations between groups.  
 
Mean PAFR expression levels and S. pneumoniae adhesion will be 
compared between disease groups and healthy controls; and the difference 
in means between groups will be analysed using Student’s T-test. 
 

 
9. ETHICS  

 
This study will be carried out in accordance with the ethical principles in the 
Research Governance Framework for Health and Social Care, Second 
Edition, 2005 and its subsequent amendments as applicable and applicable 
legal and regulatory requirements. 
 
Ethical review 
. All the techniques are ethically acceptable in children. 
Informed consent:  
Children will be recruited from the inpatient or outpatient settings at the Royal 
London Hospital (e.g. inpatient wards, outpatient clinics, elective day case 
unit) into Groups 1, 2, 3, 4 and 5. Healthy controls will be recruited from 
healthy siblings of outpatients or inpatients at the Royal London Hospital. 
Inpatients or outpatients without any significant chronic medical conditions, 
inflammatory or respiratory conditions will also be eligible to participate as 
healthy controls.  It is important to have healthy controls so that we know 
whether PAFR expression and streptococcal adhesion is different in a 
healthy population.  
Potential participants will be identified by researchers and approached in the 
first instance by a member of their usual clinical care team. The research 
team will then review and ensure they meet the eligibility, before approaching 
patients and their families. 
 
Nasal epithelium cell sampling  
Nasal epithelium cells will be sampled using a disposable plastic curette 

(Rhino-probe, VWR Lutterworth, UK) or a dental brush (Dento-O-Care 620, 
2.7mm Interdental brush) as described above. These are simple and non-

invasive techniques to sample cells in the lining of the nose. is the 
Rhinoprobe is routinely used clinically to detect respiratory syncytial virus in 
children and has been previously used in research settings. [21] Both 
devices cause minimal to no discomfort and provides consistent samples, 
yielding more cells than with other methods. They ca very occasionally cause 
a tiny amount of bleeding from the inner lining of the nose, however we do 
not anticipate this to occur. If it does, our researchers are fully qualified to 
treat the participant. 
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iv. Carbon monitoring 
Carbon monitoring via use of a small, lightweight portable meter is 
convenient and non-invasive. The NO2 badge will be placed in the child’s 
home for a two week period, in a convenient out of reach location 
chosen following discussion with the parent/ guardian. 
 
 
We have no conflicts of interest to declare.  

 

10. SAFETY CONSIDERATIONS: 

Risks 
1) Nasal epithelium cell sampling  
 Nasal epithelium cells will be sampled using a disposable plastic curette 
(Rhino-probe, VWR Lutterworth, UK) or dental brush (, as described above. 
These are both simple and non-invasive techniques to sample cells in the 
lining of the nose. The rhinoprobe is routinely used clinically to detect 
respiratory syncytial virus in children and has been previously used in 
research settings. [21]  Dentral brushes are routinely used in research setting 
involving nasal epithelial samples. Both devices cause minimal to no 
discomfort and provides consistent samples, yielding more cells than with 
other methods. Both the rhinoprobe and dental brush can very occasionally 
cause a tiny amount of bleeding from the inner lining of the nose, however 
we do not anticipate this to occur. If it does, our researchers are fully 
qualified to treat the participant.” 
 
 

2) Investigator safety 
Investigators will prevent personal exposure to airborne or blood-borne 
infectious organisms by appropriate use of masks, goggles, lab coats and 
gloves while obtaining and processing samples. Lone worker policies (NHS 
and QMUL) will be in place for investigators to carry out home visits. 

3) Carbon monitoring 
Carbon monitoring via use of a small, lightweight portable meter is 
convenient and non-invasive. The NO2 badge will be placed in the home 
out of reach of small children to avoid any choking  hazard. Location in 
the home will be discussed with parent. 

 

11. DATA HANDLING AND RECORD KEEPING:  

Confidentiality 
Ethical research projects should ensure that participants' personal data 
remain confidential. Our procedures for handling, processing, storage and 
destruction of data are compliant with the Data Protection Act 1998. 
Participants will be allocated a participant ID which will be used as a code 
to identify them on all study forms and samples. The only document that 
will link the participant’s personal details with the participant ID is the 
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consent form, which will have 3 copies – one to be given to the patient, one 
to be kept in their medical records, one to be kept in the investigator’s site 
files which will be locked in a cabinet within the Blizard institute, only 
accessed by research team. Data will be stored in paper and electronic 
formats. Data stored on university computers will be de-identified. For Audit 
purposes, Sponsors/monitors will need to view information. 

Record Retention and Archiving 

In line with Good Clinical Practice guidelines, at the end of the study, data 
will be securely archived for a minimum of 20 years. Arrangements for 
confidential destruction will then be made. 

 

12. LABORATORIES  
 
Blizard Institute, Queen Mary University of London 
 
Lab Procedures  
 
Initial storage of nasal epithelial cells:  
Nasal epithelial cells will be collected from both nostrils and pooled in pre-
warmed primary airway epithelial cell media (Promo-Cell) containing 
penicillin-streptomycin.  
 
Freezing of cells: 
Incubate cells with Gibco TrypLE Express at 37°C until cells have 
detached. Pre-warmed primary airway epithelial cell medium will be added 
to cells and the cell suspension will be centrifuged. The supernatant will be 
discarded and the cells will be re-suspended with 5mL of pre-warmed 
bronchial epithelial cell growth medium (BEGM). Cell density and viability 
will be determined using a hemacyometer and microscope following the 
addition of Trypan Blue solution. The cell suspension will again be 
centrifuged, following which freezing media will be added. The cells will 
then be transferred into cryovials and stored at -80°C, before being 
transferred into liquid nitrogen for long term storage. Once ready for culture 
and analysis, cells will be removed from the freezer.  
Measurement of PAFR: 
Cells will be washed and resuspended in DPBS containing 10% FBS 
before staining with Anti-PAFR primary antibody (Abcam, Cambridge, UK). 
E-cadherin (primary antibody, Abcam, Cambridge, UK) will be added to 
identify epithelial cells. Cells will then be washed and stained with 
secondary antibodies conjugated to Alexa Fluor 488 for PAFR expression 
(Abdcam, Cambridge, UK) and conjugated to APC for E-cadherin 
expression (Abcam, Cambridge, UK) for 30 minutes with shaking at RT. A 
PAFR isotypic control (rabbit IgG monoclonal EPR25A) will be included to 
adjust for nonspecific staining.   
 
Analysis will be carried out on the BD FACS Canto II machine using BD 
FACSDiva software (BD biosciences, Oxford, UK). PAFR expression 
correcting for non-specific staining will be expressed as median 
fluorescence intensity (MFI).  
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Adherence of Streptococcus pneumoniae: 
Cells will be filtered through a mesh and washed twice in primary cell media 
without penicillin-streptomycin. Cells will be resuspended in primary cell 
media and cytospun onto a glass microscope slide. The microscope slide 
will be air dried for and a hydrophobic liquid barrier placed around the cell 
population. Streptococcus pneumoniae strain D39 grown to OD 0.5 in BHI 
broth will be washed twice and resuspended in primary cell media to 
OD0.5. D39 will then be added to the cell population and slides placed in a 
petri dish, wrapped in cling film to avoid evaporation and incubated for 1-
2hr at 37C. Non-adherent bacteria will be gently be washed away and the 
cells stained using Hemastain (Hemacolor- Merck, Darmstadt, Germany). 
Cells will be analysed by microscopy to assess pneumococcal adherence 
to nasal epithelial cells. Mean bacterial load will be analysed using the 
ImageJ program. 
 
Data Preparation and Collection 
Samples will be labelled with the participant ID given to each participants – 
samples will be pseudo-anonymised. Date of collection and conditions at 
which the samples are sent and stored will be recorded to ensure their 
integrity. Samples will be collected from the Royal London Hospital, then 
sent to the Blizard institute for analysis within 4 hours. For procedures that 
do not have to be performed on the same day, the samples will be securely 
stored within the Blizard Institute. 
 
Disposal of Samples  
At the end of the research, samples will be disposed in accordance with the 
Human Tissue Authority's Code of Practice. In this case, it is normal 
practice to dispose of surplus tissue by incineration in accordance with 
current guidance 

 
13. PRODUCTS, DEVICES, TECHNIQUES AND TOOLS  

 
Devices 

1. Rhino-probe (Figure 13.1): Plastic, sterile disposable nasal curette. 
Dental-brush (Figure 13.2): plastic handle with attached wire 
containing small plastic bristles. Allows samples containing large 
number of intact cells to be obtained from the lining of the nose. 
These probes and brushes are used routinely in clinical and 
research settings.  

 Figure 13.1                       

Figure 13.2                  
               

2. Portable aethalometer: an instrument that uses optical analysis to 
determine the mass concentration of Black Carbon particles 
collected from an air stream passing through a filter. 24-hour 
personal external black carbon exposure in each child will be 
measured using this device. Children carry the monitor in a small 
bag for 24 hours alongside a time/activity diary, which is filled in by 
child/parent. These monitors give a real time picture of exposure to 
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pollution. We will measure 24-hour exposure on two separate 
occasions. Carbon monitors are CE marked and will be used within 
its terms of license.  

 
 

3. Nitrogen Dioxide Monitoring  
An NO2 diffusive sampler (the size of a small badge) will be 
placed inside the participant’s home to detect indoor natural 
gas exposure. The data will be analysed by the manufacturers of 
the NO2 sampler (IVL Swedish Environmental Research Institute 
Ltd, P.O. Box 53021, SE-400 14 Gothenburg, Sweden). The 
device will only have anonymised data prior to transport 

(http://www.diffusivesampling.ivl.se/oursamplers.4.75d7780712240

e747ea80004619.html) 
  

All devices are already owned by the research team at the Blizard Institute so no purchase is 
required.  

   
Products 

1. Airway epithelial cell media (PromoCell): serum-free medium 
optimized for the cultivation of epithelial cells from large air 
passages. 

2. Gibco TrypLE Express (Thermo-Fisher): purified, recombinant cell-
dissociation enzymes that replace porcine trypsin. Used to 
dissociate attachment-dependent cell lines. 

3. Bronchial epithelial cell growth medium (Lonza): medium designed 
to support the growth of human primary bronchial epithelial cells 

4. Trypan blue solution: a diazo dye which selectively colours dead 
tissues or cells blue 

5. Fetal bovine serum (FBS): protein-rich serum which allows the 
maintenance of cultured cells.  

6. Dimethyl sulfoxide (DMSO): a solvent 
7. Anti-PAFR primary antibody (Abcam): rabbit polyclonal antibody to 

PAF receptor 
8. Anti-E-cadherin primary antibody (Abcam): mouse monoclonal 

antibody to E-cadherin; used to identify epithelial cells.  
9. Alexa Fluor 488 dye (Abcam): a bright, green-fluorescent dye with 

excitation; for stable signal generation in flow cytometry 
10. Allophycocyanin (APC) (Abcam): fluroscent probe  

Monoclonal EPR25A- rabbit isotype IgG antibody used to adjust for 
nonspecific staining  
 
Techniques 

1. Nasal cell collection 
A sample of nasal epithelial cells will be obtained from the nostrils of 
all participants using a sterile, disposable plastic probe (Rhinoprobe, 

Pollution Monitoring 
Badge 

http://www.diffusivesampling.ivl.se/oursamplers.4.75d7780712240e747ea80004619.html
http://www.diffusivesampling.ivl.se/oursamplers.4.75d7780712240e747ea80004619.html
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VWR, Lutterworth, UK) or a dental brush (Dento-O-Care 620, 

2.7mm Interdental brush). The probe has a tiny scoop on the end 

and will be gently pressed against the inside lining of the nostril and 
the brush has small bristle that will be rotated gentley against the 
inside lining of the nostril.  

 
2. Flow cytometry 

A technique used to count and sort cells as they flow in a fluid stream 
through a beam of light.  

 
 

14. SAFETY REPORTING  
 

Adverse Events (AE) 
An AE is any untoward medical occurrence in a subject to whom a 
medicinal product has been administered, including occurrences 
which are not necessarily caused by or related to that product.  An AE 
can therefore be any unfavourable and unintended sign (including an 
abnormal laboratory finding), symptom or disease temporarily 
associated with study activities. 

 
Notification and reporting Adverse Events or Reactions 

If the AE is not defined as SERIOUS, the AE is recorded in the study 
file and the participant is followed up by the research team. The AE is 
documented in the participants’ medical notes (where appropriate) 
and the CRF. 

 
Serious Adverse Event (SAE) 

In other research other than CTIMPs, a serious adverse event 
(SAE) is defined as an untoward occurrence that: 

(a) results in death; 

(b) is life-threatening; 
(c) requires hospitalisation or prolongation of existing 
hospitalisation; 
(d) results in persistent or significant disability or 
incapacity; 
(e) consists of a congenital anomaly or birth defect; or 
(f) is otherwise considered medically significant by the 
investigator. 

 
An SAE occurring to a research participant should be reported to 
the main REC where in the opinion of the Chief Investigator the 
event was: 
• Related – that is, it resulted from administration of any of the 
research procedures, and 
• Unexpected – that is, the type of event is not listed in the protocol 
as an expected occurrence.  

 
Notification and Reporting of Serious Adverse Events  

Serious Adverse Event (SAEs) that are considered to be ‘related’ and 
‘unexpected’ are to be reported to the sponsor within 24 hours of 
learning of the event and to the Main REC within 15 days in line with 
the required timeframe. For further guidance on this matter, please 
refer to NRES website and JRMO SOPs 
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Please note in the case of a blinded study, it is recommended the 
treatment code for the patient is broken in the reporting of an 
‘unexpected and related’ SAE. Please seek advice on how this can be 
achieved whilst maintaining the team blind. The unblinding of single 
cases by the PI/CI in the course of a clinical trial should only be 
performed if necessary for the safety of the trial subject. 
 

Urgent Safety Measures 
The CI may take urgent safety measures to ensure the safety and 
protection of the clinical trial subjects from any immediate hazard to 
their health and safety,. The measures should be taken immediately. 
In this instance, the approval of the REC prior to implementing these 
safety measures is not required. However, it is the responsibility of the 
CI to inform the sponsor and Main Research Ethics Committee (via 
telephone) of this event immediately.  
 
The CI has an obligation to inform both the Main REC in writing within 
3 days, in the form of a substantial amendment. The sponsor (Joint 
Research Management Office [JRMO]) must be sent a copy of the 
correspondence with regards to this matter. For further guidance on 
this matter, please refer to NRES website and JRMO SOPs. 
 

Annual Safety Reporting  
The CI will send the Annual Progress Report to the main REC using 
the NRES template (the anniversary date is the date on the MREC 
“favourable opinion” letter from the MREC) and to the sponsor. Please 
see NRES website and JRMO SOP for further information 

 
Overview of the Safety Reporting responsibilities 

The CI/PI has the overall pharmacovigilance oversight responsibility. 
The CI/PI has a duty to ensure that safety monitoring and reporting is 
conducted in accordance with the sponsor’s requirements.  

 
 
 

15. MONITORING &AUDITING 

A data monitoring committee will not be convened. Intermittent random 
audit of data quality will be performed by members of the investigating team 
under the supervision of the Chief investigator (CI).  

Internal audits may be conducted by the Sponsor. The arrangements will 
be in accordance to the Research Governance Framework. 

16. TRIAL COMMITTEES 

Not applicable  

17. FINANCE AND FUNDING 

This study is sponsored by the Medical College of Saint Bartholomew’s 
Hospital 

Trust (grant reference: GCHG1C5R) 
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18. INDEMNITY  

 

Indemnity will be provided by study sponsor Queen Mary University of 
London  
 

19. DISSEMINATION OF RESEARCH FINDINGS: 
 
Any manuscript reporting study findings will be prepared according to 
CONSORT guidelines and submitted to peer-reviewed biomedical journals 
according to ICMJE Uniform Requirements. Authorship will be based on 
individuals’ contribution to study design, conduct, analysis, drafting/revision 
of manuscript and final approval of the version to be published. Authorship 
will not necessarily be restricted to individuals named on this protocol; neither 
is authorship guaranteed to any individual named on this protocol. 
Contributors who do not meet authorship criteria will be listed in 
‘Acknowledgements’. 
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Appendix C (i)– Participant case report form 
 
 

DEMOGRAPHIC DATA 
Informed Consent: 

Date participant/ 

relative signed 

written consent 

form: 

__ __ / __ __ / __ __                              (DD  /   MM  /  YY) 

 

Name of person taking informed consent: ____________________________________________ 

 
 

 

Participant’s identification number for this trial:   

 

Date of Birth: 
__ __ / __ __  / __ __                              

(DD  /   MM  /   YY) 
  

Sex:   Male              Female 
 

 
  

Ethnicity 

White
  

White 

British  
 White Irish  

White 

Other  
 

Mixed race 
White & 
Black 
Caribbean  

 White & 
Black African 

 
White & 

Asian 
 

Other 
mixed 
background 

 

Asian or Asian 
British 

Indian  Bangladeshi  Pakistani  Other Asian 
background 

 

Black or Black 
British 

Caribbean  African  Black Other  

Chinese or other 
ethnicity 

Chinese  Other   (please specify) 

Contact Details 

 
Name of Person: 
 

Relationship to participant: 

Contact number: Email address: 
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Address: 

Post code:  

 
 
 
 
 

BASELINE MEDICAL HISTORY 
 

Date of diagnosis: Age of diagnosis: 

Number of admissions in last 12 months:  

Tick if participant has any of the following medical conditions: 
 

 Asthma (5 y and over)                                                    
 Recurrent wheeze (1-5y)                                               
 Sickle cell trait 
 Sickle cell disease  
 Atopy (hayfever, eczema, allergies) 
 Diabetes (Type I/Type II) 

Other medical conditions: 
 
 
 
Family history of medical conditions: 
 
 
 

Current medications:  
Vaccination History: 
NKDA  
Allergies- please specify  _____________ 

 

 
BASELINE SAMPLING 
Biological sampling: 

    Nasal epithelial cell sampling                          Date: -
____________________________ 

 
24hr air pollution monitoring 

24hr Activity Diary  

BC monitor        1 NO2 badge to given out 

for 2 week monitoring 

BASELINE ENVIRONMENT HISTORY 
 
1. Any smokers in the house or daily living environment?  
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 Yes  

 No 

2. What type of stove does participant use at home? 

 Gas  

 Electric 

 Other (please 

specify)___________________________________________________________

___ 

3. Does participant burn candles at home?  

 Yes, 5 or more times a week 

 Yes, 3 to 4 times a week 

 1 to 2 times a week 

 Not at all 

 

BASELINE TRAVEL PREFERENCES AND OUTDOOR ACTIVITIES 
 
1. Which types of transport is used when travelling to/from school? 
   

   Foot    

 By bus 

 By bicycle 

2. How long does it take to walk to/from school?  

 10 minutes or less     30 + minutes 

 20 minutes or less 

 30 minutes or less 

3. How often in a week would the participant play outside after school? 

 5 or more times 

 3 to 4 times 

 1 to 2 times 

 Not at all 

4. Which of the following location does the participant normally play at?  

 Backyard  

 Front yard 

 Park  

 Other (please 

specify)________________________________________________________

______ 

 

COLLECTING MONITORS  
 24 hour monitoring equipment collection: 
Name of research member to be 
going:________________________________________________ 
Date:________________________________                
Time:________________________________ 
 

 By car 

 By tube 

 By train  
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2 week monitoring equipment collection (NO2 badge): 
Name of research member to be 
going:________________________________________________ 
Date:________________________________                
Time:________________________________ 
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Appendix C (ii)– Participant activity diary  

 
Activity Diary  
 Time range Activity (e.g. school, home, garden, on 

bus/tube/train/car/walking etc) 
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Appendix D –  Study poster and letters  

 
i) Poster advertisement 

 
 
 

 
 

 
Hello! 
You are invited to participate in an exciting study looking 
at  
AIR POLLUTION and how it affects the cells in our 
noses. We are looking for:  

1) Children with asthma or pre-school wheeze 

2) Children and young people with sickle cell disease 

3) Children with severe pneumonia 

4) Children and young people with no medical 

problems at all 

 
 
What do you need to do?  

1) Allow us to take a small sample of your 

nose cells. This is not painful, but might feel 

a bit ticklish.  

2) Bring a small, portable air pollution monitor around 

with you for a 24 hour period 

 
What will you learn? 
The information we gather will help us understand how 
air pollution affects children. You will also learn more 
about when and where YOU are exposed to more air 
pollution 
 
Interested?  
Please contact Professor Jonathan Grigg -  
j.grigg@qmul.ac.uk or  
Dr. Gary Foley – g.foley@qmul.ac.uk  
 

mailto:Professor
mailto:j.grigg@qmul.ac.uk
mailto:g.foley@qmul.ac.uk
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ii) Letter for the GP 
GP name 
GP address 1 
GP address 2 
GP address 3 
 
Date: XXXXX 
 
Dear Dr _______ 
RE: PAFR in Health and Disease study 
We would like to inform you that your patient ____________ (DOB 
_________) has been enrolled to participate in a cross- sectional study at 
the Royal London Hospital entitled ‘PAFR in Health and Disease’. They will 
be assessed over a one-month period and the assessments are as follows: 

1) Baseline questionnaire: all participants or parents of participants will 

complete a baseline questionnaire to collect data about demographics 

(e.g. age, postcode, DOB), family history, medical history, 

vaccinations and medications. We will also collect details about 

sources of indoor and outdoor air pollution exposure (e.g. cigarette 

smoke, cooking, and travel routes). 

2) Air pollution monitoring:   

a. A black carbon PM monitor will be carried by each participant 

for a 24 hour period, along with a parent/child completed 

activity diary, which will identify routes and activities 

associated with high exposure.  

b. 2-week cumulative nitrogen dioxide (NO2) exposure will be 

assessed using NO2 badges. NO2 is a marker for fossil-fuel 

derived PM such as natural gas e.g. cooking gas and heating. 

An NO2 badge will be placed inside the participant’s home to 

detect indoor gas cooking emissions (a PM- independent 

source). 

3) Nasal epithelial cell sample: 

a.  a sample of nasal epithelial cells will be obtained from the 

nostrils of all participants. 

I am enclosing a participant information sheet to provide more details about 
the study. I would be very happy to answer any specific questions that you 
might have.  
 
Yours sincerely, 
Professor Jonathan Grigg 
Consultant in Paediatric Respiratory and Environmental Medicine 
Centre for Genomics and Child Health 
Blizard Institute 
4 Newark Street, London 
E1 2AT 
Tel: 0207882206   
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iii) Letter for the school  
 
Dates Used:  
Re: Use of black carbon monitoring device in public places or schools. 
 
To Whom it may concern, 
The device shown below (Figure 1.) is a portable aethalometer: an 
instrument that uses optical analysis to determine the mass concentration 
of Black Carbon particles collected from an air stream passing through a 
filter.  
It measures the amount of pollution in the air caused by the combustion of 
fuels such as petrol, diesel or oil.  It will be used to measure the amount air 
pollution that the child is exposed to over 24 hours. 
 

 Figure 1.  
 
It is registered with Queen Mary University London, as part of the 
environmental pollution studies group.  It has regular safety checks and 
services. It is x-ray safe. 
If you have any queries, please do not hesitate to contact our team. 

  
 
Professor Jonathan Grrigg 
Consultant in Paediatric Respiratory and Environmental Medicine 
 
Dr. Gary Foley,    
Clinic Research Fellow and Specialist Registrar in Paediatrics 
 
Centre for Genomics and Child Health 
Blizard Institute 
4 Newark Street, London 
E1 2AT 
Email: g.foley@qmul.ac.uk 
Tel: 0207882267   
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Appendix E – Age appropriate information 

sheets 
 

i) Information sheets for age 5 – 10 years for control and 

experimental groups 
 
TO BE READ BY PARENTS AND CHILD ALONG WITH PARENT INFORMATION SHEET  
REC reference: 17/LO/1752 
IRAS number: 227903 

Name of researcher: Professor Jonathan Grigg 

 

Research is a way we try to find the 

answers.  

 

 

This research project is looking at the air we breathe. 

Engines in cars burn fuels that cause AIR POLLUTION. 

AIR POLLUTION can get into the cells in your lungs.  
 

We are doing a RESEARCH project to see if 

we can see how AIR POLLUTION changes the 

cells in your nose and lungs.  

 

We think AIR POLLUTION might make it 

easier for BACTERIA to stick to us. Bacteria 

are bugs that can make us feel poorly. 

 

Why me? We chose you because you live in a BIG 

CITY with lots of cars and traffic.  We also chose you because you 

have asthma or sickle cell disease and we want to know how AIR 

POLLUTION affects these people in particular.  

 

 

 

 

Ask you and your parents some questions? 

Take a sample of the cells in your nose? 

Do I have to? 

It’s totally up to you and your parents!  

Research 

Is it ok if we.... 
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We will ask you to help us monitor how much Air Pollution you are 

exposed to 

 

Will you carry a bag with a pollution monitor in it for 1 day and 

have 1 pollution badge in your house for 2 weeks.  

 

We will take a sample of your nose cells using a tiny plastic spoon 

or tiny plastic brush.  

  

These things will take a maximum of 1 month 

 

 

Will it hurt?  

No, it shouldn’t, but it might feel a little ticklish. 

 

We then take your nose cells to our Laboratory and do 

some RESEARCH! 

 

We cannot promise the study will help you but the 

information we get might help us understand how AIR 

POLLUTION affects children now.  

 

 

If at any time you don‘t want to do the 

research anymore, just tell your parents, the doctor 

or a nurse. Nobody will mind or be upset.  

 

 

If something goes wrong and you feel sick tell a grown up straight 

away. People who know what to do will be there to help you. 

 

 

Before any research is allowed to happen, it has to be checked by 

a group of people called a Research Ethics Committee. They make 

sure that the research is fair.  

 

 

What do I have to do? 

Decision time 
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Ok! I’m happy to take part.  

Mum or Dad or a Grown-up will say yes on the grown 

up form and we will be in touch to arrange the first 

visit. 

 

 

No thank you! 

We will see you next time, thanks for reading 

this… 

 

 

 

 

 

 

 

 
TO BE READ BY PARENTS AND CHILD ALONG WITH PARENT INFORMATION SHEET  
REC reference: 17/LO/1752 
IRAS number: 227903 
Name of researcher: Professor Jonathan Grigg 

 

Research is a way we try to find the 

answers.  

 

 

This research project is looking at the air we breathe. 

Engines in cars burn fuels that cause AIR POLLUTION. 

AIR POLLUTION can get into the cells in your lungs.  
 

We are doing a RESEARCH project to see if 

we can see how AIR POLLUTION changes the 

cells in your nose and lungs.  

 

We think AIR POLLUTION might make it 

easier for BACTERIA to stick to us. Bacteria 

are bugs that can make us feel poorly. 

 

Research 
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Why me? We chose you because you live in a BIG 

CITY with lots of cars and traffic.  We also chose you because you 

are generally healthy and we want to see how AIR POLLUTION 

affects you.  

 

 

 

 

Ask you and your parents some questions? 

Take a sample of the cells in your nose? 

 

It’s totally up to you and your parents!  

 

 

 

 

We will ask you to help us monitor how much Air Pollution you are 

exposed to 

 

Will you carry a bag with a pollution monitor in it for 1 day and 

have 1 pollution badge in your house for 2 weeks.  

 

We will take a sample of your nose cells using a tiny plastic spoon 

or small plastic brush.  

 

These things will take a maximum of 1 month 

 

 

Will it hurt?  

No, it shouldn’t, but it might feel a little ticklish. 

 

Is it ok if we.... 

What do I have to do? 
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We then take your nose cells to our Laboratory and do 

some RESEARCH! 

 

We cannot promise the study will help you but the 

information we get might help us understand how AIR 

POLLUTION affects children now.  

 

 

If at any time you don‘t want to do the research 

anymore, just tell your parents, the doctor or a nurse. 

Nobody will mind or be upset.  

 

 

If something goes wrong and you feel sick tell a grown up straight 

away. People who know what to do will be there to help you. 

 

 

Before any research is allowed to happen, it has to be checked by 

a group of people called a Research Ethics Committee. They make 

sure that the research is fair.  

 

 

 

 

Ok! I’m happy to take part.  

Mum or Dad or a Grown-up will say yes on the grown 

up form and we will be in touch to arrange the first 

visit. 

 

 

No thank you! 

We will see you next time, thanks for reading 

this… 

 

 
 

 
 

 
 
 

 

Decision time 
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ii) Information sheet for age 11 – 16 years for control and 

experimental groups 
 
PARTICIPANT INFORMATION SHEET   
REC reference: 17/LO/1752 

IRAS number: 227903 
Name of researcher: Professor Jonathan Grigg 

Research  
You are being invited to take part in a research study.    
Research is a way we try to find answers. Before you say 
‘yes’ or ‘no’, it’s important that you understand why we are 
doing this research. This sheet will tell you about our study.  
Please ask us if there is anything that is not clear, or if you 
would like more information. Take time to decide whether or 
not you want to take part. 
 

What are we looking at? 
We are looking at the CELLS in our 
noses and lungs. Sometimes, 
BACTERIA (bugs) stick to our cells 
and this can make us ill.  
 
 
 

We want to know:  
• If children with asthma, sickle cell 
disease or 

pneumonia have STICKIER cells  

• If AIR POLLUTION makes our 
cells STICKIER. Air pollution is 
made by cars and factories when 
they burn fuel.  

 
3. Why have I been chosen?  
You have been asked to take part because you have 
asthma, sickle cell disease or pneumonia and you are being 
looked after by doctors at the Royal London Hospital. We 
also chose you because you live in London, where we are 
doing this research. 
4. Do I have to take part? 
No. It is up totally up to YOU. If you decide to take part, we 
will also talk to your mum or dad and get their permission to 
let you take part. Remember, you can decide to stop at any 
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time. No one will be cross or angry with you if you decide to 
stop.  
 
5.  What will happen to me if I take part? 
If you want to take part, a researcher or a doctor will meet 
you at the Royal London Hospital. We will look at your 
medical record to see how your health has been.  

Then:  
i. We will ask you and your mum or dad some questions 
ii. A doctor, nurse or researcher will take a sample of 

CELLS from your nose with a thin plastic spoon or a 
small brush that look like these:  
 

 
  

 
The cells will go to our lab and we will see how sticky 
they are. 
 
 

iii. We will ask you to carry a small air pollution monitor 
for 24 hours, It looks like this:  
 
 
 
 
 
 

iv. We will ask you place one small pollution monitor in 
your home to help detect indoor 
pollution exposure. 

 
 
 
 
You’ll be involved in our study for 1 month in total 
6. Will it hurt?  
When we take some cells from your nose, it shouldn’t hurt 
but it might TICKLE a bit. RARELY, it can cause a tiny 

Pollution Monitoring Badge 
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amount of bleeding, but we don’t expect this to happen and 
are here to help if it does. 
 
 
7. What will I learn from the study? 
We cannot promise the study will help you but the 
information we get might help us understand how AIR 
POLLUTION affects children now. You will learn more about 
when and where you come across air pollution.  
 
8. What happens at the end of the study? 
We will write the main findings on a sheet like this and let all 
our participants know what we find. We will use this new 
information to make a guide about how we can all reduce 
our exposure to air pollution. 
 
9. Who has checked this study? 
Before research is conducted, it is checked by a group of 
people called the ethics committee. They make sure that the 
study is fair.  
 
Okay, decision time: 
 

Yes, I am happy to take part! We will speak to 
mum or dad and ask them to sign their form 
 
 

 
No, thank you- maybe next time! No 
problem- thanks for reading this!  
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PARTICIPANT INFORMATION SHEET   
REC reference: 17/LO/1752 

IRAS number: 227903 
Name of researcher: Professor Jonathan Grigg 

Research  
You are being invited to take part in a research study.    
Research is a way we try to find answers. Before you say 
‘yes’ or ‘no’, it’s important that you understand why we are 
doing this research. This sheet will tell you about our study.  
Please ask us if there is anything that is not clear, or if you 
would like more information. Take time to decide whether or 
not you want to take part. 
 

What are we looking at? 
We are looking at the CELLS in our 
noses and lungs. Sometimes, 
BACTERIA (bugs) STICK to our cells 
and this can make us ill.  
 
 
 

We want to know:  
• If children with asthma, sickle cell 
disease or 

pneumonia have STICKIER cells  

• If AIR POLLUTION makes our 
cells STICKIER. Air pollution is 
made by cars and factories when 
they burn fuel.  

 
3. Why have I been chosen?  
You have been asked to take part because you are generally 
healthy and you live in London, where we are doing this 
research.  
 
4. Do I have to take part? 
No. It is up totally up to YOU. If you decide to take part, we 
will also talk to your mum or dad and get their permission to 
let you take part. Remember, you can decide to stop at any 
time. No one will be cross or angry with you if you decide to 
stop.  
 
5.  What will happen to me if I take part? 
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If you want to take part, a researcher or a doctor will meet 
you at the Royal London Hospital. We will look at your 
medical record to see how your health has been.  

Then:  
v. We will ask you and your mum or dad some questions 
vi. A doctor, nurse or researcher will take a sample of 

CELLS from your nose with a thin plastic spoon or 
small brush like these:  
 

 
 

 
The cells will go to our lab and we will see how sticky 
they are. 

 
 

vii. We will ask you to carry a small air pollution monitor 
for 24 hours. It looks like this:  
 
 
 
 
 
 

viii. We will ask you place one small pollution monitor in 
your home to help detect indoor pollution exposure. 
 

 
 
 
 
 
You’ll be involved in our study for 1 month in total 
 
6. Will it hurt?  
When we take some cells from your nose, it shouldn’t hurt 
but it might TICKLE a bit. RARELY, it can cause a tiny 
amount of bleeding, but we don’t expect this to happen and 
are here to help if it does.  

Pollution Monitoring Badge 
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7. What will I learn from the study? 
We cannot promise the study will help you but the 
information we get might help us understand how AIR 
POLLUTION affects children now. You will learn more about 
when and where you come across air pollution.  
 
8. What happens at the end of the study? 
We will write the main findings on a sheet like this and let all 
our participants know what we find. We will use this new 
information to make a guide about how we can all reduce 
our exposure to air pollution. 
 
9. Who has checked this study? 
Before research is conducted, it is checked by a group of 
people called the ethics committee. They make sure that the 
study is fair.  
 
Okay, decision time: 
 

Yes, I am happy to take part! We will speak to 
mum or dad and ask them to sign their form 
 
 

 
No, thank you- maybe next time! No 
problem- thanks for reading this!  
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iii) Information sheet for age 16+ years for control and 

experimental groups 
 

 
PARTICIPANT INFORMATION SHEET  16y+ (Group 1-3)  
REC reference: 17/LO/1752 

IRAS number: 227903 

Name of researcher: Professor Jonathan Grigg 
PART 1 
1. Invitation 
You are being invited to take part in a research study.   Before you decide 
whether or not to take part, it is important for you to understand why the 
research is being done and what it will involve. Please take time to read the 
following information carefully, and discuss it with others if you wish.  
PART 1 tells you the purpose of this study and what will happen to you if you 
take part. 
PART 2 gives you more detailed information about the conduct of the study. 
Please ask us if there is anything that is not clear, or if you would like more 
information. Take time to decide whether or not you wish to take part. 
2. What is the purpose of the study? 

i. This study will look at a molecule called PAFR (platelet activating factor 
receptor) in the cells lining the inner nose in children and young people 

with 1) asthma, 2) sickle cell disease, 3) children diagnosed with 

pneumonia and 4) children without these conditions.  
ii. We would also like to monitor exposure to air pollution in children and 

young people who participate in the study, as this can affect PAFR levels.  
iii. If there is a difference in PAFR levels in the nose cells of these 4 groups, this 

may mean that those with more PAFR levels are at a higher risk of bacterial 
infections, especially one bug called Streptococcus pneumoniae. 

iv. We will report our findings to the scientific community, and this may help 
improve prevention and treatment of infections in the future.  
 

3. Why have I been chosen?  
You have been asked to take part because you have asthma, sickle cell 
disease or pneumonia and you are being treated at the Royal London 
Hospital, where this study is being held. 
4. Do I have to take part? 
No. It is up to you to decide whether or not to take part. If you decide you 
would like to take part, then you will be given this information sheet to keep 
and be asked to sign a consent form, to confirm that you understand what 
is involved when taking part in this study. If you decide to take part, you are 
free to leave the study at any time and without giving a reason. If you 
withdraw, unless you object, we will still keep records relating to your 
participation up to that point, as this is valuable to the study. A decision to 
withdraw at any time, or a decision not to take part, will not affect the 
quality of any care you may require from us in the future. 
5.  What will happen to me if I take part? 
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If you are interested in taking part, a trained researcher, nurse or doctor will 
arrange a time to meet you at the Royal London Hospital – this can coincide 
with your next hospital visit if you have one pending. We will review your 
medical record for information such as previous infections, medications, 
hospital admissions.  
 
 
When we meet you at the Royal London Hospital,  

ix. We will ask you several questions regarding your medical history and 
demographic details 

x. A trained researcher, doctor or nurse will take a sample of cells from the 
inside lining of your nose using a sterile, plastic probe. This sample will then 
be securely transported for storage and analysis at the Blizard Institute, 
where our laboratory is based.  

xi. We will ask you to carry a small air pollution monitor for 24 hours 
xii. We will ask to place a small pollution monitoring badge in your home to 

detect indoor pollution exposure. 

 
If you choose to participate, you will be active in our study for a total of one 
month. 
 
6.  What is the procedure that is being tested? 
A doctor, researcher or nurse will gently press a sterile, plastic, disposable 
probe, called a Rhinoprobe or dental brush, against the inside of both your 
nostrils. The probe has a tiny scoop on the end of it and the brush has small 
bristles which will allow us to collect a sample of the cells that line the inside 
of your nose. They both cause minimal to no discomfort.  

             Rhinoprobe   

 Dental Brushes 
Carrying a pollution monitor is simple – we have small pollution monitors 
that are about the size of a small juice carton. They have a hose coming out 
of them that sucks in air and measures how much soot there is in the air 
around you. We ask you to carry them on your clothes for 24 hours. We will 
ask you to fill in a transport/activity diary to get an accurate picture of when 
and where you are exposed to air pollution.  
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We will also ask you to place a pollution 
monitoring badge in your home. This badge 
is the size on a 10 pence piece. There are no 
special instructions for looking after the 
badge but it should remain for 2 weeks. It will 
be used to detect any indoor pollution 
exposure (e.g. cigarette smoke, cooking 

fumes). If it gets lost, please inform the 
research team 
 

 
 
 
 
7. What do I have to do?  
If you agree to take part, please let your care team or our research team 
know. We will contact you, explain the project to you in more detail and you 
can ask us any questions you might have.    
8. What are the side effects of any treatment received when taking 
part? 
The probe we use to collect your nose cells causes minimal to no discomfort. 
Very occasionally it can cause a tiny amount of bleeding, which we don’t 
expect to happen or cause harm. Our researchers and medical staff will be 
at hand to treat you if required.  
9. What are other possible disadvantages and risks of taking part? 
Care should be taken when placing the monitoring badge, in order to avoid 
accidental swallowing hazard.  
11. What are the possible benefits of taking part?  
You will learn more about when and where you come across air pollution. 
We cannot promise the study will help you but the information we get might 
help us understand how air pollution affects cells of the airways in children 
and young people at higher risk of infections- such as those with asthma and 
sickle cell disease. This study may influence how we try to reduce air 
pollution exposure and potentially limit its effect on children and young 
people’s lungs. 
12. What happens when the research study stops? 
Your samples will be disposed of and your anonymised data will be analysed 
and published in a medical journal. 
13. What if there is a problem? 
If you have a concern about any aspect of this study, you should ask to speak 
with the researchers who will do their best to answer your question.  Our 
contact details can be found at the bottom of this sheet. If you remain 
unhappy and wish to complain formally, you can do this through the NHS 
Complaints Procedure or contact Patient Advice and Liaison Service (PALS)  
(details are at the end of this sheet). 
Queen Mary University of London has agreed that if you are harmed as a 
result of your participation in the study, you will be compensated, provided 

Pollution Monitoring Badge 
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that, on the balance of probabilities, an injury was caused as a direct result 
of the intervention or procedures you received during the course of the 
study. These special compensation arrangements apply where an injury is 
caused to you that would not have occurred if you were not in the study. 
These arrangements do not affect your right to pursue a claim through legal 
action. 
14. Will my taking part in this study be kept confidential? 
Yes.  All the information about your participation in this study will be kept 
confidential.  The details are included in Part 2. 
This completes Part 1 of the Information Sheet. 
If the information in Part 1 has interested you and you would like to 
participate, please continue to read the additional information in Part 2 
before making any decision. 
----------------------------------------------------------------------------------------------------
-------------------------------------- 
PART 2 
15.  What if new information becomes available? 
Sometimes during the course of a study, new information becomes available 
on the procedures that are being studied (such as new techniques for taking 
samples). If this happens, we will tell you about it and discuss with you 
whether you want to or should continue in the study. If you decide to 
withdraw, you will suffer no adverse effects as a result. If you decide to 
continue in the study you will be asked to sign an updated consent form. 
On receiving new information, we might consider it to be in your best 
interests to withdraw you from the study. If so, we will explain the reasons 
and arrange for your care to continue. 
If the study is stopped for any other reason, you will be told why. 
16. Will my part in this study be kept confidential? 
You will be allocated a participant ID, which will be used as a code to identify 
you on all study forms and samples. The participant ID, address and contact 
email/telephone numbers will be recorded for the purpose of pollution 
exposure monitoring. Data will be stored in paper and electronic formats - 
all de-identified and securely stored within the research institute.  
If you consent to take part in this study, the records obtained while you are 
in this study as well as related health records will remain strictly confidential 
at all times. Your medical notes will only be reviewed by doctors, nurses and 
researchers who are authorised to work on this study. The information will 
be held securely on paper and electronically at the research centre and the 
Royal London Hospital under the provisions of the 2018 Data Protection Act. 
Your name will not be passed to anyone else outside the research team or 
the sponsor, who is not involved in the study.  
Data generated will be analysed by the research team at the Blizard institute. 
Data will be securely locked and only accessed by the research team. You 
sample records will be available to people authorised to work on the study 
but may also need to be made available to people authorised by the 
Research Sponsor, which is the organisation responsible for ensuring that 
the study is carried out correctly.  



238 
 

The information collected about you may also be shown to authorised 
people from the UK Regulatory Authority; this is to ensure that the study is 
carried out to the highest possible scientific standards.  All will have a duty 
of confidentiality to you as a research participant. 
If you withdraw consent from further study involvement, we will seek your 
permission to include your sample results within the study.  We will not do 
so without your permission. Unless you object, your data and samples will 
remain on file and will be included in the final study analysis. 
Research data will be stored in a secured area within the Blizard institute. 
The data will only be accessed by the Chief Investigator following the 
completion of the study. In line with Good Clinical Practice guidelines, at the 
end of the study, your data will be securely archived for a minimum of 20 
years. Arrangements for confidential destruction will then be made.  
17.  What will happen to any samples I give? 
Samples will be stored anonymously and processed as stated above, within 
the Blizard Institute. 
The pollution monitoring badges will be analysed in Sweden (IVL Swedish 
Environmental Research Institute Ltd, P.O. Box 53021, SE-400 14 
Gothenburg, Sweden). No samples will be sent to this location. The devices 
will only have anonymised data prior to transport. 
All samples will be discarded at the end of the study (if not already discarded 
at the end of the intended analysis). 
18. What will happen to the results of this study? 
The results of the study will be available after it finishes and will usually be 
published in a medical journal or be presented at a scientific conference. The 
data will be anonymous and none of the children/ young people involved 
will be identified in any report or publication. Should you wish to see the 
results, or the publication, please ask your study doctor.  
A summary sheet of the findings will be made available to participants 
following the close of the study. Data collected may be used to help develop 
Trust-wide guidelines on reducing air pollution exposure in children. 
19. Who is organising and funding this study? 
The study is sponsored by Queen Mary University of London, and it is funded 
by The Medical College of Saint Bartholomew’s Hospital Trust  (http://barts-
londonschooltrust.org.uk/) 
20. Who has reviewed the study? 
Before any research goes ahead it has to be checked by an independent 
Research Ethics Committee. They make sure that the research is fair. This 
project has been checked by London Bloomsbury (REC reference: -
17/LO/1752) 
21. Contact for further information 
You are encouraged to ask any questions you wish, before, during or after 
your participation. If you have any questions about the study, please speak 
to the research team, who will be able to provide you with up to date 
information about the procedures involved. If you wish to read the research 
on which this study is based, please ask your research team. If you require 
any further information or have any concerns while taking part in the study 
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please contact the research team (contact details are at the end of this 
sheet). 
If you decide you would like to take part then please read and sign the 
consent form, which will be the only document linking your name to the 
participant ID. You will be given a copy of this information sheet and the 
consent form to keep. One copy of the consent form will be given to you, 
one copy to be stored in medical records and one copy to be kept within the 
investigator's site file located at Blizard Institute (Queen Mary University of 
London). The investigator site file will be securely locked and only accessed 
by the research doctors.  
Thank you for taking the time to read this information sheet and considering 
this study. 
Research Team: 
Chief Investigator: 
Professor Jonathan Grigg, 07787 550775, j.grigg@qmul.ac.uk 
 
Clinical Research Fellow: 
Dr. Gary Foley, 07947957206, g.foley@qmul.ac.uk 
 

For advice about taking part in research in the NHS: 
INVOLVE 
Wessex House 
Upper Market Street 
Eastleigh 
Hampshire 
SO50 9FD 
Telephone: 023 8065 1088 
Textphone: 023 8062 6239 
Fax: 023 8065 2885 
Email: admin@invo.org.uk 
For advice about research and patient issues at The Royal London Hospital, Barts 
Health NHS Trust: 
 
Patient Advice and Liaison Service (PALS):  
Ground Floor, Front Block  
The Royal London Hospital  
Whitechapel Road  
London E1 1BB   
Tel: 020 7943 1335 
Fax: 020 7377 7361 
Minicom:  020 7943 1350  

• E-mail:  RLHpals.bartshealth@nhs.net 

 

 

 

 

 

 

mailto:j.grigg@qmul.ac.uk
mailto:RLHpals@bartshealth.nhs.uk
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PARTICIPANT INFORMATION SHEET 16y+ (Groups 4-5)  
REC reference: 17/LO/1752 

IRAS number: 227903 

Name of researcher: Professor Jonathan Grigg 
PART 1 
1. Invitation 
You are being invited to take part in a research study.   Before you decide 
whether or not to take part, it is important for you to understand why the 
research is being done and what it will involve. Please take time to read the 
following information carefully, and discuss it with others if you wish.  
PART 1 tells you the purpose of this study and what will happen to you if you 
take part. 
PART 2 gives you more detailed information about the conduct of the study. 
Please ask us if there is anything that is not clear, or if you would like more 
information. Take time to decide whether or not you wish to take part. 
2. What is the purpose of the study? 

v. This study will look at a molecule called PAFR (platelet activating factor 
receptor) in the cells lining the inner nose in children and young people 

with 1) asthma, 2) sickle cell disease, 3) children diagnosed with 

pneumonia and 4) children without these conditions.  
vi. We would also like to monitor exposure to air pollution in children and 

young people who participate in the study, as this can affect PAFR levels.  
vii. If there is a difference in PAFR levels in the nose cells of these 4 groups, this 

may mean that those with more PAFR levels are at a higher risk of bacterial 
infections, especially one bug called Streptococcus pneumoniae. 

viii. We will report our findings to the scientific community, and this may help 
improve prevention and treatment of infections in the future.  
 

3. Why have I been chosen?  
You have been asked to take part because you have do not have any major 
medical conditions and you live in London, where this study is being held. 
4. Do I have to take part? 
No. It is up to you to decide whether or not to take part. If you decide you 
would like to take part, then you will be given this information sheet to keep 
and be asked to sign a consent form, to confirm that you understand what 
is involved when taking part in this study. If you decide to take part, you are 
free to leave the study at any time and without giving a reason. If you 
withdraw, unless you object, we will still keep records relating to your 
participation up to that point, as this is valuable to the study. A decision to 
withdraw at any time, or a decision not to take part, will not affect the 
quality of any care you may require from us in the future. 
5.  What will happen to me if I take part? 
If you are interested in taking part, a trained researcher, nurse or doctor will 
arrange a time to meet you at the Royal London Hospital.. We will review 
your medical record for information such as previous infections, 
medications, hospital admissions.  
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When we meet you at the Royal London Hospital,  
xiii. We will ask you several questions regarding your medical history and 

demographic details 
xiv. A trained researcher, doctor or nurse will take a sample of cells from the 

inside lining of your nose using a sterile, plastic probe. This sample will then 
be securely transported for storage and analysis at the Blizard Institute, 
where our laboratory is based.  

xv. We will ask you to carry a small air pollution monitor for 24 hours 
xvi. We will ask to place a small pollution monitoring badge in your home to 

detect indoor pollution exposure. 
 

If you choose to participate, you will be active in our study for a total 
of one month. 
6.  What is the procedure that is being tested? 
A doctor, researcher or nurse will gently press a sterile, plastic, disposable 
probe, called a Rhinoprobe or dental brush, against the inside of both your 
nostril. The probe has a tiny scoop on the end of it and the brush has small 
bristles which will allow us to collect a sample of the cells that line the inside 
of your nose. The both cause minimal to no discomfort.  

             Rhinoprobe   

 Dental Brush 
Carrying a pollution monitor is simple – we have small pollution monitors 
that are about the size of a small juice carton. They have a hose coming out 
of them that sucks in air and measures how much soot there is in the air 
around you. We ask you to carry them on your clothes for 24 hours. We will 
also ask you to fill in an activity/travel diary to get an accurate picture of 
when and where you are exposed to air pollution.  
 
 
 
 
 
 
 

We will also ask you to place a pollution 
monitoring badge in your home. This badge 
is the size on a 10 pence piece. There are no 
special instructions for looking after the 
badge but it should remain for 2 weeks. It will 
be used to detect any indoor pollution Pollution Monitoring Badge 
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exposure (e.g. cigarette smoke, cooking 
fumes). If it gets lost, please inform the 
research team 

 
7. What do I have to do?  
If you agree to take part, please let our research team know. We will contact 
you, explain the project to you in more detail and you can ask us any 
questions you might have.    
8. What are the side effects of any treatment received when taking 
part? 
The probe we use to collect your nose cells causes minimal to no discomfort. 
Very occasionally it can cause a tiny amount of bleeding, which we don’t 
expect to happen or cause harm. Our researchers and medical staff will be 
at hand to treat you if required.  
9. What are other possible disadvantages and risks of taking part? 
Care should be taken when placing the monitoring badge, in order to avoid 
accidental swallowing hazard.  
11. What are the possible benefits of taking part?  
You will learn more about when and where you come across air pollution. 
We cannot promise the study will help you but the information we get might 
help us understand how air pollution affects cells of the airways in children 
and young people at higher risk of infections- such as those with asthma. 
This study may influence how we try to reduce air pollution exposure and 
potentially limit its effect on children and young people’s lungs. 
12. What happens when the research study stops? 
Your samples will be disposed of and your anonymised data will be analysed 
and published in a medical journal. 
13. What if there is a problem? 
If you have a concern about any aspect of this study, you should ask to speak 
with the researchers who will do their best to answer your question.  Our 
contact details can be found at the bottom of this sheet. If you remain 
unhappy and wish to complain formally, you can do this through the NHS 
Complaints Procedure or contact Patient Advice and Liaison Service (PALS)  
(details are at the end of this sheet). 
Queen Mary University of London has agreed that if you are harmed as a 
result of your participation in the study, you will be compensated, provided 
that, on the balance of probabilities, an injury was caused as a direct result 
of the intervention or procedures you received during the course of the 
study. These special compensation arrangements apply where an injury is 
caused to you that would not have occurred if you were not in the study. 
These arrangements do not affect your right to pursue a claim through legal 
action. 
14. Will my taking part in this study be kept confidential? 
Yes.  All the information about your participation in this study will be kept 
confidential.  The details are included in Part 2. 
This completes Part 1 of the Information Sheet. 
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If the information in Part 1 has interested you and you would like to 
participate, please continue to read the additional information in Part 2 
before making any decision. 
----------------------------------------------------------------------------------------------------
-------------------------------------- 
PART 2 
15.  What if new information becomes available? 
Sometimes during the course of a study, new information becomes available 
on the procedures that are being studied (such as new techniques for taking 
samples). If this happens, we will tell you about it and discuss with you 
whether you want to or should continue in the study. If you decide to 
withdraw, you will suffer no adverse effects as a result. If you decide to 
continue in the study you will be asked to sign an updated consent form. 
On receiving new information, we might consider it to be in your best 
interests to withdraw you from the study. If so, we will explain the reasons 
and arrange for your care to continue. 
If the study is stopped for any other reason, you will be told why. 
16. Will my part in this study be kept confidential? 
You will be allocated a participant ID, which will be used as a code to identify 
you on all study forms and samples. The participant ID, address and contact 
email/telephone numbers will be recorded for the purpose of pollution 
exposure monitoring. Data will be stored in paper and electronic formats - 
all de-identified and securely stored within the research institute.  
If you consent to take part in this study, the records obtained while you are 
in this study as well as related health records will remain strictly confidential 
at all times. The information will be held securely on paper and electronically 
at the research centre and the Royal London Hospital under the provisions 
of the 2018 Data Protection Act. Your name will not be passed to anyone 
else outside the research team or the sponsor, who is not involved in the 
study.  
Data generated will be analysed by the research team at the Blizard institute. 
Your medical notes will only be reviewed by doctors, nurses and researchers 
who are authorised to work on this study.  Data will be securely locked and 
only accessed by the research team. You sample records will be available to 
people authorised to work on the study but may also need to be made 
available to people authorised by the Research Sponsor, which is the 
organisation responsible for ensuring that the study is carried out correctly.  
The information collected about you may also be shown to authorised 
people from the UK Regulatory Authority; this is to ensure that the study is 
carried out to the highest possible scientific standards.  All will have a duty 
of confidentiality to you as a research participant. 
If you withdraw consent from further study involvement, we will seek your 
permission to include your sample results within the study.  We will not do 
so without your permission. Unless you object, your data and samples will 
remain on file and will be included in the final study analysis. 
Research data will be stored in a secured area within the Blizard institute. 
The data will only be accessed by the Chief Investigator following the 
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completion of the study. In line with Good Clinical Practice guidelines, at the 
end of the study, your data will be securely archived for a minimum of 20 
years. Arrangements for confidential destruction will then be made.  
 
17.  What will happen to any samples I give? 
Samples will be stored anonymously and processed as stated above, within 
the Blizard Institute. 
The pollution monitoring badges will be analysed in Sweden (IVL Swedish 
Environmental Research Institute Ltd, P.O. Box 53021, SE-400 14 
Gothenburg, Sweden). No samples will be sent to this location. The devices 
will only have anonymised data prior to transport. 
All samples will be discarded at the end of the study (if not already discarded 
at the end of the intended analysis). 
18. What will happen to the results of this study? 
The results of the study will be available after it finishes and will usually be 
published in a medical journal or be presented at a scientific conference. The 
data will be anonymous and none of the children/ young people involved 
will be identified in any report or publication. Should you wish to see the 
results, or the publication, please ask your study doctor.  
A summary sheet of the findings will be made available to participants 
following the close of the study. Data collected may be used to help develop 
Trust-wide guidelines on reducing air pollution exposure in children. 
19. Who is organising and funding this study? 
The study is sponsored by Queen Mary University of London, and it is funded 
by The Medical College of Saint Bartholomew’s Hospital Trust  (http://barts-
londonschooltrust.org.uk/) 
20. Who has reviewed the study? 
Before any research goes ahead it has to be checked by an independent 
Research Ethics Committee. They make sure that the research is fair. This 
project has been checked by London Bloomsbury. (REC reference: 
17/LO/1752) 
21. Contact for further information 
You are encouraged to ask any questions you wish, before, during or after 
your participation. If you have any questions about the study, please speak 
to the research team, who will be able to provide you with up to date 
information about the procedures involved. If you wish to read the research 
on which this study is based, please ask your research team. If you require 
any further information or have any concerns while taking part in the study 
please contact the research team (contact details are at the end of this 
sheet). 
If you decide you would like to take part then please read and sign the 
consent form, which will be the only document linking your name to the 
participant ID. You will be given a copy of this information sheet and the 
consent form to keep. One copy of the consent form will be given to you, 
one copy to be stored in medical records and one copy to be kept within the 
investigator's site file located at Blizard Institute (Queen Mary University of 
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London). The investigator site file will be securely locked and only accessed 
by the research doctors.  
Thank you for taking the time to read this information sheet and to consider 
this study. 
Research Team: 
Chief Investigator: 
Professor Jonathan Grigg, 07787 550775, j.grigg@qmul.ac.uk 
 
Clinical Research Fellow: 
Dr. Gary Foley, 07947957206, g.foley@qmul.ac.uk  
 
 

For advice about taking part in research in the NHS: 
INVOLVE 
Wessex House 
Upper Market Street 
Eastleigh 
Hampshire 
SO50 9FD 
Telephone: 023 8065 1088 
Textphone: 023 8062 6239 
Fax: 023 8065 2885 
Email: admin@invo.org.uk 
For advice about research and patient issues at The Royal London Hospital, Barts 
Health NHS Trust: 
 
Patient Advice and Liaison Service (PALS):  
Ground Floor, Front Block  
The Royal London Hospital  
Whitechapel Road  
London E1 1BB   
Tel: 020 7943 1335 
Fax: 020 7377 7361 
Minicom:  020 7943 1350  

• E-mail:  RLHpals.bartshealth@nhs.net  
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iv) Information sheet for parents of experiment and control 

participants 
 
PARTICIPANT INFORMATION SHEET – for Parents/Guardians (Groups 1-4) 
REC reference: 17/LO/1752 

IRAS number: 227903 
Name of researcher: Professor Jonathan Grigg 
PART 1 
1. Invitation 
Your child is being invited to take part in a research study.   Before you and 
your child decide whether or not to take part, it is important for you to 
understand why the research is being done and what it will involve. Please 
take time to read the following information carefully, and discuss it with 
others if you wish.  
PART 1 tells you the purpose of this study and what will happen to your child 
if he/she takes part. 
PART 2 gives you more detailed information about the conduct of the study. 
Please ask us if there is anything that is not clear, or if you would like more 
information. Take time to decide whether or not you wish to take part. 
2. What is the purpose of the study? 

ix. This study will look at a molecule called PAFR (platelet activating factor 
receptor) in the cells lining the inner nose in children and young people 
with 1) asthma, 2) sickle cell disease, 3) children diagnosed with pneumonia 
and 4) children without these conditions.  

x. We would also like to monitor exposure to air pollution in children and 
young people who participate in the study, as this can affect PAFR levels.  

xi. If there is a difference in PAFR levels in the nose cells of these 4 groups, this 
may mean that those with more PAFR levels are at a higher risk of bacterial 
infections, especially one bug called Streptococcus pneumoniae. 

xii. We will report our findings to the scientific community, and this may help 
improve prevention and treatment of infections in the future.  
 

3. Why has my child been chosen?  
Your child has been asked to take part because he or she has either asthma, 
sickle cell disease or pneumonia and he/she is being treated at the Royal 
London Hospital, where this study is being held. 
4. Does my child have to take part? 
No. It is up to you and your child to decide whether or not to take part. If 
you and your child decide that he/she would like to take part, then you will 
be given this information sheet to keep and be asked to sign a consent form, 
to confirm that you understand what is involved when taking part in this 
study. Your child will also be asked to sign an assent form if he/she can do 
so.  If you and your child decide to take part, you are free to leave the study 
at any time and without giving a reason. If your child withdraws, unless you 
object, we will still keep records relating to his/her participation up to that 
point, as this is valuable to the study. A decision to withdraw at any time, or 
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a decision not to take part, will not affect the quality of any care he/she may 
require from us in the future. 
5.  What will happen to my child if he/she takes part? 
If you and your child are interested in taking part, a trained researcher, 
doctor or a nurse will arrange a time to meet you at the Royal London 
Hospital – this can coincide with your child’s next hospital visit if he/she has 
one pending. We will review your child’s medical record for information such 
as previous infections, medications, hospital admissions.  
 
When we meet you and your child at the Royal London Hospital,  
xvii. We will ask you several questions regarding his/her medical history and 

demographic details 
xviii. A trained researcher, doctor or nurse will take a sample of cells from the 

inside lining of your child’s nose using a sterile, plastic probe. This sample 
will then be securely transported for storage and analysis at the Blizard 
Institute, where our laboratory is based.  

xix. We will ask your child to carry a small air pollution monitor for 24 hours 
xx. We will ask to place a small pollution monitoring badge in your home to 

detect indoor pollution exposure. 

If you choose to participate, your child will be active in our study for a total 
of one month.  
6.  What is the procedure that is being tested? 
A doctor, researcher or nurse will gently press a sterile, plastic, disposable 
probe, called a Rhinoprobe or dental brush, against the inside of your child’s 
nostril. The probe has a tiny scoop on the end of it and the brush has small 
bristles which will allow us to collect a sample of the cells that line the inside 
of your child’s nose. The both cause minimal to no discomfort.  

         Rhinoprobe   

 Dental Brush 
Carrying a pollution monitor is simple – we have small pollution monitors 
that are about the size of a small juice carton. They have a hose coming out 
of them that sucks in air and measures how much soot there is in the air 
around you. We ask your child to carry it with them for 24 hours. We will ask 
you and your child to fill in a travel/activity diary to get an accurate picture 
of when and where you are exposed to air pollution.  
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We will also ask you to place a pollution 
monitoring badge in your home. This badge is 
the size on a 10 pence piece. There are no 
special instructions for looking after the badge 
but it should remain for 2 weeks. It will be 
used to detect any indoor pollution exposure 
(e.g. cigarette smoke, cooking fumes). If it gets 
lost, please inform the research team 

 
 
7. What do my child and I have to do?  
If you and your child agree to take part, please let your child’s care team or 
our research team know. We will contact you, explain the project to you and 
your child in more detail and you can ask us any questions you might have.    
8. What are the side effects of any treatment received when taking 
part? 
The probe we use to collect nose cells causes minimal to no discomfort. Very 
occasionally it can cause a tiny amount of bleeding, which we don’t expect 
to happen or cause harm. Our researchers and medical staff will be at hand 
to treat your child if required.  
9. What are other possible disadvantages and risks of taking part? 
Care should be taken when placing the monitoring badge, in order to avoid 
accidental swallowing hazard.  
11. What are the possible benefits of taking part?  
You will learn more about when and where your child comes across air 
pollution. We cannot promise the study will help your child but the 
information we get might help us understand how air pollution affects cells 
of the airways in children and young people at higher risk of infections- such 
as those with asthma and sickle cell disease. This study may influence how 
we try to reduce air pollution exposure and potentially limit its effect on 
children and young people’s lungs. 
12. What happens when the research study stops? 
Your child’s samples will be disposed of and his/her anonymised data will be 
analysed and published in a medical journal. 
13. What if there is a problem? 
If you have a concern about any aspect of this study, you should ask to speak 
with the researchers who will do their best to answer your question.  Our 
contact details can be found at the bottom of this sheet. If you and/or your 
child remain unhappy and wish to complain formally, you can do this 
through the NHS Complaints Procedure or contact Patient Advice and 
Liaison Service (PALS)  (details are at the end of this sheet). 
Queen Mary University of London has agreed that if your child is harmed as 
a result of his/her participation in the study, he/she will be compensated, 
provided that, on the balance of probabilities, an injury was caused as a 
direct result of the intervention or procedures he/she received during the 
course of the study. These special compensation arrangements apply where 
an injury is caused to him/her that would not have occurred if you were not 

Pollution Monitoring Badge 
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in the study. These arrangements do not affect your right to pursue a claim 
through legal action. 
14. Will my child’s taking part in this study be kept confidential? 
Yes.  All the information about your child’s participation in this study will be 
kept confidential.  The details are included in Part 2. 
This completes Part 1 of the Information Sheet. 
If the information in Part 1 has interested you and your child and he/she 
would like to participate, please continue to read the additional information 
in Part 2 before making any decision. 

 
 
PART 2 
15.  What if new information becomes available? 
Sometimes during the course of a study, new information becomes available 
on the procedures that are being studied (such as new techniques for taking 
samples). If this happens, we will tell you about it and discuss with you 
whether you want your child to continue in the study. If your child decides 
to withdraw, he/she will suffer no adverse effects as a result. If your child 
decides to continue in the study, you will be asked to sign an updated 
consent form. 
On receiving new information, we might consider it to be in your child’s best 
interests to withdraw him/her from the study. If so, we will explain the 
reasons and arrange for his/her care to continue. 
If the study is stopped for any other reason, you will be told why. 
16. Will my child’s part in this study be kept confidential? 
Your child will be allocated a participant ID, which will be used as a code to 
identify him/her on all study forms and samples. The participant ID, address 
and contact email/telephone numbers will be recorded for the purpose of 
pollution exposure monitoring. Data will be stored in paper and electronic 
formats - all de-identified and securely stored within the research institute.  
If you consent for your child to take part in this study, the records obtained 
while he/she is in this study as well as related health records will remain 
strictly confidential at all times. Your child’s medical notes will only be 
reviewed by doctors, nurses and researchers who are authorised to work on 
this study. The information will be held securely on paper and electronically 
at the research centre and the Royal London Hospital under the provisions 
of the 2018 Data Protection Act. Your child’s name will not be passed to 
anyone else outside the research team or the sponsor, who is not involved 
in the study.  
Data generated will be analysed by the research team at the Blizard institute. 
Data will be securely locked and only accessed by the research team. Your 
child’s sample records will be available to people authorised to work on the 
study but may also need to be made available to people authorised by the 
Research Sponsor, which is the organisation responsible for ensuring that 
the study is carried out correctly.  
The information collected about your child may also be shown to authorised 
people from the UK Regulatory Authority; this is to ensure that the study is 
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carried out to the highest possible scientific standards.  All will have a duty 
of confidentiality to your child as a research participant. 
If you withdraw consent from further study involvement, we will seek your 
permission to include your child’s sample results within the study.  We will 
not do so without your permission. Unless you object, your child’s data and 
samples will remain on file and will be included in the final study analysis. 
Research data will be stored in a secured area within the Blizard institute. 
The data will only be accessed by the Chief Investigator following the 
completion of the study. In line with Good Clinical Practice guidelines, at the 
end of the study, your child’s data will be securely archived for a minimum 
of 20 years. Arrangements for confidential destruction will then be made.  
17.  What will happen to any samples I give? 
Samples will be stored anonymously and processed as stated above, within 
the Blizard Institute. 
The pollution monitoring badge will be analysed in Sweden (IVL Swedish 
Environmental Research Institute Ltd, P.O. Box 53021, SE-400 14 
Gothenburg, Sweden). No samples will be sent to this location. The devices 
will only have anonymised data prior to transport. 
All samples will be discarded at the end of the study (if not already discarded 
at the end of the intended analysis). 
18. What will happen to the results of this study? 
The results of the study will be available after it finishes and will usually be 
published in a medical journal or be presented at a scientific conference. The 
data will be anonymous and none of the children/ young people involved 
will be identified in any report or publication. Should you wish to see the 
results, or the publication, please ask your study doctor.  
A summary sheet of the findings will be made available to participants 
following the close of the study. Data collected may be used to help develop 
Trust-wide guidelines on reducing air pollution exposure in children. 
19. Who is organising and funding this study? 
The study is sponsored by Queen Mary University of London, and it is funded 
by The Medical College of Saint Bartholomew’s Hospital Trust (http://barts-
londonschooltrust.org.uk/) 
20. Who has reviewed the study? 
Before any research goes ahead it has to be checked by an independent 
Research Ethics Committee. They make sure that the research is fair. This 
project has been checked by London Bloomsbury (REC reference: 
17/LO/1752) 
21. Contact for further information 
You and your child are encouraged to ask any questions you wish, before, 
during or after your participation. If you or your child have any questions 
about the study, please speak to the research team, who will be able to 
provide you with up to date information about the procedures involved. If 
you wish to read the research on which this study is based, please ask your 
research team. If you or your child require any further information or have 
any concerns while your child is taking part in the study please contact the 
research team (contact details are at the end of this sheet). 
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If you decide that you would like your child to take part then please read and 
sign the consent form, which will be the only document linking your child’s 
name to the participant ID. You will be given a copy of this information sheet 
and the consent form to keep. One copy of the consent form will be given to 
you, one copy to be stored in medical records and one copy to be kept within 
the investigator's site file located at Blizard Institute (Queen Mary University 
of London). The investigator site file will be securely locked and only 
accessed by the research doctors.  
Thank you for taking the time to read this information sheet and considering 
this study. 
Research Team: 
Chief Investigator: 
Professor Jonathan Grigg, 07787 550775, j.grigg@qmul.ac.uk 
 
Clinical Research Fellow: 
Dr. Gary Foley, 07947957206, g.foley@qmul.ac.uk  
 

For advice about taking part in research in the NHS: 
INVOLVE 
Wessex House 
Upper Market Street 
Eastleigh 
Hampshire 
SO50 9FD 
Telephone: 023 8065 1088 
Textphone: 023 8062 6239 
Fax: 023 8065 2885 
Email: admin@invo.org.uk 
For advice about research and patient issues at The Royal London Hospital, Barts 
Health NHS Trust: 
 
Patient Advice and Liaison Service (PALS):  
Ground Floor, Front Block  
The Royal London Hospital  
Whitechapel Road  
London E1 1BB   
Tel: 020 7943 1335 
Fax: 020 7377 7361 
Minicom:  020 7943 1350  

• E-mail:  RLHpals.bartshealth@nhs.net 
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PARTICIPANT INFORMATION SHEET – for Parents/Guardians (Groups 4-5) 
REC reference: 17/LO/1752 

IRAS number: 227903 

Name of researcher: Professor Jonathan Grigg 
PART 1 
1. Invitation 
Your child is being invited to take part in a research study.   Before you and 
your child decide whether or not to take part, it is important for you to 
understand why the research is being done and what it will involve. Please 
take time to read the following information carefully, and discuss it with 
others if you wish.  
PART 1 tells you the purpose of this study and what will happen to your child 
if he/she takes part. 
PART 2 gives you more detailed information about the conduct of the study. 
Please ask us if there is anything that is not clear, or if you would like more 
information. Take time to decide whether or not you wish to take part. 
2. What is the purpose of the study? 
xiii. This study will look at a molecule called PAFR (platelet activating factor 

receptor) in the cells lining the inner nose in children and young people 
with 1) asthma, 2) sickle cell disease 3) children diagnosed with pneumonia 
and 4) children without these conditions.  

xiv. We would also like to monitor exposure to air pollution in children and 
young people who participate in the study, as this can affect PAFR levels.  

xv. If there is a difference in PAFR levels in the nose cells of these 4 groups, this 
may mean that those with more PAFR levels are at a higher risk of bacterial 
infections, especially one bug called Streptococcus pneumoniae. 

xvi. We will report our findings to the scientific community, and this may help 
improve prevention and treatment of infections in the future.  
 

3. Why has my child been chosen?  
Your child has been asked to take part because he or she is generally healthy 
and lives in London, where this study is being held. 
4. Does my child have to take part? 
No. It is up to you and your child to decide whether or not to take part. If 
you and your child decide that he/she would like to take part, then you will 
be given this information sheet to keep and be asked to sign a consent form, 
to confirm that you understand what is involved when taking part in this 
study. Your child will also be asked to sign an assent form if he/she can do 
so. If you and your child decide to take part, you are free to leave the study 
at any time and without giving a reason. If your child withdraws, unless you 
object, we will still keep records relating to his/her participation up to that 
point, as this is valuable to the study. A decision to withdraw at any time, or 
a decision not to take part, will not affect the quality of any care he/she may 
require from us in the future. 
5.  What will happen to my child if he/she takes part? 
If you and your child are interested in taking part, a trained researcher, nurse 
or doctor will arrange a time to meet you at the Royal London Hospital.. We 
will review your child’s medical record for information such as previous 
infections, medications, hospital admissions.  
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When we meet you and your child at the Royal London Hospital,  
xxi. We will ask you several questions regarding his/her medical history and 

demographic details 
xxii. A trained researcher, doctor or nurse will take a sample of cells from the 

inside lining of your child’s nose using a sterile, plastic probe. This sample 
will then be securely transported for storage and analysis at the Blizard 
Institute, where our laboratory is based.  

xxiii. We will ask your child to carry a small air pollution monitor for 24 hours 
xxiv. We will ask to place a small pollution monitoring badge in your home to 

detect indoor pollution exposure. 

 
If you choose to participate, your child will be active in our study for a 
total of one month.  

 
6.  What is the procedure that is being tested? 
A doctor, researcher or nurse will gently press a sterile, plastic, disposable 
probe, called a Rhinoprobe or dental brush, against the inside of your child’s 
nostril. The probe has a tiny scoop on the end of it and the brush has small 
bristles which will allow us to collect a sample of the cells that line the inside 
of your child’s nose. The both cause minimal to no discomfort.  

             Rhinoprobe   

 Dental Brush 
Carrying a pollution monitor is simple – we have small pollution monitors 
that are about the size of a small juice carton. They have a hose coming out 
of them that sucks in air and measures how much soot there is in the air 
around you. We ask your child it with them for 24 hours. We will ask you and 
your child to fill in a travel/activity diary to get an accurate picture of when 
and where you are exposed to air pollution.  
 
 
 
 
 

We will also ask you to place a pollution 
monitoring badge in your home. This badge 
is the size on a 10 pence piece. There are no 
special instructions for looking after the 
badge but it should remain for 2 weeks. It will 
be used to detect any indoor pollution 
exposure (e.g. cigarette smoke, cooking 

Pollution Monitoring Badge 
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fumes). If it gets lost, please inform the 
research team 

 
7. What do my child and I have to do?  
If you and your child agree to take part, please let your child’s care team or 
our research team know. We will contact you, explain the project to you and 
your child in more detail and you can ask us any questions you might have.    
8. What are the side effects of any treatment received when taking 
part? 
The probe we use to collect nose cells causes minimal to no discomfort. Very 
occasionally it can cause a tiny amount of bleeding, which we don’t expect 
to happen or cause harm. Our researchers and medical staff will be at hand 
to treat your child if required.  
9. What are other possible disadvantages and risks of taking part? 
Care should be taken when placing the monitoring badge, in order to avoid 
accidental swallowing hazard.  
11. What are the possible benefits of taking part?  
You will learn more about when and where your child comes across air 
pollution. We cannot promise the study will help your child but the 
information we get might help us understand how air pollution affects cells 
of the airways in children and young people at higher risk of infections- such 
as those with asthma and sickle cell disease. This study may influence how 
we try to reduce air pollution exposure and potentially limit its effect on 
children and young people’s lungs. 
12. What happens when the research study stops? 
Your child’s samples will be disposed of and his/her anonymised data will be 
analysed and published in a medical journal. 
13. What if there is a problem? 
If you have a concern about any aspect of this study, you should ask to speak 
with the researchers who will do their best to answer your question.  Our 
contact details can be found at the bottom of this sheet. If you and/or your 
child remain unhappy and wish to complain formally, you can do this 
through the NHS Complaints Procedure or contact Patient Advice and 
Liaison Service (PALS)  (details are at the end of this sheet). 
Queen Mary University of London has agreed that if your child is harmed as 
a result of his/her participation in the study, he/she will be compensated, 
provided that, on the balance of probabilities, an injury was caused as a 
direct result of the intervention or procedures he/she received during the 
course of the study. These special compensation arrangements apply where 
an injury is caused to him/her that would not have occurred if you were not 
in the study. These arrangements do not affect your right to pursue a claim 
through legal action. 
14. Will my child’s taking part in this study be kept confidential? 
Yes.  All the information about your child’s participation in this study will be 
kept confidential.  The details are included in Part 2. 
This completes Part 1 of the Information Sheet. 
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If the information in Part 1 has interested you and your child and he/she 
would like to participate, please continue to read the additional information 
in Part 2 before making any decision. 

 
 
 
PART 2 
15.  What if new information becomes available? 
Sometimes during the course of a study, new information becomes available 
on the procedures that are being studied (such as new techniques for taking 
samples). If this happens, we will tell you about it and discuss with you 
whether you want your child to continue in the study. If your child decides 
to withdraw, he/she will suffer no adverse effects as a result. If your child 
decides to continue in the study, you will be asked to sign an updated 
consent form. 
On receiving new information, we might consider it to be in your child’s best 
interests to withdraw him/her from the study. If so, we will explain the 
reasons and arrange for his/her care to continue. 
If the study is stopped for any other reason, you will be told why. 
16. Will my child’s part in this study be kept confidential? 
Your child will be allocated a participant ID, which will be used as a code to 
identify him/her on all study forms and samples. The participant ID, address 
and contact email/telephone numbers will be recorded for the purpose of 
pollution exposure monitoring. Data will be stored in paper and electronic 
formats - all de-identified and securely stored within the research institute.  
If you consent for your child to take part in this study, the records obtained 
while he/she is in this study as well as related health records will remain 
strictly confidential at all times. Your child’s medical notes will only be 
reviewed by doctors, nurses and researchers who are authorised to work on 
this study. The information will be held securely on paper and electronically 
at the research centre and the Royal London Hospital under the provisions 
of the 2018 Data Protection Act. Your child’s name will not be passed to 
anyone else outside the research team or the sponsor, who is not involved 
in the study.  
Data generated will be analysed by the research team at the Blizard institute. 
Data will be securely locked and only accessed by the research team. Your 
child’s sample records will be available to people authorised to work on the 
study but may also need to be made available to people authorised by the 
Research Sponsor, which is the organisation responsible for ensuring that 
the study is carried out correctly.  
The information collected about your child may also be shown to authorised 
people from the UK Regulatory Authority; this is to ensure that the study is 
carried out to the highest possible scientific standards.  All will have a duty 
of confidentiality to your child as a research participant. 
If you withdraw consent from further study involvement, we will seek your 
permission to include your child’s sample results within the study.  We will 
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not do so without your permission. Unless you object, your child’s data and 
samples will remain on file and will be included in the final study analysis. 
Research data will be stored in a secured area within the Blizard institute. 
The data will only be accessed by the Chief Investigator following the 
completion of the study. In line with Good Clinical Practice guidelines, at the 
end of the study, your child’s data will be securely archived for a minimum 
of 20 years. Arrangements for confidential destruction will then be made.  
17.  What will happen to any samples I give? 
Samples will be stored anonymously and processed as stated above, within 
the Blizard Institute. 
The pollution monitoring badges will be analysed in Sweden (IVL Swedish 
Environmental Research Institute Ltd, P.O. Box 53021, SE-400 14 
Gothenburg, Sweden). No samples will be sent to this location. The devices 
will only have anonymised data prior to transport. 
All samples will be discarded at the end of the study (if not already discarded 
at the end of the intended analysis). 
18. What will happen to the results of this study? 
The results of the study will be available after it finishes and will usually be 
published in a medical journal or be presented at a scientific conference. The 
data will be anonymous and none of the children/ young people involved 
will be identified in any report or publication. Should you wish to see the 
results, or the publication, please ask your study doctor.  
A summary sheet of the findings will be made available to participants 
following the close of the study. Data collected may be used to help develop 
Trust-wide guidelines on reducing air pollution exposure in children.19.
 Who is organising and funding this study? 
The study is sponsored by Queen Mary University of London, and it is funded 
by The Medical College of Saint Bartholomew’s Hospital Trust (http://barts-
londonschooltrust.org.uk/) 
20. Who has reviewed the study? 
Before any research goes ahead it has to be checked by an independent 
Research Ethics Committee. They make sure that the research is fair. This 
project has been checked by London Bloomsbury (REC reference: 
17/LO/1752) 
21. Contact for further information 
You and your child are encouraged to ask any questions you wish, before, 
during or after your participation. If you or your child have any questions 
about the study, please speak to the research team, who will be able to 
provide you with up to date information about the procedures involved. If 
you wish to read the research on which this study is based, please ask your 
research team. If you or your child require any further information or have 
any concerns while your child is taking part in the study please contact the 
research team (contact details are at the end of this sheet). 
If you decide that you would like your child to take part then please read and 
sign the consent form, which will be the only document linking your child’s 
name to the participant ID. You will be given a copy of this information sheet 
and the consent form to keep. One copy of the consent form will be given to 
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you, one copy to be stored in medical records and one copy to be kept within 
the investigator's site file located at Blizard Institute (Queen Mary University 
of London). The investigator site file will be securely locked and only 
accessed by the research doctors.  
Thank you for taking the time to read this information sheet and considering 
this study. 
Research Team: 
Chief Investigator: 
Professor Jonathan Grigg, 07787 550775, j.grigg@qmul.ac.uk 
 
Clinical Research Fellow: 
Dr. Gary Foley, 07947957206, g.foley@qmul.ac.uk  
 
 

For advice about taking part in research in the NHS: 
INVOLVE 
Wessex House 
Upper Market Street 
Eastleigh 
Hampshire 
SO50 9FD 
Telephone: 023 8065 1088 
Textphone: 023 8062 6239 
Fax: 023 8065 2885 
Email: admin@invo.org.uk 
For advice about research and patient issues at The Royal London Hospital, Barts 
Health NHS Trust: 
 
Patient Advice and Liaison Service (PALS):  
Ground Floor, Front Block  
The Royal London Hospital  
Whitechapel Road  
London E1 1BB   
Tel: 020 7943 1335 
Fax: 020 7377 7361 
Minicom:  020 7943 1350  

• E-mail:  RLHpals.bartshealth@nhs.net  
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Appendix F – Assent and consent forms 
 

i) Assent form age 11 - 15 years  
 

REC reference:  
IRAS number: 227903 

Name of researcher: Professor Jonathan Grigg 

 

Participant ID: __________________ 

ASSENT FORM 

   Please 

tick  

1 
I have read the information sheet dated ……. version 

………for the above study. 
 

2 Somebody else explained this project to me.  

3 I understand what this project is about.  

4 I have asked all the questions I want to.  

5 I understand the answers to my questions.  

6 I understand it is OK to stop taking part at any time.  

7 
I am happy to carry a monitor that measures air 

pollution 
 

8 
I am happy to take part. I am happy for someone to 

take a sample of cells from my nose 
 

      

If you want to take part in the project, please write your name and 

today’s date.                  
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Name of Child   Signature   Date  

 

Thank you so much for your help!! ☺ 
 

 

          

   

Name of Researcher   Signature  

 Date  
 

 

 

ii) Consent form for parents to sign on behalf of the child for 

experimental and control groups.  
 

PAFR in Health and Disease 
REC reference:           IRAS number: 227903 
Name of researcher: Professor Jonathan Grigg 
Participant ID: __________________ 

CONSENT FORM (Parents) 

   Please initial 
all boxes 

1 

I confirm that I have read and understood the information sheet 
dated …………………  version ……….  for the above study. I have had 
the opportunity to consider the information, ask questions and 
have had these answered satisfactorily. 

  

2 
I understand that my child’s participation is voluntary and that I am 
free to withdraw him or her from the study at any time, without 
giving a reason, and without our care or legal rights being affected. 

  

3 

I understand that relevant sections of my child’s medical notes and 
data collected during the study may be looked at by research 
doctors from Queen Mary University London, from regulatory 
authorities or from the NHS Trust, where it is relevant for my taking 
part in this research. I give permission for these doctors to have 
access my child’s records. 

  

4 
I agree to answer some questions regarding my child’s medical 
background. 
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5 
I agree to a sample of nasal cells being collected from my child. I 
understand that samples will be anonymised and securely stored 
within the Blizard Institute  

 

6 

I agree to my child using pollution monitors, to evaluate his or her 
personal exposure to air pollution. I understand the monitor badge 
will be analysed in a laboratory in Sweden but the device will only 
have anonymised data prior to transport. 

 

7 
I agree for my child to take part in this study. I understand that my 
child will be assigned a Participant ID which will be used to identify 
him or her within the study. 

 

 

      ___________________ 

Name of Child     Relationship to child 

 

   ____________     

 ________________ 

Name of mother/father/legal guardian   Signature  
 Date  
 
 
 
 
          

  ___ 

Name of Researcher    Signature  
 Date  
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Appendix G – HRA letter of approval and submitted 

documents 
 

  
  
Professor Jonathan Grigg  

Professor of Paediatric Respiratory Medicine  

Queen Mary, University of London  

Blizard Institute  

Newark Street  

London  

E1 2AT  

Email: hra.approval@nhs.net  

  

31 October 2017  

  

Dear Professor Grigg 

Letter of 

HRA 

Approval 

Study title: PAFR Expression 

and 

Streptococcus 

pneumoniae 

adhesion to 

nasal epithelial 

cells in Health 

and Disease; a 

crosssectional 

study 
IRAS 

project ID: 
227903 

REC 

reference: 
17/LO/1752 

Sponsor Queen Mary 

University of 

London 

 

I am pleased to confirm that HRA Approval has been given for the above 
referenced study, on the basis described in the application form, protocol, 
supporting documentation and any clarifications noted in this letter. 
 

Participation of NHS Organisations in England   
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The sponsor should now provide a copy of this letter to all participating NHS 
organisations in England.   
  

Appendix B provides important information for sponsors and participating 
NHS organisations in England for arranging and confirming capacity and 
capability. Please read Appendix B carefully, in particular the following 
sections:  

• Participating NHS organisations in England – this clarifies the 

types of participating organisations in the study and whether or not 

all organisations will be undertaking the same activities  

• Confirmation of capacity and capability - this confirms whether or 

not each type of participating NHS organisation in England is 

expected to give formal confirmation of capacity and capability. 

Where formal confirmation is not expected, the section also provides 

details on the time limit given to participating organisations to opt 

out of the study, or request additional time, before their 

participation is assumed.  

• Allocation of responsibilities and rights are agreed and 

documented (4.1 of HRA assessment criteria) - this provides 

detail on the form of agreement to be used in the study to confirm 

capacity and capability, where applicable.  

Further information on funding, HR processes, and compliance with HRA 
criteria and standards is also provided.  

Page 1 of 8  
  

It is critical that you involve both the research management function (e.g. 
R&D office) supporting each organisation and the local research team 
(where there is one) in setting up your study. Contact details and further 
information about working with the research management function for each 
organisation can be accessed from www.hra.nhs.uk/hra-approval.   
  

Appendices  
The HRA Approval letter contains the following appendices:  

• A – List of documents reviewed during HRA assessment  

• B – Summary of HRA assessment  

  

After HRA Approval  
The document “After Ethical Review – guidance for sponsors and 

investigators”, issued with your REC favourable opinion, gives detailed 
guidance on reporting expectations for studies, including:   

• Registration of research  

• Notifying amendments  

http://www.hra.nhs.uk/hra-approval
http://www.hra.nhs.uk/hra-approval
http://www.hra.nhs.uk/hra-approval
http://www.hra.nhs.uk/hra-approval
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• Notifying the end of the study  

The HRA website also provides guidance on these topics, and is updated in 
the light of changes in reporting expectations or procedures.  
  

In addition to the guidance in the above, please note the following:  
• HRA Approval applies for the duration of your REC favourable 

opinion, unless otherwise notified in writing by the HRA.  

• Substantial amendments should be submitted directly to the 

Research Ethics Committee, as detailed in the After Ethical Review 

document. Non-substantial amendments should be submitted for 

review by the HRA using the form provided on the HRA website, and 

emailed to hra.amendments@nhs.net.   

• The HRA will categorise amendments (substantial and non-

substantial) and issue confirmation of continued HRA Approval. 

Further details can be found on the HRA website.  

  

Scope   
HRA Approval provides an approval for research involving patients or staff 
in NHS organisations in England.   
  

If your study involves NHS organisations in other countries in the UK, please 
contact the relevant national coordinating functions for support and advice. 
Further information can be found at 
http://www.hra.nhs.uk/resources/applying-for-reviews/nhs-hsc-rd-
review/.  
   

If there are participating non-NHS organisations, local agreement should be 
obtained in accordance with the procedures of the local participating non-
NHS organisation.  
  

User Feedback  
The Health Research Authority is continually striving to provide a high 
quality service to all applicants and sponsors. You are invited to give your 
view of the service you have received and the application procedure. If you 
wish to make your views known please use the feedback form available on 
the HRA website: http://www.hra.nhs.uk/about-the-
hra/governance/quality-assurance/.  
  

HRA Training  
We are pleased to welcome researchers and research management staff at 
our training days – see details at http://www.hra.nhs.uk/hra-training/   
  

Your IRAS project ID is 227903. Please quote this on all correspondence.  

http://www.hra.nhs.uk/documents/2014/11/notification-non-substantialminor-amendmentss-nhs-studies.docx
http://www.hra.nhs.uk/documents/2014/11/notification-non-substantialminor-amendmentss-nhs-studies.docx
http://www.hra.nhs.uk/resources/hra-approval-applicant-guidance/during-your-study-with-hra-approval/
http://www.hra.nhs.uk/resources/hra-approval-applicant-guidance/during-your-study-with-hra-approval/
http://www.hra.nhs.uk/resources/applying-for-reviews/nhs-hsc-rd-review/
http://www.hra.nhs.uk/resources/applying-for-reviews/nhs-hsc-rd-review/
http://www.hra.nhs.uk/resources/applying-for-reviews/nhs-hsc-rd-review/
http://www.hra.nhs.uk/resources/applying-for-reviews/nhs-hsc-rd-review/
http://www.hra.nhs.uk/resources/applying-for-reviews/nhs-hsc-rd-review/
http://www.hra.nhs.uk/resources/applying-for-reviews/nhs-hsc-rd-review/
http://www.hra.nhs.uk/resources/applying-for-reviews/nhs-hsc-rd-review/
http://www.hra.nhs.uk/resources/applying-for-reviews/nhs-hsc-rd-review/
http://www.hra.nhs.uk/resources/applying-for-reviews/nhs-hsc-rd-review/
http://www.hra.nhs.uk/resources/applying-for-reviews/nhs-hsc-rd-review/
http://www.hra.nhs.uk/resources/applying-for-reviews/nhs-hsc-rd-review/
http://www.hra.nhs.uk/resources/applying-for-reviews/nhs-hsc-rd-review/
http://www.hra.nhs.uk/resources/applying-for-reviews/nhs-hsc-rd-review/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/hra-training/
http://www.hra.nhs.uk/hra-training/
http://www.hra.nhs.uk/hra-training/
http://www.hra.nhs.uk/hra-training/
http://www.hra.nhs.uk/hra-training/
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Yours sincerely,  
  

Natalie Wilson  
Assessor  
  

Email: hra.approval@nhs.net   

  

  

  

Copy to:        Dr Sally Burtles, Joint Research Management Office, 

Sponsor contact  
Ms Elizabeth Clough, Barts Health NHS Trust, Lead NHS 

R&D contact  

    

      

Appendix A - List of Documents  

  

The final document set assessed and approved by HRA Approval is listed 
below.    
  

 Document    Version    Date    

Copies of advertisement materials for research participants [PAFR poster]   1.1   21 September 2017  

Evidence of Sponsor insurance or indemnity (non NHS Sponsors only) 

[Indemnity]   
1.0   21 September 2017  

GP/consultant information sheets or letters [GP letter]   1.1   21 September 2017  

IRAS Application Form [IRAS_Form_27092017]      27 September 2017  

Letter from funder [Funder's confirmation email]      14 September 2017  

Letter from sponsor [Sponsorship letter]   1.0   21 September 2017  

Other [GCP of CI]      10 July 2017   

Other [Lone working policy]         

Other [Costing]         

Other [Researcher Validation Response]      28 September 2017  

Other [CRF]   1.1   05 May 2017   

Participant consent form [Assent 11-15]   1.3   21 September 2017  

Participant consent form [Assent up to 10]   1.3   21 September 2017  

Participant consent form [Consent 16+]   1.3   21 September 2017  

Participant consent form [Consent under 16]   1.3   21 September 2017  
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Participant information sheet (PIS) [PAFR child info sheet (11-15y) (Groups 

1-3) ]   
1.4   30 October 2017   

Participant information sheet (PIS) [PAFR child info sheet (11-15y) (Groups 

4-5) ]   
1.4   30 October 2017   

Participant information sheet (PIS) [PAFR child info sheet (up to 10y) 

(Groups 1-3) ]   
1.4   30 October 2017   

Participant information sheet (PIS) [PAFR child info sheet (up to 10y) 

(Groups 4-5)]   
1.4   30 October 2017   

Participant information sheet (PIS) [PAFR PIS 16y+ (Groups 1-3) ]   1.4   30 October 2017   

Participant information sheet (PIS) [PAFR PIS 16y+ (Groups 4-5)]   1.4   30 October 2017   

Participant information sheet (PIS) [PAFR PIS Parents (Groups 1-3)  
]   

1.4   30 October 2017   

Participant information sheet (PIS) [PAFR PIS Parents (Groups 4- 
5)]   

1.4   30 October 2017   

Referee's report or other scientific critique report [Peer review]   1.0   06 September 2017  

Research protocol or project proposal [PAFR protocol ]   1.6   09 August 2017   

Sample diary card/patient card [Activity diary]   1.0   12 May 2017   

Summary CV for Chief Investigator (CI) [CI CV]   1.0   20 September 2017  

   

   
Appendix B - Summary of HRA Assessment  
  

This appendix provides assurance to you, the sponsor and the NHS in 
England that the study, as reviewed for HRA Approval, is compliant with 
relevant standards. It also provides information and clarification, where 
appropriate, to participating NHS organisations in England to assist in 
assessing and arranging capacity and capability.  

For information on how the sponsor should be working with participating 
NHS organisations in  
England, please refer to the, participating NHS organisations, 

capacity and capability and Allocation of responsibilities and 

rights are agreed and documented (4.1 of HRA assessment 

criteria) sections in this appendix.   

The following person is the sponsor contact for the purpose of addressing 
participating organisation questions relating to the study:  
  

Name:  Norrice Liu   
Email:  n.liu@qmul.ac.uk  
  

HRA assessment criteria   
Section  HRA Assessment Criteria  Compliant with 

Standards  
Comments  
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1.1  IRAS application completed 

correctly  

Yes  No comments   

        

2.1  Participant information/consent 

documents and consent process  

Yes  PIS documents have been 

updated post-REC to ensure 

conformity to HRA standards. 

Current documents are listed 

in appendix A.  

        

3.1  Protocol assessment  Yes  No comments  

        

4.1  Allocation of responsibilities and 

rights are agreed and documented   

Yes  Sponsor has confirmed that 

the monitoring devices are 

owned by Queen Mary 

University of London (Blizard 

Institute). They are regularly 

serviced on a 1-2 yearly basis. 

Queen  

Mary University of London 

(Blizard Institute) will be liable 

for any problem/damage.      

This is a non-commercial, 

single site study taking place 

in the NHS where the single 

participating NHS  

Section  HRA Assessment Criteria  Compliant with 

Standards  
Comments  

   organisation is part of a JRO 

with Sponsor. Therefore, no 

study agreements are 

expected.  

4.2  Insurance/indemnity 

arrangements assessed  

Yes  Where applicable, 

independent contractors (e.g. 

General Practitioners) should 

ensure that the professional 

indemnity provided by their 

medical defence organisation 

covers the activities expected 

of them for this research 

study  

4.3  Financial arrangements assessed   Yes  Funding for the research is 

being provided by Barts 

Trustees.  
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5.1  Compliance with the Data 

Protection Act and data security 

issues assessed  

Yes  No comments  

5.2  CTIMPS – Arrangements for 

compliance with the Clinical Trials 

Regulations assessed  

Not Applicable    

5.3  Compliance with any applicable 

laws or regulations  

Yes  Sponsor has confirmed that 

the Institute is affiliated with 

Barts NHS Trust. No MTA is 

needed for transfer of 

samples between the hospital 

and the Institute.  

        

6.1  NHS Research Ethics  

Committee favourable opinion 

received for applicable studies  

Yes  

  

No comments  

6.2  CTIMPS – Clinical Trials 

Authorisation (CTA) letter received  

Not Applicable    

6.3  Devices – MHRA notice of no 

objection received  

Not Applicable    

6.4  Other regulatory approvals and 

authorisations received  

Not Applicable    

  

  

Participating NHS Organisations in England  
This provides detail on the types of participating NHS organisations in the study and a statement 

as to whether the activities at all organisations are the same or different.   



268 
 

This is a non-commercial, single site study. Therefore, only one site-type is involved in the 

research. Activities and procedures as described in the protocol will take place at participating 

NHS organisations.  

  

If this study is subsequently extended to other NHS organisation(s) in England, an amendment 

should be submitted to the HRA, with a Statement of Activities and Schedule of Events for the 

newly participating NHS organisation(s) in England.   

  

The Chief Investigator or sponsor should share relevant study documents with participating NHS 

organisations in England in order to put arrangements in place to deliver the study. The 

documents should be sent to both the local study team, where applicable, and the office 

providing the research management function at the participating organisation. For NIHR CRN 

Portfolio studies, the Local LCRN contact should also be copied into this correspondence.  For 

further guidance on working with participating NHS organisations please see the HRA website.  

  

If chief investigators, sponsors or principal investigators are asked to complete site level forms 

for participating NHS organisations in England which are not provided in IRAS or on the HRA 

website, the chief investigator, sponsor or principal investigator should notify the HRA 

immediately at hra.approval@nhs.net. The HRA will work with these organisations to achieve a 

consistent approach to information provision.   

  

Confirmation of Capacity and Capability   
This describes whether formal confirmation of capacity and capability is expected from participating NHS 

organisations in England.  

This is a single site study where sponsor is part of a JRO with the single participating NHS organisation. 

The R&D office will confirm to the CI when the study can start.  

  

Principal Investigator Suitability  
This confirms whether the sponsor position on whether a PI, LC or neither should be in place is correct 

for each type of participating NHS organisation in England and the minimum expectations for education, 

training and experience that PIs should meet (where applicable).  

A Principal Investigator (PI) is expected at participating NHS organisations.  

  

Sponsor has confirmed that no specific or additional training is expected for research staff.  

  

GCP training is not a generic training expectation, in line with the HRA statement on training 

expectations.  

  

HR Good Practice Resource Pack Expectations  

This confirms the HR Good Practice Resource Pack expectations for the study and 

the pre-engagement checks  
that should and should not be undertaken  

http://www.hra.nhs.uk/resources/before-you-apply/roles-and-responsibilties/researcher-suitability-and-training/
http://www.hra.nhs.uk/resources/before-you-apply/roles-and-responsibilties/researcher-suitability-and-training/
http://www.hra.nhs.uk/resources/before-you-apply/roles-and-responsibilties/researcher-suitability-and-training/
http://www.hra.nhs.uk/resources/before-you-apply/roles-and-responsibilties/researcher-suitability-and-training/
http://www.hra.nhs.uk/resources/before-you-apply/roles-and-responsibilties/researcher-suitability-and-training/
http://www.hra.nhs.uk/resources/before-you-apply/roles-and-responsibilties/researcher-suitability-and-training/
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No Honorary Research Contracts, Letters of Access or pre-engagement checks are expected for local 

staff employed by the participating NHS organisations. Where arrangements are not already in place, 

research staff not employed by the NHS host organisation undertaking any of the research activities 

listed in the research application would be expected to obtain an honorary research contract. This 

would be on the basis of a Research Passport (if university employed) or an NHS to NHS confirmation 

of pre-engagement checks letter (if NHS employed).  These should confirm enhanced DBS checks, 

including appropriate barred list checks, and occupational health clearance.  For research team 

members only administering questionnaires or surveys, a Letter of Access based on standard DBS 

checks and occupational health clearance would be appropriate.  

  

Other Information to Aid Study Set-up   

This details any other information that may be helpful to sponsors and participating NHS organisations 

in England to aid study set-up.  

The applicant has indicated that they do not intend to apply for inclusion on the NIHR CRN Portfolio.  
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Appendix H – REC favourable approval letters, 

including amendments 
 

  

London - Bloomsbury Research Ethics Committee  
HRA RES Centre Manchester  
Barlow House 3rd Floor  
4 Minshull Street  
Manchester  
M1 3DZ  
  
Tel: 0207 104 8002  
  
 Please note: This is the  favourable 
opinion of the REC  only and does not 
allow the  amendment to be 

implemented   
 

at NHS sites in 
England until 

 
the outcome of the HRA   

assessment has been  confirmed.   
03 April 2018  
  
Dr. Gary Foley  
Clinical Research Fellow / Specialist Registrar in Paediatrics  
Centre for Genomics and Child Health  
Blizard Institute  
4 Newark Street  
Whitechapel  
London  
E1 2AT  
  
  
Dear Dr Foley  
  
Study title:  PAFR Expression and Streptococcus pneumoniae 

adhesion to nasal epithelial cells in Health and Disease; a 
cross-sectional study  

REC reference:  17/LO/1752  
Amendment number:  Amendment 1.1  
Amendment date:  22 February 2018  
IRAS project ID:  227903  

  
The above amendment was reviewed by the Sub-Committee in 

correspondence.   
  
Ethical opinion  
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Approval was sought for an addition of a study group to the research.  
  
The trial objectives had also been updated.  
  
A revised Protocol and Information Sheets were also submitted as part of the 

amendment.  
  
There were no ethical issues raised.  
  
The members of the Committee taking part in the review gave a favourable 

ethical opinion of the amendment on the basis described in the notice of 

amendment form and supporting documentation.  
  
Approved documents  
  
The documents reviewed and approved at the meeting were:  
  
Document    Version    Date    

Copies of advertisement materials for research participants 
[Poster]   

1.2   07 March 2018   

Covering letter on headed paper      22 February 2018  

Notice of Substantial Amendment (non-CTIMP)   Amendment 
1.1   

 22 February 2018  

Participant information sheet (PIS) [Children - 11-15 years 
(groups 1-3)]   

1.4   07 March 2018   

Participant information sheet (PIS) [Children - 11-15 years 
(groups 4-5))]   

1.4   07 March 2018   

Participant information sheet (PIS) [16 year olds (Groups 1-3)]  1.4   07 March 2018   

Participant information sheet (PIS) [16 year olds (Groups 4-5)]  1.4   07 March 2018   

Participant information sheet (PIS) [Parents (Groups 1-3)]   1.4   07 March 2018   

Participant information sheet (PIS) [Parents (Groups 4-5)]   1.4   07 March 2018   

Research protocol or project proposal   1.7   22 February 2018  

  
Membership of the Committee  
  
The members of the Committee who took part in the review are listed on the 

attached sheet.  
  
Working with NHS Care Organisations  
  
Sponsors should ensure that they notify the R&D office for the relevant 
NHS care organisation of this amendment in line with the terms detailed in 
the categorisation email issued by the lead nation for the study.  
  
Statement of compliance  
  
The Committee is constituted in accordance with the Governance 

Arrangements for Research Ethics Committees and complies fully with the 

Standard Operating Procedures for Research Ethics Committees in the UK.  
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We are pleased to welcome researchers and R & D staff at our Research 

Ethics Committee members’ training days – see details at 

http://www.hra.nhs.uk/hra-training/   
  
17/LO/1752:    Please quote this number on all correspondence  

  
Yours sincerely  

  
On behalf of  
Reverend Jim Linthicum  
Chair  
  
  

E-mail:     
  

  nrescommittee.london-bloomsbury@nhs.net   

Enclosures:  

  

List of names and professions of members who took part in the 
review  

Copy to:   Elizabeth Clough,  
Barts Health NHS Trust  

  
ProfessorJonathan Grigg  
  
Dr Sally Burtles London - Bloomsbury Research 

Ethics Committee  
  
Attendance at Sub-Committee of the REC 
meeting   
  
   
Committee Members:   
  

Name    Profession    Present     Notes    

Ms Sally Doganis   Executive Producer 
and Media Consultant   

Yes       

Mrs Sally Gordon Boyd in the 
Chair  

Medical Ethicist   Yes       

   
Also in attendance:   
  

Name    Position (or reason for attending)    

Miss Ewa Grzegorska   Acting REC Manager  

Miss Damilola Odunlami   REC Assistant   

    

http://www.hra.nhs.uk/hra-training/
http://www.hra.nhs.uk/hra-training/
http://www.hra.nhs.uk/hra-training/
http://www.hra.nhs.uk/hra-training/
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London - Bloomsbury Research Ethics Committee  
HRA RES Centre Manchester  
Barlow House 3rd Floor  
4 Minshull Street  
Manchester  
M1 3DZ  
Tel: 0207 104 8063 Fax:   

  

 Please note: This is the  favourable opinion of the REC  only and 

does not allow the  amendment to be implemented    at NHS sites 

in England until  the outcome of the HRA  assessment has been  

confirmed.   

   

  

  

03 October 2019  
  

Professor Jonathan Grigg  
Blizard Institute (Centre of Genomics and Child Health)  
4 Newark Street  
Whitechapel  
E1 2AT  
  

  

Dear Professor Grigg  
  
Study title:  PAFR Expression and Streptococcus pneumoniae 

adhesion to nasal epithelial cells in Health and Disease; a 

cross-sectional study  
REC reference:  17/LO/1752  
Amendment number:  Substantial Amendment  
Amendment date:  31 July 2019  
IRAS project ID:  227903  

  

-Updates to the protocol and front facing documents, and the 
addition of letter to schools  
  

The above amendment was reviewed 12 September 2019 by the Sub-
Committee in correspondence.   
  

Ethical opinion  
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The members of the Committee taking part in the review gave a 
favourable ethical opinion of the amendment on the basis described 
in the notice of amendment form and supporting documentation.  
  

The Sub Committee raised no ethical issues with the amendment  
  

Approved documents  
  

The documents reviewed and approved at the meeting were:  
  

Document    Version    Date    

Copies of advertisement materials for research participants   1.3 clean   31 August 2019   

Covering letter on headed paper      31 July 2019   

GP/consultant information sheets or letters   1.3 clean   31 August 2019   

Non-validated questionnaire [CRF]   1.2   31 July 2019   

Notice of Substantial Amendment (non-CTIMP)   Substantial 

Amendment   
31 July 2019   

  

Other [PAFR School letter]   1.1   31 July 2019   

Participant information sheet (PIS) [ Parents Groups 1 - 4]   1.7 clean   31 July 2019   

Participant information sheet (PIS) [ Parents Groups 1 - 4]   1.7 clean   31 July 2019   

Participant information sheet (PIS) [Patient Information Sheet, Age 11 - 15 

years - Groups 5-6]   
1.7 clean   31 July 2019   

Participant information sheet (PIS) [Up to 10 years - Groups 1-4]   1.6 clean   31 August 2019   

Participant information sheet (PIS) [Up to 10 years - Groups 5-6, Version ]   1.6 clean   31 August 2019   

Participant information sheet (PIS) [Patient Information Sheet, Age 16+ 

years - Groups 1-4]   
1.7 clean   31 August 2019   

Participant information sheet (PIS) [Patient Information Sheet, Age 16+ 

years - Groups 5-6]   
1.7 clean   31 August 2019   

Participant information sheet (PIS) [Patient Information Sheet, Age 11 - 15 

years - Groups 1-4]   
1.7 clean   31 August 2019   

Research protocol or project proposal   1.9 clean   31 July 2019   

  

Membership of the Committee  
  

The members of the Committee who took part in the review are listed 
on the attached sheet.  
  

Working with NHS Care Organisations  
  

Sponsors should ensure that they notify the R&D office for the 
relevant NHS care organisation of this amendment in line with the 
terms detailed in the categorisation email issued by the lead nation 
for the study.  
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Statement of compliance  
  

The Committee is constituted in accordance with the Governance 
Arrangements for Research Ethics Committees and complies fully with 
the Standard Operating Procedures for Research Ethics Committees 
in the UK.  
  

HRA Learning  
  

We are pleased to welcome researchers and research staff to our HRA 
Learning Events and online learning opportunities– see details at: 
https://www.hra.nhs.uk/planning-
andhttps://www.hra.nhs.uk/planning-and-improving-
research/learning/improving-research/learning/  
  

17/LO/1752:    Please quote this number on all correspondence  

  

  

  

 Yours sincerely   

  
pp  
  

Chair  
  

E-mail: nrescommittee.london-bloomsbury@nhs.net  
  

  
Enclosures:  

  

List of names and professions of members who took part in the 

review  

Copy to:   Dr Sally Burtles  

London - Bloomsbury Research Ethics Committee  
  

Attendance at Sub-Committee of the REC meeting on 

12 September 2019  

  

   

Committee Members:   

  

Name    Profession    Present     Notes    

Dr Paul Gorczynski   Chartered Psychologist   Yes       

Ms  Cathy MacLean   Clinical Project Manager   Yes       

https://www.hra.nhs.uk/planning-and-improving-research/learning/
https://www.hra.nhs.uk/planning-and-improving-research/learning/
https://www.hra.nhs.uk/planning-and-improving-research/learning/
https://www.hra.nhs.uk/planning-and-improving-research/learning/
https://www.hra.nhs.uk/planning-and-improving-research/learning/
https://www.hra.nhs.uk/planning-and-improving-research/learning/
https://www.hra.nhs.uk/planning-and-improving-research/learning/
https://www.hra.nhs.uk/planning-and-improving-research/learning/
https://www.hra.nhs.uk/planning-and-improving-research/learning/
https://www.hra.nhs.uk/planning-and-improving-research/learning/
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Also in attendance:   

  

Name    Position (or reason for attending)    

 Nina Bakhshayesh   Approvals Administrator   

  

  
 

 
 
 


