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ABSTRACT 

 

Multiple sclerosis (MS) is a progressive neurodegenerative condition characterised by 

chronic immune-mediated demyelination and axon loss in the central nervous system, 

leading to progressive decline in motor function and disability. While advancements in 

treatments have significantly enhanced the longevity and quality of life of individuals living 

with the condition, timely and accurate diagnosis remains critical. Oligoclonal banding 

(OCB) and elevated Kappa and Lambda free light chains (FLCs) in cerebral spinal fluid 

(CSF) are hallmarks of MS. However, CSF sampling via a lumbar puncture is a highly 

invasive procedure, requires specialist training to perform and is often an unpleasant 

experience for patients. This study aimed to evaluate the feasibility of non-invasive tear 

and saliva analysis as alternative methods for the detection of OCB and FLCs.  

A cohort of 40 healthy donors (HDs), 20 MS patients and 60 non-MS neurological 

condition controls (NCCs) undergoing lumbar puncture investigations were recruited to the 

study. Blood, saliva, tear fluid, and CSF (from lumbar puncture patients) were collected 

and analysed utilising highly sensitive immunoassays developed by the Clinical 

Immunology Service. Serum reference ranges for Kappa and Lambda FLCs were 

established by Optilite analysis, while saliva and tear FLCs were quantified by ELISA. IgG 

and total free and bound immunoglobulin OCB detection was performed on all sample 

types using isoelectric focussing (IEF).  

Significantly reduced saliva and tear secretion was observed in both MS patients and 

NCCs compared with HDs. Notably, FLC quantitative parameters exhibited similar trends 

in MS patients and NCCs when compared to HDs. Kappa FLC secretion and Kappa: 

Lambda ratios were elevated in serum, decreased in saliva and unchanged in tear fluid 
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when compared to healthy controls. OCB was absent in HDs and NCCs, but faint bands 

were present in 20% MS patients tears and 25% MS patient saliva. 

The tear and saliva biomarkers examined in this study did not achieve sensitivity or 

specificity requirements to warrant an expansive follow-up study. However, the 

investigation provided useful insights into the collection and analysis of the sample types. 

Disparities in results between MS patients may mirror the heterogeneity of MS 

presentation and disease course, underlining the demand for further biomarker research. 

The ability to accurately stratify patients based on accurate biomarker profiles could 

transform clinical investigations for patients and clinicians, pave the way for personalised 

medicine and increase our understanding of the pathophysiology of the condition.  

Complementary studies could aim to explore the variability in results among MS patients, 

particularly regarding the presence of OCBs in tears and saliva. Also, the similarity of FLC 

parameters between MS patients and NCCs could be investigated through a more 

stringent cohort analysis of age, medication usage, sample collection times and co-

morbidities. 
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1. INTRODUCTION 

1.1 Introduction  

Multiple sclerosis (MS) is a degenerative neurological condition whereby chronic, immune-

mediated demyelination and axon loss in the central nervous system leads to progressive 

decline of motor function and disability over time (1). Worldwide, an estimated 2.8 million 

people are living with MS (2). However, compared to global averages, the UK has one of 

the highest prevalence and incidence of MS with 130,000 currently living with the condition 

(3), and it is the most common, non-traumatic cause of disability amongst young adults (4). 

At present, there is no cure for MS, though advancements in recognition, diagnosis and 

treatment have made significant improvements to the longevity and quality of life for 

people living with the condition. Key to this, is timely and accurate diagnosis and 

categorisation of the disease (5). However, the invasive and specialised nature of clinical 

investigations act a barrier to this and have scope to improve (6).  

 

1.2 Epidemiology  

Approximately 1 in 3000 people are living with MS, however the distribution of cases 

varies considerably worldwide (2). MS disproportionally affects women who comprise 

around 70% of all cases in the UK, a proportion which fluctuates between 66% and 78% 

worldwide, depending on the region (2).  

There is a clear geographical bias in MS cases. MS occurs mostly in the Caucasian 

population of Nordic heritage from higher income countries. Characteristics of which are 

most common in temperate Europe, North America, Australia, and New Zealand, where 

prevalence is as high as 1 in 300 (2). In converse, prevalence in non-white people in less 
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Be that as it may, there are substantial gaps in epidemiological data. “The Atlas of MS” (2), 

published by The Multiple Sclerosis International Federation and The World Health 

Organisation in 2020, is the most extensive open access data set on global MS 

epidemiology. The report described difficulties in obtaining comprehensive and peer-

reviewed data from lower income countries. Some countries took no part in the project, 

leaving many regions unrepresented in updated figures. Additionally, it acknowledged that 

demographic characteristics such as life expectancy, ethnic diversity and access to 

healthcare make it difficult to make fair comparisons between countries. Furthermore, 

overall cases appear to be on the increase, with an average of two new cases per 100,000 

annually, however it is not clear whether this correlates with increased risk and 

susceptibility, or factors such as the ageing population and improved recognition of the 

disease (7).  

Although epidemiological trends in MS are mostly well documented, it is apparent that 

health inequalities act as barriers in the recognition and diagnosis of MS, thus impact our 

global understanding of MS epidemiology. The UK has a prevalence of 196 cases per 

100,000 (or 1 in 500) and an incidence rate of ten new cases per 100,000 annually, 

ranking it relatively very high compared with other countries (2,3). This justifies 

considerable clinical interest into investigating the factors causing this geographical bias 

and whether preventative measures can be taken to control both prevalence and 

incidence. 
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1.3 Aetiology 

It is thought that the uneven distribution of MS is caused by a complex amalgamation of 

genetic predispositions, geographically linked risk factors and socially determined lifestyle 

factors linked with increased susceptibility (8). However, a distinctive cause has not yet 

been ascertained.  

The geographical bias (2), increased occurrence of MS in women (9), and inheritance 

patterns in some families points towards a genetic proneness of MS. Immediate family 

members of those with MS are 2-5% more likely to develop MS than the UK general 

population (10). Concordance between identical twins is around 25% (10), disproving 

mendelian inheritance and supporting a more complex interaction between genetic and 

non-genetic components.  

Hundreds of genetic variations have been highlighted as candidates for increased MS 

susceptibility (11). Many of which code for the expression and regulation of the human 

leukocyte antigen (HLA) genes. HLA genes are highly polymorphic and code for cell 

surface proteins that aid the distinction between self and non-self-antigens during healthy 

immune surveillance (12). Variations in these genes are commonly implicated in other 

autoimmune disorders such as diabetes mellitus, rheumatoid arthritis, and coeliac disease 

(13). HLA-DR2, HLA-DR15 and HLA-DR16 serotype groups have been linked to increased 

MS susceptibility by many studies (14). Additionally, variations in non-HLA associated 

genes such IL2RA and IL7RA have been linked with MS (15). Both are interleukin receptor 

components which function to regulate T-cell regulation in immune homeostasis (16).  

As previously stated, MS occurrence is at least twice as likely in women than men. A 

number of studies have suggested a link to hormone levels (17). Sex hormones such as 
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oestrogen, progesterone and androgens have receptors on immune cells, which can have 

immunomodulatory effects (17). This is supported by a reported 70% decrease in relapses 

in pregnant women in their third trimester compared with pre-pregnancy, and up to a three-

fold increase in relapses post-partum (9). However, the underlining molecular basis for 

these trends, and complex immune and genetic interactions are yet to be untangled. 

Environmental risk factors to MS such as vitamin-D deficiency and exposure to Epstein-

Barr virus (EBV) have been well-documented (8). It is suggested that they can trigger 

disease manifestation in the genetically predisposed. EBV is a herpes virus which is 

estimated to reside within 90% of the population, and 100% of MS patients. Those with 

EBV are 32 times more likely to develop MS in their lifetime (18). One proposed 

mechanism behind this is molecular mimicry between EBV and self-antigens (19). Vitamin-

D deficiency, caused by lack of exposure to sunlight and natural differences in production 

between ethnicities, is also linked with increased risk of developing MS (20). Vitamin D is 

an immunomodulator (21), which may account for the concentrated occurrence of MS in 

the latitudinal extremes which are exposed to the least amount of sunlight.  

Lifestyle choices are key social determinants of health. Unhealthy lifestyle choices are 

associated with more severe disease presentation, less successful responses to treatment 

(22), and increased risk to co-morbidities and chronic conditions such as cancers, heart 

disease and other immune conditions. Smoking (23) and childhood obesity (24) are main 

lifestyle factors linked with increasing susceptibility and exacerbating many immune 

diseases including MS.  

Susceptibility to MS is multi-factorial and currently unpreventable. More research into the 

relationship between genetic, environmental and lifestyle factors is required and could lead 
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to implementing preventable measures. For example, the efficacy of administering vitamin-

D supplementation has been explored in a number of trials (25), yet does not appear to 

alter the disease course (26). EBV vaccination is being investigated as a preventative 

measure to MS, however no EBV vaccine is currently licensed for use in the UK. 

Economic factors, vaccine efficacy and a 95% EBV infection rate in adults present 

significant barriers in clinical trials (27). In the UK as of 2021 (28), 14.4% reception school 

children were obese or severely obese, jumping to 25.5% in the following year. This was 

around 4.5% higher than pre-pandemic figures (29). Although smoking numbers are 

steadily decreasing in the UK, vaping is on the increase (30). It is suggested that vaping is 

no less damaging than smoking, yet more research is needed on the correlation between 

long-term vaping and MS risk. Increasing public knowledge of the significance of their 

lifestyle choices remains critical to public health. 

 

1.4 Immunopathology 

The nervous system can be broadly divided into the central nervous system (CNS), 

consisting of the brain and spinal cord, and peripheral nervous system (PNS) which 

innervates the rest of the body. The CNS, as well as the eyes, developing foetus and 

testes are commonly described as immune privileged sites (31). Immune privilege is an 

adaptation, evolved to tightly regulate immune activity in life-preserving and producing 

organs. Thus, protecting these organs from pathological damage caused by the immune 

system (31). This is particularly important for the CNS, given its minimal capacity to 

regenerate from damage. Immune privilege in the CNS was originally described as 

complete immune isolation, attributed to the blood brain barrier (BBB) and separation from 

the peripheral lymphatic system (31). More recent studies have increased our 
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case, this auto-immune reaction is a failure of the central tolerance mechanisms designed 

to negatively select autoreactive T-cells and B-cells. Due to molecular mimicry, the 

immune system recognises the myelin as a foreign antigen and an autoimmune reaction is 

triggered which infiltrates the CNS (37).  

The CNS has processes of remyelination to repair the damage made by MS (38). 

However, over time, chronic demyelination results in permanent damage to the CNS over 

time, leading to physical, cognitive, and psychological symptoms. 

 

1.5 Symptoms 

The symptoms of MS manifest as evidence of CNS damage and typically appear between 

the ages 20-40. The range, severity and pattern of symptoms differ between individuals 

depending on their disease classification (39).  

Patients are categorised into one of three main types of MS: relapsing remitting (RRMS), 

secondary progressive (SPMS) or primary progressive (PPMS) (39) (see Figure 1.3). 

Relapsing remitting MS describes the disease course for 80% of MS patients and is 

characterised by cycles of remission and relapse episodes which worsen over time and 

often develop into secondary progressive MS (39). Secondary progressive MS is 

characterised by gradual progression of symptoms without obvious relapses (40). 65% of 

RRMS patients will progress to this classification. Primary progressive MS is gradual 

progression of symptoms with no remissions at all (41). This occurs in 10% MS cases.  

During an episode of remission, symptoms improve, and the patient stabilises. During 

relapse, common symptoms include, but are not limited to the following: Loss of vision, 

muscle atrophy, numbness and tingling, spasms, stiffness, weakness, fatigue, depression 
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CNS damage in new anatomical locations which spread and increase over time. A typical 

clinical investigation is as follows. 

The diagnostic process tends to begin at primary care whereby individuals present with 

new neurological symptoms such as atypical sensations, vision decline, changes in 

bladder and bowel function (42). Following referral to secondary care, a specialist 

neurologist will confirm whether clinical symptoms are consistent with CNS decline (42). 

This includes a physical examination to evaluate any deteriorations of eye function, 

movement in arms and legs, speech, and coordination. 

A magnetic resonance imaging scan (MRI) is performed to detect any lesions in the white 

matter of the brain and spinal cord which are indicative of MS-related CNS damage (50). It 

was this hallmark symptom of MS which coined its name early in the characterisation of 

the condition (51) which was derived from the Latin for multiple scarring. When MS is 

suspected, two different forms of MRI scan are used: T2 and T1. A T2 MRI scan, which is 

more routinely used, is used to visualise lesions on the brain and spinal cord which appear 

as bright white marks. A T1 MRI scan uses a contrast dye called gadolinium. Dead or 

damaged nervous tissue appears as black (See Figure 1.5) (50). The presence of lesions 

in the brain or spinal cord are considered to be high prognostic factors of MS development 

(52). 

Cerebral spinal fluid (CSF) analysis is undertaken to diagnose a number of neurological 

conditions. CSF is a clear and colourless liquid which surrounds the brain and spinal cord 

within the intrathecal space and serves many purposes in the CNS. CSF acts as a shock 

absorber to physical injury, a medium for substance exchange, and a structural support for 

the brain (53). The presence of oligoclonal banding (OCB) in CSF has been shown to be a 
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significant biomarker for developing MS (52,54) and indicates intrathecal IgG synthesis. 

Intrathecal IgG synthesis is indicative of inflammation in the CNS. Inflammation markers in 

the CNS are indicative of either an infection or autoimmune activity. In addition, elevated 

Kappa free light chains (FLC) in CSF have been observed in MS patients (55), though this 

is not tested as standard practice in NHS diagnostics (56). 

CSF is extracted via a lumbar puncture (57). During the procedure, a clinician administers 

local anaesthetic and inserts a needle between the L3-L4 or L4-L5 vertebral interspace to 

extract the CSF (57). Isoelectric focussing (IEF) is the gold standard method used to 

detect IgG oligoclonal banding (OCB) patterns. CSF and serum OCB is tested in pairs to 

ascertain whether OCBs are being produced systemically or restricted locally to the CNS 

(See Figure 1.6). Kappa FLCs can be measured using the Binding Site Optilite apparatus 

(58). 

Despite a seemingly comprehensive testing process, the combination of results does not 

necessarily lead to a straightforward diagnosis (6). For example, there is vast 

heterogeneity in the symptoms, severity, and relapsing patterns between patients. OCB 

presence in the CSF is not exclusive to MS. CSF OCBs appear in other systemic 

inflammatory diseases, CNS infections and some hereditary disorders. Subacute 

sclerosing panencephalitis (SSPE) Guillain Bare syndrome (GBS), CNS infections and 

cerebrovascular incidents can all cause the appearance of OCB and Kappa FLC (59). 

Therefore, the diagnosis of MS and/or ruling out differential diagnosis often takes years 

and can be highly stressful for patients (60).  
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A. Steroids 

During a relapse, the first line of treatment in the UK is usually a course of corticosteroids, 

in tablet form or infusion (42). Steroids are generic, non-specific inhibitors of the immune 

system and are effective at mitigating the severity of relapses. However, they cannot be 

prescribed for extended periods of time due to systemic adverse effects associated with 

immunosuppression and other conditions such as osteoporosis and diabetes (61).  

 

B. Symptom based therapy 

 As summarised in Figure 1.4, symptoms of MS are vast, therefore, management of MS 

can be multi-disciplinary (42). Specific symptoms including but not limited to vision 

problems, sexual dysfunction, pain, incontinence, and muscle spasms can be treated for 

separately according to the individual (42). 

 

C. Disease modifying treatments (DMTs) 

 DMTs are specifically targeted, immunomodulatory drugs designed to decrease the 

frequency and severity of relapse attacks (62). Around 18 different DMTs are currently 

licensed for use by the NHS in the UK (63,64). They take many forms such as monoclonal 

antibodies, nucleotide analogues and receptor antagonists and engage in different 

mechanisms of action.  

 

For example, Alemtuzumab is a monoclonal antibody which binds to CD52, flagging 

mature lymphocytes for cell death (65). Interferon beta-1a and interferon beta-1b are 

naturally occurring cytokines which dampen inflammation which can be manufactured and 

administered (66). Cladribine is a purine analogue which, when incorporated into B-cells 
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and T-cells, interferes with DNA replication, thus triggering cell death (67). Fingolimod, 

Siponimod and Ponesimod block the sphingosine-1-phosphate receptor which aids the 

translocation of leukocytes out of lymph nodes (68).  

 

DMTs are tailored to the individual’s disease category and symptom patterns, with the 

common aim to target the immune system precisely to reduce CNS damage whilst 

minimising adverse effects of more aggressive and non-specific immunotherapy (69). 

Choosing a DMT also must also consider factors such as pregnancy status or family plans, 

methods of drug delivery which a patient is comfortable with and regional use of certain 

medications (42,70). 

 

D. Autologous haematopoietic stem cell transplant (AHSCT): 

 Patients which fulfil certain disease criteria living in certain regions may be eligible for an 

AHSCT which aims to “reset” the immune system (71). This involves harvesting 

haematopoietic stem cells from the patient’s blood, administering an intensive course of 

chemotherapy which eradicates remaining white blood cells, and reinfusing the patient’s 

own cells (71). Sometimes DMT medications are used in combination with an AHSCT. The 

aggressive nature of the procedure invokes high risk of severe and long-term side effects 

such as early menopause, and an increased likelihood of infections, cancers, and other 

auto-immune diseases (72). In the UK, 1 in 300 patients die as a result of complications 

associated with this treatment (72). 
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E. Lifestyle alterations and holistic treatment 

As previously mentioned, lifestyle choices are key social determinants of health (45). 

Quitting smoking, eating a balanced diet and frequent exercise or physiotherapy are 

proven to increase receptiveness to treatment, lessen the severity of relapse and decrease 

the chances of developing co-morbidities (42). This will not only to improve physical health 

but also mental wellbeing, which can be further assisted by support groups, counselling, 

and cognitive behavioural therapy (CBT) (73). 

The vast variation in disease course between individuals and lack of a specific therapeutic 

target makes MS management complicated. Treatment inevitably comes with controlling 

side effects and as with any immunotherapies, patients can be left vulnerable to infections. 

Therefore, MS patients are placed in the vaccine priority groups alongside the elderly, the 

young and those with other conditions which make them vulnerable to infection.  

Additionally, the availability and access to DMTs and AHSCT are limited to regions (74) or 

countries that can afford them. As there is geographical bias of MS occurrence, there is 

also a bias of access to MS treatment. Around 70% low-income countries have no access 

to DMTs (2). Global drug-affordability schemes are needed to resolve these health 

inequalities. 

In countries where DMTs are licensed for use, the importance of early intervention for 

patient outcomes has been well studied (75). Additionally, accurate prescription of DMTs 

prevents wasted time and resources on using less-effective therapies. Choosing the most 

appropriate DMT for each MS patient relies on timely and accurate diagnosis and 

categorisation of MS. Ultimately, this leads to faster intervention thus better prognosis (76). 
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1.8 Investigating new biomarkers  

A biomarker can be defined as a measurable indication of health. In the context of clinical 

investigations, biomarkers are used to predict, diagnose, prognose, monitor a condition, 

and predict treatment compatibility. Biomarkers typically take the form of specific genetic, 

molecular, histological, or physiological characteristics. A successful biomarker must be 

sensitive and specific and correlate with the presence, absence, or severity of disease. 

Sensitivity refers to the percentage of patients with the disease, and test positively for the 

biomarker. Specificity refers to the percentage of patients without the disease, and test 

negatively for the biomarker. Important to the adoption of a biomarker is method of sample 

collection, ease of application to clinic or community, and sample storage conditions. 

There is always a clinical interest in finding novel biomarkers, whether that be for financial, 

ethical, or clinical reasons. Regardless, the shared goal is to give the patient the best 

chance of personalised, predictive, and preventative medicine, in a timely and accurate 

manner.  

 

1.9 Study rationale 

As previously described, biomarkers for MS include clinical, imaging, and molecular data 

(49). OCB detection in CSF is a hallmark of MS diagnosis as defined by the McDonald 

criteria. The methodology used to detect OCBs is well established and has 95% accuracy 

in the diagnosis and differential diagnosis of MS (77). However, the current method of CSF 

sampling is a lumbar puncture which has drawbacks in accessibility and invasiveness, 

thus cannot be performed frequently (78). This study is an evaluation of OCB and FLC 

detection in non-invasive and easily accessible secretions: tear fluid and saliva as an 

alternative to CSF.  
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Lumbar punctures, although generally safe, carry a risk of physical and emotional side 

effects (79). The most common adverse effects are headaches (80), nausea and anxiety 

leading up to and surrounding the extraction. In extremely rare circumstances, the 

procedure can cause trauma to the spine which may result in loss in sensation to paralysis 

(79). Furthermore, some patients are unsuitable for the procedure, such as those with skin 

infections, platelet disorders, scoliosis, and idiopathic cranial pressure (81). By contrast, 

the methods used to extract tear fluid and saliva are far less invasive, carry no risks other 

than eye irritation, and are suitable for the majority of patients. 

A lumbar puncture is costly in both time and resources to the NHS. Owed to its complex 

nature, the procedure demands highly trained clinicians and specialist equipment and 

takes between 30 minutes to an hour. In the case of an X-ray guided lumbar puncture, 

additional time, staff, and equipment are required. In this study, the method of saliva 

sampling costs 20p in equipment and takes 5 minutes. Tear fluid extraction costs 60p in 

equipment and takes 10 minutes. Both tear fluid and saliva sample collection can be 

carried out by any appropriately trained healthcare worker, in primary care, hospitals or in 

the community. 

A less invasive and more cost-effective method of testing has vast clinical implications for 

MS patients (82). Currently, an MS patient cannot expect to undergo frequent lumbar 

punctures, whereas there is no clinical reason to discourage regular saliva and tear fluid 

extraction. This allows for more frequent thus more accurate longitudinal monitoring. Even 

in the UK, where MS is well recognised, it can take around months to be diagnosed and 

longer for disease to be categorised. Frequent testing can be used for clinicians to acquire 

a precise picture of the disease, thus diagnose, and categorise the disease faster and with 
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more accuracy. As a result of this, patients can be prescribed the most appropriate 

personalised treatments, and faster. Ultimately, faster intervention means better prognosis.  

Frequent monitoring can additionally help clinicians understand the underlying disease 

better. With more data points, a clinician may be able to predict the conversion to MS from 

clinically isolated syndrome (CIS), or to predict and identify a relapse, therefore allowing 

for quick intervention. Frequent monitoring may also be used in the predisposed, to gather 

more data on the immunopathology of MS. Furthermore, monitoring can be run in parallel 

to medication prescriptions and alterations to better understand the condition. Turning from 

OCB positive to OCB negative is a good prognostic marker (83) but is not currently used 

as lumbar punctures are not performed frequently. Frequent monitoring via other 

secretions could make use of this prognostic marker. 

The exploration of using non-invasive tear and saliva secretions to diagnose and monitor 

MS is promising not only for their practicality and non-invasive collection, but also for their 

biochemical properties. Saliva, secreted by the salivary glands, contains water, 

electrolytes, digestive enzymes, proteins, mucins, as well as several immune components 

such as immunoglobulins (predominantly IgA) and antimicrobials (such as lactoferrin and 

lysozymes). Amongst digestive and oral health functions, saliva is one of the first lines of 

defence in mucosal immunity (84). Tear fluid, produced by lacrimal glands, has a similar 

composition to saliva and is mostly made up of water, electrolytes, proteins, lipids, mucins, 

as well as several immune components such as immunoglobulins (predominantly IgA) and 

antimicrobials (such as lactoferrin and lysozymes). The role of tear fluid is to lubricate the 

eye surface as well as protect the eye from infection (85). CSF is produced by the choroid 

plexus in the brain and is composed of water, electrolytes, glucose, proteins, 

immunoglobulins (predominantly IgG) and a small number of cells. As previously 
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mentioned, CSF serves to physically support and protect the brain and spinal cord and 

allow for substance exchange (53).  

Biochemical differences and compartmentalisation between the different sample matrices 

present challenges in comparing biomarkers for MS. Despite these challenges, recent 

research has explored saliva and tear biomarkers for MS with variable degrees of success. 

The detection of IgG OCBs in CSF is a diagnostic hallmark of MS. Coyle reported the 

presence of OCBs in the tears of 67% MS patients tested (86), though further research is 

needed to understand the origin of the tear OCBs. Furthermore, other studies were unable 

to replicate this (87). To date, there is no published research on the presence of OCBs in 

saliva in the context of MS diagnosis. Additionally, elevated Kappa-FLCs in CSF has also 

shown high diagnostic accuracy. Whilst FLCs are detectable in all three matrices, their 

concentrations vary. Studies by Lotan (88) and Kaplan (89) quantified salivary FLCs, 

finding that the ratio of FLC monomers to dimers correlates with disease state in MS 

patients. Currently there is no research on FLC detection in tears in the context of MS. 

The IEF method used to detect OCBs has been thoroughly optimised by the Clinical 

Immunology service and has demonstrated sensitivity of around 0.05 mg/L. Kappa and 

Lambda FLC ELISAs, also pre-established for saliva analysis in the Clinical Immunology 

Service using in-house antibodies, has demonstrated sensitivity of around 0.01 mg/L. The 

combined utility of these methods holds a promising approach in capturing any differences 

in saliva and tear OCB presence and FLC profiles in MS patients, provided they exist.  
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2. HYPOTHESES AND AIMS 

2.1 Hypotheses 

• Using IEF methods, pre-established for clinical diagnostics and reoptimized for 

tears and saliva, OCBs will be detectable in the tear and saliva fluid of MS patients 

and individuals with OCB-positive CSF. 

 

• Using an ELISA, pre-established for saliva and reoptimized for tears, Kappa FLCs 

will be elevated in the tears and saliva of individuals with MS.  

 

• Using Binding site Optilite analyser, Kappa FLC will be elevated in the serum of MS 

patients. 

 

2.2 Aims 

• Recruit 40 healthy donors, 40 MS patients and 40 NCCs with other neurological 

conditions. Collect serum, saliva, and tears from healthy donors. Collect CSF, 

serum, saliva, and tears from the MS patients and NCCs. 

 

• Reoptimize current IEF methods for tear and saliva testing, then test presence of 

OCB in matched CSF (if available), serum, saliva, and tears. 

 

• Reoptimize FLC ELISA for use in tears, then generate reference ranges of Kappa 

and Lambda FLC parameters in saliva and tears between healthy donors and 

patient cohorts. 
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3. METHODOLOGY 

3.1 Ethical approval and consent 

Ethical approval for the collection and analysis of saliva, tear fluid, blood and CSF was 

granted by the Health Research Authority (HRA) and Health Care Research Wales 

(HCRW) – Integrated Research Application System (IRAS) Project ID: 62053. The 

research passport was authorised by the University of Birmingham, which sponsored the 

study, and letter of access was issued by University Hospitals Birmingham (UHB) research 

and development department – UHB reference: RRK4750.  

All eligible participants received a study information pack (see Appendix 1) and those who 

agreed provided full written informed consent prior to sample collection. For UHB 

participants, consenting was conducted by neurologist Professor Saiju Jacobs, and for 

healthy donors, Miss Chloe Tanner conducted consenting. Signed and dated consent 

forms were stored securely.  

 

3.2 Participant recruitment and cohorts 

3.2.1 Healthy donors 

40 healthy donors were recruited from University of Birmingham staff and students 

between October 2022 and April 2023. Inclusion criteria was defined as having no known 

immune or neurological disorders. This cohort donated blood, saliva, and tears.  

3.2.2 Patient cohorts 

80 participants were recruited from ambulatory care and the neurology ward at the Queen 

Elizabeth hospital, Birmingham between July 2023, and January 2024. These participants 

were undergoing lumbar puncture investigations for MS amongst other neurological 
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diagnoses but had not yet received intervention. At the point of sample collection, 

diagnosis was unknown. However, later in the process, the group was sub-categorised 

into MS patients and non-MS neurological conditions, named neurological condition 

controls (NCCs). These combined cohorts donated blood, saliva, tears, and CSF. 

 

3.3 Sample retrieval, processing, and storage 

All samples were collected using the same methods for healthy donors and patient 

cohorts. All samples were processed on the day of collection. 

3.3.1 Pre-sampling checks 

Participants were requested to not eat, drink (other than water), smoke or brush their teeth 

within 30 minutes of the sampling appointment to avoid saliva contamination. Deviations 

from this were recorded but sample collection was still possible. 

Participants were also asked whether they wear contact lenses or glasses. Neither impact 

the collection of tears, however, gathering this information may inform barriers to tear 

collection, as well as the potential impact of contact lenses on tear constituents, further 

assessing the feasibility and reliability of using tears for biomarker analysis.  

 

3.3.2 Intravenous blood collection and processing 

10ml of blood were collected in a serum tube (BD Vacutainer® #367895) by a trained 

phlebotomist or clinical staff. The filled tube was inverted 5-10 times then left for at least 30 

minutes at room temperature to allow the distribution of silica coagulation activators. 
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The blood tube was then centrifuged at 3500RPM for 5 minutes. Serum was separated 

from blood cells with a pipette, aliquoted into 2ml microcentrifuge tubes (Thermo Scientific 

#11519934) then immediately stored at -80°C until analysis. Aliquot volumes were 

recorded.  

 

3.3.3 Saliva collection and processing 

Saliva was collected by a passive drool method by which the participant was asked to 

rinse any existing saliva out of their mouth, then sit with their head down and empty any 

new saliva into pre-weighed 50ml conical centrifuge tubes (Falcon #352070) over four 

minutes. They were given the option to empty their mouth continuously or once after the 

four minutes had passed. 

When sampling was complete, saliva was stored at 4-8°C in the fridge until processing 

began (maximum of six hours) to maintain protein stability. The filled saliva tube was 

weighed, and salivary rate was calculated as ml/minute by subtracting the post-sampling 

weights from pre-sampling weights of tubes, then dividing the result by the minutes of 

collection according to the equation below. Density of the saliva was assumed to be 1g/ml. 

The saliva was then centrifuged at 4000RPM for 10 minutes to remove cells and 

contaminants. Supernatant was extracted with a pipette, aliquoted into 2ml tubes, then 

immediately stored at -80°C until analysis. Aliquot volumes and salivary rates were 

recorded.  

3.3.4 Saliva flow rate equation 

𝑆𝑎𝑙𝑖𝑣𝑎𝑟𝑦 𝑟𝑎𝑡𝑒 (𝑔/𝑚𝑖𝑛𝑢𝑡𝑒) =   
(𝑃𝑟𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) − 𝑃𝑜𝑠𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔))

𝑇𝑖𝑚𝑒 (𝑚𝑖𝑛𝑢𝑡𝑒𝑠) 
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collection as shown in the equation below. The tubes containing the Schirmer strips were 

stored immediately at -80°C until analysis.  

 

3.3.6 Tear flow rate equation 

𝑇𝑒𝑎𝑟 𝑓𝑙𝑜𝑤 (𝑚𝑚/𝑚𝑖𝑛𝑢𝑡𝑒) =  
𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑆𝑐ℎ𝑖𝑟𝑚𝑒𝑟 𝑠𝑡𝑟𝑖𝑝 (𝑚𝑚)

𝑇𝑖𝑚𝑒 (𝑚𝑖𝑛𝑢𝑡𝑒𝑠)
 

 

3.3.7 CSF collection and processing 

Within the terms of the ethical approval, CSF was only taken from the patient cohort of 

participants, who were pre-scheduled to have an investigative lumbar puncture. 

The procedure was conducted by a specialised clinician, who administered local 

anaesthetic and extracted the CSF from between the L3-L4 or L4-L5 vertebral interspace 

(57) (see Figure 3.2). Sometimes, for patients with conditions such as obesity, scoliosis, or 

spinal damage, the lumbar puncture was x-ray assisted. A small sub-aliquot of 

approximately 1ml was taken for the purpose of this study (92).  

Post collection, the CSF sample was centrifuged for 3 minutes at 3000RPM. Supernatant 

was extracted with a pipette, aliquoted into 2ml tubes, then immediately stored at -80°C 

until analysis. Aliquot volumes were recorded.  
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experienced eye irritation in one or both eyes during tear collection, the Schirmer strip was 

optionally removed prematurely.  

Incidences of these abnormalities were recorded in detail in the sample quality section of 

the sample trackers, and where appropriate, the affected data were excluded from the 

analysis (See Appendix 3). It is worth noting that these occurrences are still useful insights 

into the study, as they allow for the investigation of factors such as ease of application, 

side effects and patient collaboration in the reliability and feasibility of collecting and 

analysing saliva and tear samples. 

 

3.6 Healthy donor screening 

In contrast to patient cohort recruitment, which was decided by clinical information and 

neurologist, Professor Saiju Jacobs, the eligibility of healthy donors was reported by the 

individual. Thus, a general screening of the healthy donor cohort was implemented in the 

case of any unknown immune-related abnormalities. Healthy donor serum was screened 

for IgG, IgA, IgM and Kappa and Lambda FLC concentrations using the Binding site 

Optilite analyser. Disproportionate levels of these may indicate a malignancy, infection, or 

immune disorders. All but two healthy participants yielded results within normal reference 

ranges established by NHS guidelines (displayed in Appendix 4). Fortunately, after a 

further investigation by capillary zone electrophoresis (CZE), no further action was 

required, and the participants were not excluded. Serum screening and CZE analysis was 

conducted by Biomedical Scientist Mr Mohammed Afzal at the Clinical Immunology 

Service. 
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3.7 Tear volume-Schirmer strip saturation assays 

3.7.1 Assay protocol 

To quantify tear fluid volumes collected using Schirmer strips, a volume-to-saturation 

validation assay was performed. This experiment aimed to evaluate the hypothesis that 

the saturated length of the strip is proportional to the volume of tear fluid collected.  

Due to the Schirmer strip method of tear collection yielding very low sample volumes, pure 

tear fluid was not available for this validation. Instead, Bovine Serum Albumin (BSA) 

(Sigma-Aldrich #A4503) dissolved in PBS (Phosphate Buffered Saline- Oxoid #BR0014G) 

was used to model the tear fluid. Four different concentrations of the solution were 

prepared to assess whether variability in tear concentration affects the rate of absorbance 

onto the strip. 

1. The following solutions of BSA in PBS solution were prepared: 1μg/ml, 5μg/ml, 

10μg/ml, and 15μg/ml.  

2. Exact volumes of each BSA solution from 1μl to 35μl were pipetted on to separate 

Schirmer strips and left for five minutes. 

3. After five minutes, the saturated lengths of the strips, indicated by printed millimetre 

increments, were measured and recorded.  

 

3.7.2 Tear parameter adjustments 

Data from the volume: saturation assays were used to normalise the observed FLC 

concentrations based on the volume of tears collected. However, the precise tear volume 

eluted from the strip into the PBS when the sample was collected was unknown. 

Therefore, tear volumes were not readjusted from the observed saturation of the Schirmer 
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strips. Due to the linear relationship between volume and saturation, any re-adjustment 

would be relative rather than absolute. The equation used to correct the raw FLC 

concentrations is outlined below.  

 

3.7.3 Tear dilution factor equation 

An equation to derive the dilution factor of tear fluid from the saturated length of the strip 

and the volume of PBS used to elute the tear fluid (controlled at 500μL). 

𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 =  
500 

𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑠𝑡𝑟𝑖𝑝 (𝑚𝑚)
 

 

3.7.4 Tear FLC corrected concentration equation 

An equation to adjust the observed concentration of FLCs based on the dilution factor and 

saturated length of the Schirmer strip. 

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑔/𝐿) =  
(𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑔/𝐿) 𝑥 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟)

𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑠𝑡𝑟𝑖𝑝 (𝑚𝑚)
 

 

3.8 FLC ELISAs 

An enzyme-linked immunosorbent assay (ELISA) is an immunological tool used to quantify 

a specific protein or molecule in a sample. The technique uses antibodies to bind to a 

target antibody or antigen. Then a secondary antibody (conjugated to an enzyme) is 

introduced and binds to the first antibody. Next, the corresponding substrate to the enzyme 

is added, which induces a colour change. The depth of colour change, measured as 

optical density (OD) by a colorimeter, can be quantified, and the concentration of the target 



31 
 

can be approximated by interpolating results on a standard curve. This curve is generated 

using a serial dilution of a sample with a known concentration of the target protein or 

molecule. For the purpose of this study, the target molecules were Kappa and Lambda 

FLCs. 

 

3.8.1 Secondary antibody HRP conjugation 

Secondary antibodies were conjugated to HRP (horseradish peroxidase) enzyme using 

Abcam (Lightning-Link #ab102890) HRP conjugation kit according to the manufacturers 

recommended protocol. For Kappa FLC quantification, BUCIS14 (Prepared by Dr 

Margaret Goodall #6e1.1.200119/pc) was used. For Lambda FLC quantification, BUCIS19 

(Prepared by Dr Margaret Goodall #150619/P) was used.  

1. Antibodies were diluted in PBS to a 1ml 1mg/ml solution. 

2. 100µl of modifier reagent was added to each antibody and mixed. 

3. Antibody mixtures were pipetted onto the lyophilised HRP label, gently 

resuspended, then incubated overnight at room temperature, protected from light. 

4. The following day, 100µl quencher reagent was added to each mixture, and left for 

at least 30 minutes before use. 

5. The antibody conjugates were stored in the fridge at 4-8°C.  

According to manufacturer’s guidance, these conjugations were stable 18 months from the 

day of preparation. 
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3.8.2 FLC ELISA optimisation 

The FLC ELISA method is established in the Clinical Immunology Service and was a 

useful starting point for establishing the protocol. However, with changes in reagents, 

operators, sample types and cohort, it was important to re-optimise the assays in the 

context of this study. Serial dilution ranges for the standard curve, sample dilutions, 

secondary antibody concentrations, substrate concentration and incubation times were 

evaluated simultaneously in “matrix” style assays in order to decipher the most appropriate 

conditions. The basis for these validation assays is outlined below:  

 

A. Range of detection: 

Appropriate assay thresholds and dilution factors of the standard curve were investigated 

to ensure that the assays range of detection accurately covered the anticipated range of 

results. This is particularly important for the upper and lower extremes of results. The 

range of detection was 2mg/l-0.05mg/l for both Kappa and Lambda which was decided 

based on reference ranges previously published by the department (94). Serial dilution 

factors for the standard curved were trialled between 1:2 and 1:10 and was derived from a 

mixed pool of healthy control standard serum (TCS Biosciences). 

 

B. Sample dilution:  

Appropriate sample dilution ensures results fall within accurate range of the assay, whilst 

also conserving maximal sample volume. Optimal saliva dilution could be tested based on 

previous saliva ELISAs (94). Using tears for this assay was novel to the department, 

therefore initial optimisation assays trialled the same dilutions as saliva. For both sample 

types, multiple dilutions were trialled, from neat to 1:8, with the aim to obtain results in the 
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middle-lower region of the curve, where interpolation of FLC concentrations is most 

accurate as this should be the most linear section of the curve. 

 

C. Secondary antibody dilution: 

The secondary antibodies used in previous studies in the department were also used for 

this study. However, the antibodies were newly conjugated to HRP for this study and 

therefore needed slightly different dilutions to meet sensitivity and specificity requirements. 

Also, for consistency, it was important to establish a secondary antibody dilution which 

worked for both saliva and tears. Multiple secondary antibody dilutions were tested 

between 1:1000 and 1:10,000 dilution, with the aim to obtain maximal signal in known 

positive controls and minimal background in known negative controls. 

 

D. Substrate concentration and incubation time: 

Appropriate substrate conditions were optimised to ensure maximal signal within 

detectable range of plate reader’s absorbance settings. This must be balanced by 

minimising background noise. Different dilutions of substrate (neat and 1:2) as well as 

incubation times between five and ten minutes were trialled. The aim was to obtain strong 

signals, whilst ensuring the upper limit of the curve could be detected by the plate reader’s 

absorbance settings, and blank wells yielded minimal signal. 

 

E. Inter-assay variability 

The function of the antibodies may degrade over time, and due to delays in recruitment, 

there were significant time gaps between assays. In order to monitor the inter-assay 

variability, I ran the same three samples across all plates and calculated the coefficient of 
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variability (CV) which in best practise should be 10% or less (see equation below). These 

chosen samples were from the healthy donor cohort and had a high volume. The aliquot 

was thawed and re-aliquoted into a number of smaller volumes to avoid inconsistencies 

associated with multiple freeze-thaw cycles. 

 

𝐶𝑉 =  
𝜎

𝜇
 

𝐶𝑉 = Coefficient of variation 

𝜎 = Standard deviation 

𝜇 = Mean 

 

F. Intra-assay variability 

Pipetting errors, cross-contamination, evaporation, and handling inconsistencies can play 

a significant role in result variability within an assay. To monitor intra-assay variability, the 

standard curves and controls were always tested in duplicate, and CVs were calculated as 

above. To conserve sample volume, samples were tested in singlicate. 

 

3.8.3 FLC ELISA protocol 

Following the optimisation assays, the following protocol was deduced.  

1- Coating of Capture Antibody 

96-well flat-bottom high-binding plates (Corning #9018) were coated with 100µl per well of 

1µg/ml capture antibody in PBS. For Kappa FLC quantification, BUCIS04 (Prepared by Dr 

Margaret Goodall #141210/3b) was used. For Lambda FLC quantification, BUCIS09 
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(Prepared by Dr Margaret Goodall #9230614/p) was used. The plates were sealed with 

adhesive seals (Thermo Fisher Scientific #AB0558), then incubated overnight at 4-8°C. 

 

2- Blocking 

The following day, the plates were washed four times with 200µl per well of wash buffer. 

The wash buffer consisted of 0.1% Tween 20 (Sigma-Aldrich #P2287) in PBS made up 

according to manufacturer’s guidance. The plates were then blocked with 150µl per well of 

blocking buffer. The blocking buffer consisted of 2% BSA in PBS. The plates were blocked 

for an hour at room temperature. During this incubation period, the samples and controls 

were prepared. 

 

3- Sample Preparation 

All samples, standards and controls were pre-prepared in dilution plates. Tear samples 

were thawed and prepared neat. Saliva samples were thawed and centrifuged at 

10,000RPM for 10 minutes and prepared at a 1:2 dilution in 1% BSA in PBS. A 12-point 

1:2 standard curve from a starting concentration of 2mg/L FLC concentration was 

prepared using the mixed pool of human standard serum. Three saliva samples were 

placed on each plate to assess inter-assay variability. The standards and controls were 

tested in duplicate to measure for intra-assay variability. Once the blocking was complete, 

the plates were washed four times with 200µl per well of wash buffer, before adding the 

contents of the diluted samples. For saliva, 100µl per well was added, for tears, 70µl per 

well was added to conserve volume. The plates were left to incubate for one hour at room 

temperature. 
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4- Secondary Antibody 

Plates were washed four times with 200µl per well of wash buffer, then secondary antibody 

was added. For Kappa FLCs, HRP-conjugated BUCIS14 was diluted 1:10,000 in PBS and 

for Lambda FLCs, HRP-conjugated BUCIS19 was diluted 1:20,000 in PBS. The antibodies 

were added to the plate at 100µl per well, then the plates were covered from the light and 

incubated at room temperature for one hour. 

 

5- Development 

Plates were washed four times with 200µl per well of wash buffer. Tetramethylbenzidine 

(TMB) substrate (Binding Site #EA003) was diluted 1:2 in PBS for both Kappa and 

Lambda FLC plates, 100µl per well of substrate was added. The plates were left 

uncovered for 10 minutes at room temperature. 

 

6- Stop and Plate Reading 

Finally, once the plates had been developing for 10 minutes, they were stopped using 

Orthophosphoric Acid Stop Solution (Binding Site #EA004) at 100µl per well. Absorbance 

was measured at 450nm using a plate reader within 5 minutes. 
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3.9 Interpreting FLC parameters 

For saliva and tears, FLC concentrations were interpolated from the serum standard curve. 

The following calculations were used to derive FLC parameters in all sample types. 

3.9.1 Kappa and Lambda FLC sum equation 

This equation was the same for sum concentration and secretion rates. 

𝐾𝑎𝑝𝑝𝑎 𝑎𝑛𝑑 𝐿𝑎𝑚𝑏𝑑𝑎 𝑠𝑢𝑚 = 𝐾𝑎𝑝𝑝𝑎 𝑣𝑎𝑙𝑢𝑒 + 𝐿𝑎𝑚𝑏𝑑𝑎 𝑣𝑎𝑙𝑢𝑒 

 

3.9.2 Kappa and Lambda FLC difference equation 

This equation was the same for difference in FLC concentration and secretion rates. 

𝐾𝑎𝑝𝑝𝑎 𝑎𝑛𝑑 𝐿𝑎𝑚𝑏𝑑𝑎  𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =   𝐿𝑎𝑚𝑏𝑑𝑎 𝑣𝑎𝑙𝑢𝑒 − 𝐾𝑎𝑝𝑝𝑎 𝑣𝑎𝑙𝑢𝑒 

 

3.9.3 Kappa: Lambda ratio equation 

This equation was the same for concentration and secretion ratios. 

𝐾𝑎𝑝𝑝𝑎: 𝐿𝑎𝑚𝑏𝑑𝑎 𝑟𝑎𝑡𝑖𝑜 =  
𝐾𝑎𝑝𝑝𝑎 𝑣𝑎𝑙𝑢𝑒

𝐿𝑎𝑚𝑏𝑑𝑎 𝑣𝑎𝑙𝑢𝑒
 

 

3.9.4 Saliva FLC secretion rate equation 

𝑆𝑎𝑙𝑖𝑣𝑎 𝑠𝑒𝑐𝑟𝑒𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (𝑚𝑔 𝑚𝑖𝑛𝑢𝑡𝑒⁄ )

= 𝐹𝐿𝐶 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑔 𝐿⁄ ) × 𝐹𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 (𝑚𝐿 𝑚𝑖𝑛𝑢𝑡𝑒⁄ ) 

3.9.5 Tear FLC secretion rate equation 

𝑆𝑒𝑐𝑟𝑒𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (𝑚𝑔 𝑚𝑖𝑛𝑢𝑡𝑒⁄ )

= 𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑔 𝐿⁄ ) × 𝐹𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 (𝑚𝑚 𝑚𝑖𝑛𝑢𝑡𝑒⁄ )   
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3.10 Isoelectric focussing (IEF) 

Isoelectric focussing (IEF) is the gold standard method used to detect oligoclonal banding 

in serum and CSF. The method uses gel electrophoresis to separate proteins by charge. 

Then, the gel is transferred onto a nitrocellulose membrane, which is incubated in a 

number of antibody staining steps to visualise the protein migration pattern. Finally, the 

trace is developed and analysed by eye. 

 

3.10.1 IEF optimisation 

The method for isoelectric focussing has been comprehensively refined for sensitivity by 

clinical scientists at the Clinical Immunology Service. Therefore, the established standard 

operating procedure (SOP) was used: Oligoclonal bands in CSF. Document code: IEF. 

Version 5.3 October 2021. Author: Abid Karim. Training and support for the IEF method 

was provided by Biomedical Scientists: Mr Bilal Jeewa and Mrs Beena Emmanuel, at the 

Clinical Immunology Service. For the purpose of this study, the method was re-optimised 

for OCB detection in saliva and tears.  

 

A. Sample dilution 

In order to test samples at approximately the same protein concentration, CSF was tested 

neat. Serum, with a typical protein content of 80mg/ml was diluted 1:400. Saliva has a 

typical protein concentration of 0.5-3mg/ml so was trialled at a 1:4 dilution. Tears have a 

typical protein concentration of 3-5mg/ml, however as they were diluted in PBS, they were 

trialled neat.  
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B. Antibody target 

IgG oligoclonal band detection is the gold standard method for diagnosing MS. Given the 

evidence that Kappa FLCs are elevated in MS patients, total free and unbound 

immunoglobulin were trialled additionally. 

 

3.10.2 IEF method 

Following the optimisation assays, the following protocol was deduced.  

1. Gel casting 

3.6g of d-sorbitol (Sigma-Aldrich #240850) and 0.3g of agarose (GE Healthcare 

#17055402) were added to 27ml of 10% v/v glycerol (Sigma-Aldrich #G9012). The mixture 

was heated in short intervals until fully dissolved, then placed in a 75°C water bath to 

equilibrate for 10 minutes. 

Following this, 2ml of pH 3-10 and 0.5ml pH 8-10.5 Pharmalyte (GE Healthcare #GE17-

0456-01, #GE17-0455-01) were added to the gel mixture and incubated for a further 5 

minutes at 75°C. 

The gel was poured onto a hydrophilic gel bond film (LONZA Ltd #54733) in a pre-warmed 

cast and spread evenly. This was left to set for 10 minutes, then stored in damp chamber 

for up to 3 days at 2-8°C until use. 

 

2. Sample preparation 

All samples were centrifuged at 3500RPM for 3 minutes to pellet contaminants and cells. 

Following this, the following sample dilutions were prepared: CSF was tested neat; serum 



40 
 

was diluted 1:400, saliva was diluted 1:4 and tear fluid was tested neat. A positive control 

was diluted 1:400. 

 

3. Gel electrophoresis 

Once samples were prepared, the gel was placed into the IEF chamber, and the cooling 

unit was set to 10°C.  

The anode was prepared by saturating a strip of filter paper in 0.05M sulphuric acid. The 

cathode was prepared by saturating another strip of filter paper in 1M sodium hydroxide. 

Both electrodes were placed on the anodal and cathodal side of the gel respectively, 7cm 

apart. 

The diluted samples were vortexed, then 5µl of each sample were pipetted onto the 

sample applicator, placed 0.5cm from the anode.  

The electrophoresis power unit was programmed to the following settings: 1250V, 100mA 

and 20W. Throughout the run, the power supply is paused incrementally to ensure 

condensation within the chamber did not interfere with the migration. The migration 

stopped automatically at 1000VH. 

 

4. Gel transfer 

Following electrophoresis, the gel was removed from the chamber. Firstly, a single sheet 

of nitrocellulose membrane (Ultra-Cruz/Santa Cruz Biotech #201698) was applied for 10 

seconds and promptly removed. The purpose of this step was to remove surface proteins. 

A second sheet of NCM was applied to the surface of the gel, on which the proteins would 
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be transferred. Layered above the NCM were five sheets of filter paper to absorb excess 

moisture and a 2.5kg weight. This was left to transfer for 30 minutes.  

 

5. Blocking 

Block was prepared as a 50ml solution of 5% dried milk powder (Marvel) in PBS. The filter 

paper and weights were carefully removed from the gel. The NCM was heat fixed then 

placed into a container and the prepared block solution was added. The NCM was blocked 

for 30 minutes on a rocking platform at room temperature. After the incubation, the NCM 

was washed three times with tap water. 

 

6. Antibody incubation 

The antibody staining steps differed between the separate IgG and total free and bound 

immunoglobulin assays. 

For IgG staining (the gold standard clinical method), the NCM was placed into a 0.2% 

solution of milk powder. The secondary antibody was added in a 1:800 dilution. This was 

incubated on the rocking platform for 1 hour at room temperature. After the incubation, the 

NCM was washed thoroughly, 20 times with tap water, then immersed in PBS for 5 

minutes, on the rocking platform. 

For immunoglobulin staining, two antibody staining steps are required. Firstly, the NCM 

was placed into a 0.2% solution of milk powder. The primary antibodies, BUCIS14 and 

BUCIS19 were added at a 1:800 dilution. This was incubated on the rocking platform for 1 

hour at room temperature. After the incubation, the NCM was washed thoroughly, 20 times 

with tap water, then immersed in PBS for 5 minutes. Next, the NCM was transferred into 
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another container of a 0.2% solution of milk powder. The secondary antibody, goat anti-

mouse IgG Human-ads HRP conjugate (Southern Biotech #1030-05) was added at a 

1:500 dilution. This was incubated on the rocking platform for 1 hour at room temperature. 

After the incubation, the NCM was washed thoroughly, 20 times with tap water, then 

immersed in PBS. 

 

7. Development 

Development solution was prepared by dissolving one Tablet of 3, amino-9-ethylcarbazole 

(Sigma-Aldrich # A5754) in 2.5ml 100% methanol. In a separate tube, 835µl of sodium 

acetate (Sigma-Aldrich #567422) and 33ml 30% hydrogen peroxidase (Sigma-Aldrich 

#H1009) was added to 50ml deionised water. Just before development the two mixtures 

were combined and poured onto the NCM. This was covered from light and incubated on 

the rocking platform for 10-15 minutes.  

The development was stopped by washing the NCM 20 times in tap water then in 

deionised water 5 times. 

When development was finished, the NCM was removed from the container and left to dry 

overnight on filter paper, covered from light. Alternatively, for same day analysis, the NCM 

was dried in a warm room at 37°C for 5 minutes. 
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The result of IEF is qualitative thus subjective to the operator of the assay. Therefore, 

standard practise is initial interpretation, followed by a second opinion by a senior member 

of staff from the Clinical Immunology Service. Second opinion was provided by the Clinical 

Immunology Service Biomedical Scientists: Mrs Beena Emmanuel and Mr Bilal Jeewa. 

 

3.11 Statistical analysis 

All data was analysed using GraphPad prism software (Version 10.1.0). A paired T-test 

was used to compare right and left tear parameters. ANOVA was used to compare all 

parameters between healthy donor, MS patients and NCC cohorts. All data presented in 

tables were reported as median (range). 
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4.2 Saliva and tear flow rates 

Saliva and tear flow parameters are displayed in Table 4.3, presented as median and 

range, whilst graphical representations are shown in Figure 4.1.  

When compared with healthy donors, saliva flow rate is significantly lower in both MS 

patients and NCCs. However, the difference between MS patients and NCCs is non-

significant. 

A similar pattern is observed in tear flow rate, in which tear flow rate is also significantly 

lower in MS patients and NCCs compared to healthy donors. Although the tear flow rate in 

MS patients appears slightly lower than the NCCs, the difference is again non-significant.  

It is worth noting that a Schirmer strip saturation of 5mm or less, equating to a tear flow 

rate of 1mm/minute or less indicates severely dry eyes. None of the healthy donors were 

classed as having severely dry eyes, yet both the MS and NCC cohort had 37% and 27% 

of their respective cohort falling into this category. 
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Figure 4.3 Comparison of left and right eye tear parameters. 
 A: Tear flow rate. B: FLC Kappa concentration. C: FLC Lambda concentration. D: FLC 
Kappa secretion rate. E: FLC Lambda secretion rate. Median line shown in blue. (ns= 
p>0.05, * = p≤ 0.05, ** = p≤ 0.01, *** = p≤ 0.01, **** = p≤ 0.0001). 
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4.5.1 Serum 

Serum parameters are displayed in Table 4.3 and Figure 4.4. There are no significant 

differences in serum IgG, IgA, or IgM concentrations between the cohorts.  

An elevation of Kappa and Lambda FLC concentrations was noted in both MS and NCC 

groups compared to healthy donors, meaning the FLC sum was slightly higher and the 

FLC difference was slightly lower in these groups. However, these trends were only 

significant in the NCC group. Notably, 40% of MS patients 38% of the NCC cohort 

exceeded the healthy range of serum Kappa FLC concentration as defined by NHS 

serology parameters (see Appendix 4), whilst none of the healthy donors had out-of-range 

Kappa concentrations. 

Additionally, Kappa: Lambda ratios are significantly higher in both MS patients and NCCs, 

although this difference is more profound in the MS group, the difference between MS 

patients and NCCs was not statistically significant. 
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4.5.2 Saliva 

Saliva parameters are displayed in Table 4.3 and Figure 4.5. A non-significant trend 

decrease in Kappa FLC concentration was observed in both MS patient and NCC cohorts 

when compared to healthy donors. However, when normalised to secretion rate, this 

difference became significant. The difference between MS patients and NCCs was not 

statistically significant.  

No significant differences were observed in Lambda FLC concentration or secretion rates 

between the cohorts. However, decreased sum secretion rates were observed in both MS 

and NCC groups and the difference between Kappa and Lambda secretion rates were 

increased when compared with healthy donors. Again, differences between MS and NCC 

were non-significant. 

Furthermore, the Kappa: Lambda concentration and secretion ratios were found to be 

significantly lower in both MS patient and NCC groups compared with healthy donors. 

Once again, the difference between MS patients and the NCC cohort was non-significant. 
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4.5.3 Tears 

Tear parameters are displayed in Table 4.3 and Figure 4.6. Kappa FLC concentration in 

MS patients, Lambda FLC concentrations in MS patients and NCCs and sum FLC 

concentrations in MS patients were significantly higher compared to healthy donor values. 

Despite the differences in FLC concentrations, when normalised to secretion rates, 

levelled out and were not statistically significant. 
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4.6 IEF results 

4.6.1 IEF resolution optimisation 

All samples were tested on IEF twice. Firstly, using IgG immunostaining (standard in 

clinical diagnostics) and secondly using total immunoglobulin staining. Contrast between 

OCB bands and background signal were sometimes slightly higher when staining for total 

immunoglobulin compared with IgG immunostaining (see Figure 4.7). 

 

4.6.2 IEF results 

A summary of IEF results is displayed in Table 4.4. Of the five healthy donors tested for 

OCBs via the IEF method, all five were OCB negative in the collected serum, saliva, and 

tear samples. CSF was not collected for this cohort. Of the 20 MS patients, 18 were OCB 

positive and two were OCB negative in CSF. All of the NCC patients were OCB negative. 

Three participants, CIC 031 (MS patient), CIC 006 (NCC) and CIC 011 (NCC) displayed a 

paraproteinemia pattern of bands in all four sample types: CSF, serum, saliva, and tears 

Example immunoblots for these participants are shown in Figure 4.8. 

As shown in Table 4.4, with examples of immunoblots shown in Figure 4.9, OCB presence 

in saliva and tears is faint and variable. 25% MS patients exhibited bands in saliva and 

20% in tears. Additionally, results were not always consistent between using IgG and total 

immunoglobulin staining. For two participants (CIC 016 and CIC 022), OCBs could be 

visualised in tears when stained for IgG but not when stained for total immunoglobulin, 

(see Figure 4.9). Examples of a healthy donor (MSS 003) and NCC (CIC 044) and OCB 

negative MS patients (CIC 018 and CIC 035) are additionally displayed in Figure 4.9. 
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Figure 4.7 Example of OCB IgG versus OCB total free and bound immunoglobulin. 
IEF immunoblots stained with IgG and total immunoglobulin. All three participants shown 
are MS patients. IEF immunoblots are interpreted by eye according to the SOPs. A slightly 
deeper contrast between oligoclonal banding and polyclonal banding can be observed 
when staining for total immunoglobulin instead of IgG (standard clinical method). The 
process of scanning reduces the resolution of the staining. Images were captured with a 
smartphone camera as this produced the highest quality images. 

 

 

Figure 4.8 Example of paraproteinemia in CSF, serum, saliva, and tears.  
IEF immunoblots stained with IgG (top) and total immunoglobulin (bottom). CIC 031(left) 
was an MS patient, CIC 006 (right) was an NCC but for both patients, paraproteinemia 
ladder pattern was observed. IEF immunoblots are interpreted by eye according to the 
SOPs. The process of scanning reduces the resolution of the staining. Images were 
captured with a smartphone camera as this produced the highest quality images. 
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Figure 4.9 OCB in tears and saliva of MS patients 
IEF immunoblots stained with IgG (left) and total immunoglobulin (right). OCB in saliva and 
tears encircled. IEF immunoblots are interpreted by eye according to the SOPs. The 
process of scanning reduces the resolution of the staining. Images were captured with a 
smartphone camera as this produced the highest quality images. 
 

Figure 4.9 continues on the following page. 
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Figure 4.9 (continued) OCB in tears and saliva of MS patients 
IEF immunoblots stained with IgG (left) and total immunoglobulin (right). OCB in saliva and 
tears encircled. IEF immunoblots are interpreted by eye according to the SOPs. The 
process of scanning reduces the resolution of the staining. Images were captured with a 
smartphone camera as this produced the highest quality images. 
 

Figure 4.9 continues on the following page. 
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Figure 4.9 (continued) OCB in tears and saliva of MS patients 
IEF immunoblots stained with IgG (left) and total immunoglobulin (right). OCB in saliva and 
tears encircled. IEF immunoblots are interpreted by eye according to the SOPs. The 
process of scanning reduces the resolution of the staining. Images were captured with a 
smartphone camera as this produced the highest quality images. 
 

Figure 4.9 continues on the following page. 
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Figure 4.9 (continued) OCB in tears and saliva of MS patients 
IEF immunoblots stained with IgG (left) and total immunoglobulin (right). OCB in saliva and 
tears encircled. IEF immunoblots are interpreted by eye according to the SOPs. The 
process of scanning reduces the resolution of the staining. Images were captured with a 
smartphone camera as this produced the highest quality images. 
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5. DISCUSSION 

5.1 Study outcomes 

This study investigated the detection of OCBs and elevated FLCs in saliva and tear fluid to 

explore potential implementation in MS diagnosis, monitoring, and prognosis. Evidence in 

the literature regarding the utility of saliva and tear biomarkers was variable. However, the 

minimally invasive, simple, and cost-effective methods of collection highlighted them as 

attractive candidates for applications in MS. Additionally IEF and FLC ELISAs have 

undergone thorough optimisation by the Clinical Immunology Service, ensuring high levels 

of sensitivity to enable the accurate analysis of these specimens. 

 

5.1.1 IEF findings 

IEF analysis was conducted on all 20 MS patients, along with a matched number of non-

MS NCCs and healthy donors. OCB presence in the tears and saliva was rare and 

inconsistent in the MS group and absent in the NCC and healthy donor cohorts. 

Furthermore, OCB presence in immunoblots applying IgG or total free and bound 

immunoglobulin staining could be inconsistent for the same sample. Inconsistencies within 

the MS cohort may reflect the characteristic heterogeneity of the condition, making the 

presence of OCB in tears and saliva an unsuitable replacement for CSF. Additionally for 

the few OCBs observed in saliva and tears, the banding pattern was distinct to that in the 

CSF, suggesting there is no crossover of OCBs into the saliva and tear compartments 

from the CSF and any banding is a result of local inflammation. 

The earliest investigations into OCB in tears using IEF was conducted by Coyle who 

reported their presence in 67% MS patients who were tested (86). Subsequent works by 
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Forzy (96), Devos (97), Calais (98) and Lebrun (99) agreed concordance between MS 

diagnosis and the presence of OCB in tears. However, studies carried out by Mavra (100), 

Liedke (101), Martino (102), and Hummet (87) were unable to replicate comparable results 

thus could not recommend it as a suitable biomarker. Variations between the studies in 

cohorts, sample collection methods and analysis made direct comparisons challenging. 

Notably, the publications arguing for the presence of tear OCBs were produced by the 

same lab group (96–99) and have already been criticised for lacking clear evidence of 

banding, often providing only one example per report (103). Furthermore, these papers did 

not publish examples traces of healthy donors. Although IEF immunoblots can be difficult 

to capture clearly, completely omitting qualitative data from a paper employing qualitative 

techniques made it difficult to examine the literature. Understanding the authors definition 

of what constitutes a band would help decipher the differences in OCB detection between 

studies, whether due to methodological or interpretive techniques. The fact that four further 

studies, carried out by separate lab groups, could not advocate for OCB detection in tears 

adds to scepticism regarding the findings. 

An interesting find was the presence of a monoclonal gammopathy of undetermined 

significance (MGUS) banding pattern in CSF, serum, saliva, and tears. MGUS, a precursor 

condition to multiple myeloma (104), is characterised by the presence of a monoclonal 

“ladder” banding pattern and is found in 3% of the over-50 population in the UK (105). 

Internal investigations within the Clinical Immunology Service have detected MGUS to a 

very high sensitivity. Consequently, this incidental finding may demonstrate that the 

absence of OCBs found in the tears and saliva is not due to method sensitivity, but pure 

absence of the markers in the sample types. 
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Improved resolution could be observed in some of the immunoblots when employing total 

immunoglobulin staining instead of IgG (diagnostic standard). In some cases, immunoblots 

may appear unclear, particularly in specimens with high background polyclonal banding. 

This can lead to discrepancies among users and prolonged result turnaround times, as 

interpretation of isoelectric focusing (IEF) is subject to individual perception. Consequently, 

any enhancements in immunoblot resolution could alleviate this problem. Exact protein 

concentrations of samples applied to IEF were not standardised, resulting in cautious 

interpretation. However, employing this in a future study would aid a more comprehensive 

investigation into the immunoblotting method optimisation. 

 

5.1.2 FLC findings 

Serum IgGAM and FLC parameters were measured using the Optilite analyser, the Kappa 

and Lambda FLC ELISA was optimized for detection in saliva and tear fluid. Reference 

ranges were generated in serum saliva and tears in all three cohorts.  

In agreement with the hypothesis, MS patients and NCCs demonstrated elevated Kappa 

FLCs in serum compared to healthy donors. Although this difference was only statistically 

significant in the NCC group, substantial proportions of both cohorts demonstrated Kappa 

values above the NHS-defined healthy threshold which would warrant further clinical 

investigations. As a result, Kappa: Lambda FLC ratios were significantly higher in MS 

patients and NCCs, although there is no significant difference between MS patients and 

NCCs. These trends in serum were expected, as Kappa FLCs are synthesised by B-cells 

during an immune response, thus may reflect the heightened B-cell activity in MS and any 

other auto-immune or inflammatory conditions observed in the NCC group (106). 
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Surprisingly, normalising saliva FLC concentrations to secretory rates revealed the 

opposite trend to serum. Saliva secretion rates of Kappa and Lambda FLCs were 

significantly lower in MS patients than in healthy donors. As a result, sum secretory rates 

and Kappa: Lambda ratios were also lower. Again, these differences were not statistically 

significant between MS patients and NCCs. This could be explained by the dysregulated 

nature of the immune system observed both in MS patients as well as the varied 

neurological, immune, or other conditions exhibited by the NCC group. Although MS 

patients had not yet begun targeted interventions, both the MS group and NCC group may 

be prescribed symptom-specific medications, such as anti-inflammatories, painkillers, 

muscle relaxants, anti-depressants, and digestion-related medication as well as non-

specific immunosuppressants and steroids. Medication is just one factor that may explain 

a decrease in mucosal inflammation. However, data on individual medication use was not 

collected during this study and therefore cannot be used to investigate the trend further.  

In tear fluid, Kappa FLC concentration in MS patients, Lambda FLC concentrations in MS 

patients and NCCs and sum FLC concentrations in MS patients were significantly higher 

compared to healthy donor values. Despite this, the differences in FLC concentrations, 

when normalised to secretion rates, levelled-out and were not statistically significant. 

Further investigations could be designed to understand the underlying mechanisms behind 

this trend. As tear flow rates were typically lower in MS patients and NCC cohorts, perhaps 

a protective compensatory mechanism exists to maintain stable secretion of inflammatory 

FLCs, particularly as the eye exists as an immune privileged site (107). 

Notably, many of the trends seen in FLC parameters are significant compared to healthy 

donors, but non-significant between MS and NCC groups. This prompts the question of 
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whether the patterns observed in FLC parameters are indicative of general auto-immune, 

inflammatory, or neurological conditions, rather than distinct markers of MS. 

The utility of serum and CSF FLC quantification in MS has been well documented and 

displays a similar diagnostic sensitivity to OCBs (55,108). The kappa FLC index is a 

measure of intrathecal synthesis of kappa FLCs by taking albumin levels (a measure of 

BBB function) and serum FLCs into account (109). The Kappa FLC index can be 

quantified using Optilite or similar serology analysers as potential replacements for the 

more complex IEF technique. Future studies could apply the FLC ELISA to CSF and 

investigate concordance with the Optilite analyser. It would additionally be helpful to 

measure FLC parameters in CSF, to quantify the concordance of FLC between saliva and 

tear compartments. 

 

5.1.3 Saliva and tear flow rates 

Both saliva and tear flow rates were substantially lower in the MS patient and NCC groups 

when compared with the healthy donors, and participants with severely dry eyes were only 

observed in the MS and NCC groups. It must be noted that dry eye disease is a condition 

of its own but given its complete lack of incidence in the healthy donor group, this could be 

a significant “red flag” symptom when coupled with other signs of neurodegeneration. This 

may indicate a decline in glandular function associated with the neurodegeneration seen in 

MS patients. Again, additional factors such as age (significantly higher in MS and NCC 

groups) and medication use in the MS and NCC cohorts may be contributing to this trend 

and should be investigated further (110). 

 



72 
 

5.1.4 Saliva and tear fluid as accessible sample types 

The Clinical Immunology Service Kappa and Lambda FLC ELISAs and IEF method to 

detect OCBs are capable of high sensitivity detection required for non-invasive tear and 

saliva specimens. Therefore, the combined utility of these methods offered a promising 

approach in capturing any differences in saliva and tear OCB and FLC profiles in MS 

patients, provided they exist. While the present study was unable to prove their clinical 

utility for applications in MS, both saliva and tear fluid proved to be accessible sample 

types, exhibiting low rates of sample collection abnormalities or withdrawals.  

In the case of tear collection, two participants withdrew from donating tears, with one 

requesting for tears to be extracted from one eye only. Three participants did not secrete 

enough tear fluid to be analysed. Collection time was not extended further to prioritise 

patient comfort, however the protocol for tear collection could be revisited, given the low 

tear secretion in the patient cohorts.  

In terms of saliva collection, one patient withdrew from donation and two participants 

experienced significant discomfort following the lumbar puncture, preventing their ability to 

sit upright for sample collection according to the protocol. This highlighted the discomfort 

associated with lumbar punctures and the subsequent demand for less invasive sample 

collection. 

Typically, the entire appointment to collect serum, saliva, and tears ranged from 20 to 30 

minutes. In contrast, lumbar punctures typically require 30 minutes to an hour alone, 

excluding extra appointments and occasional arrangements for x-ray guided procedures. 

Additionally, the process of collecting the samples proved to be straightforward, and any 
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clinical staff member could be trained. This demonstrated the efficiency and simplicity of 

saliva and tear collection in comparison to CSF. 

Although qualitative data regarding patient opinions and comfort ratings were beyond the 

terms of ethical approval, there was an extremely high overall willingness to participate in 

the study and low discomfort levels during the saliva and tear collection were observed. 

Outside the context of MS, measuring alternative biomarkers in saliva and tears could be 

valuable for other clinical applications, to simplify testing and improve patient experience. 

 

5.2 Study limitations 

In terms of meeting the aims of the study, the project was successful in recruiting the 

target of 40 healthy donors, and 80 patients. Serum, saliva, tears, and CSF (in the MS 

patients and NCC group only) were collected and analysed by ELISA and IEF methods. 

Whilst this study has provided additional insights into saliva and tear analysis, the following 

limitations and improvements should be acknowledged for future investigations. 

The proportion of MS patients was lower than the anticipated 40, lowering the statistical 

significance and reproducibility of the results. An extended recruitment period could not be 

granted within the terms of the ethical approval for this study but could be expanded in 

subsequent studies. 

The healthy donor cohort was recruited from a narrow demographic, who were primarily 

students and staff at the Medical School, Institute of Immunology and Immunotherapy and 

Clinical Immunology Service. The likelihood of similar lifestyles, schedules and 

occupations between healthy donors may have introduced a bias. This was due to existing 
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consent and ethical approval for University of Birmingham staff. To avoid this in future 

studies, a more diverse recruitment plan should be implemented. 

Additionally, the NCC cohort was a highly heterogenous population of participants with a 

range of different health conditions, which calls for cautious interpretation of results. Future 

studies should aim for a more homogenous cohort to strengthen reliability of the results or 

a far more meticulous stratification of the cohorts, which would require a much larger 

sample size. 

Furthermore, age, gender, time of day and medication may have an impact on FLC 

parameters (111) but was not controlled for in this study. Future studies could investigate 

these factors in more detail to enhance the precision of FLC measurements and may help 

to explain the variety of results between participants within cohorts. 

To enhance the reliability of tear collection and analysis for other studies, a number of 

validation studies on tear fluid could be performed. For example, the exact volume of tear 

fluid eluted from Schirmer strips was not measured in this study, therefore reported Kappa 

and Lambda FLC values were not absolute. Further protein quantification assays could be 

performed, or the collection of neat tear fluid by capillary tube collection could be trialled. 

Stability assays in the eluted tear samples could also be carried out to assess the shelf life 

of samples once collected and the impact of freeze-thaw cycles on the reproducibility of 

results. 
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5.3 Conclusions  

In conclusion, though the findings of this study may not justify immediate expansion into 

broader clinical investigations, they provide valuable insights into the collection and 

analysis of saliva and tear samples in MS patients.  

The observed high variability in results amongst MS patients, particularly concerning OCB 

presence in tears and saliva, highlight the vast heterogeneity of the disease. Future 

studies could investigate the underlying reasons for these differences.  

Given the complex nature of MS diagnosis, prognosis, and monitoring, caused by diverse 

clinical presentations and variable disease courses, there is an evident need for the 

identification of new biomarkers. Biomarker research has the potential to aid accurate 

stratification of patients, paving the way for more personalised approaches to treatment 

and management of the disease as well as enhancing our understanding of MS 

pathophysiology for the benefit of patients worldwide. 
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