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i 

 

Abstract 

Food allergen oral immunotherapy (OIT) is emerging as a potential treatment for 

food allergy. Probiotic and Peanut Oral Immunotherapy (PPOIT) showed 

effectiveness inducing non-responsiveness to peanut in the immediate post-

treatment period. This doctoral thesis investigates the long-term clinical and 

immunologic effects of PPOIT in children with peanut allergy and the efficacy and 

tolerability of a modified PPOIT dose escalation schedule designed to improve 

treatment feasibility.  
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Preface 

As a clinician, I am honoured and privileged to be involved in the care of children 

with food allergies. I am humbled by the impact on my patients and their families 

of having to live with food allergies and this initially motivated and continues to 

inspire my pursuit of deeper understanding about potential food allergy 

treatments. Joining Professor Mimi Tang’s research group at a time when new data 

was emerging regarding a novel approach to treating food allergy gave me an 

unique opportunity to witness and contribute to the exciting development of this 

candidate therapy. Completing this doctoral thesis has been an incredibly 

interesting and amazing journey and I hope through my writing I can share in the 

excitement of new knowledge discovery with my readers. 
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Chapter 1. Review of the literature 

1.1. Chapter introduction 

The literature review chapter is divided in three sections.  

The first section is a peer-reviewed and published literature review article describing 

novel treatments for established food allergies with a focus on oral immunotherapy 

(OIT). The doctoral candidate aimed to first determine the state of the evidence for OIT 

around the time of commencement of the doctoral research. This section discusses the 

concepts of desensitisation and sustained unresponsiveness as possible clinical 

outcomes following treatment. 

In the second section, the doctoral candidate summarises more recent developments in 

the field of peanut OIT since the publication of the literature review article. 

The third section is a literature review of immune mechanisms mediating clinical effects 

of food oral immunotherapy (OIT). This section describes the effect of OIT on immune 

compartments and describes immune changes associated with post-treatment 

remission of allergic response including desensitisation and sustained 

unresponsiveness. 
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1.2. Novel treatments for established food allergies (the 

accepted manuscript)  

This section is the accepted manuscript version of the peer-reviewed publication[1], 

first-authored by the doctoral candidate. The final publication is available at 

https://link.springer.com/article/10.1007/s40124-016-0116-1. 

1.2.1. Abstract 

Current management of food allergic children centres on allergen avoidance and 

emergency management of allergic reactions due to accidental ingestion. These 

measures minimise harm to patients but the need for constant vigilance and dietary 

restriction may have a major long term negative impact on quality of life. Research has 

focused on searching for a curative treatment that can modify the natural history of 

disease. Both non antigen specific and antigen specific immune modulation approaches 

have been explored. Oral immunotherapy (OIT) has drawn greatest interest as a 

potential treatment for food allergy. OIT is effective at inducing desensitisation, 

however its ability to induce long-lasting tolerance or sustained unresponsiveness 

remains to be confirmed. There is growing evidence that addition of immune modifying 

adjuvants may enhance efficacy of OIT in inducing long-lasting sustained 

unresponsiveness. This article reviews recently published literature on this rapidly 

evolving field.  

Key words: food allergy, desensitisation, tolerance, sustained unresponsiveness, oral 

immunotherapy, adjuvants, quality of life 

1.2.2. Introduction: Food allergy prevalence and current 

management 

Globally there has been a significant increase in the prevalence of food allergy over the 

past two decades. Epidemiologic studies suggest that factors contributing to this 

epidemic may include timing and route of allergen exposure, sunlight exposure, vitamin 

D levels and microbial diversity and composition.  While allergies to egg, milk, wheat 

and soy generally resolve during childhood, the age at resolution appears to be 

https://link.springer.com/article/10.1007/s40124-016-0116-1
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increasing with many cases resolving in adolescence. Furthermore, peanut, tree nut, 

shellfish and fish allergies tend to persist throughout life. The current standard of care 

for children with food allergy includes allergen avoidance and education of patient and 

parent or carer in the recognition and emergency management of allergic reactions. 

Although these measures are designed to minimise harm to a food allergic child, they 

have a major negative impact on the child’s and their family’s quality of life due to the 

constant vigilance required to avoid foods, impact on participation in social events and 

increased fear and anxiety of having a potentially life-threatening allergic reaction. 

There is a need for disease modifying therapy. This article reviews the literature on 

novel approaches to treatment of IgE mediated food allergy in children published in 

recent years. Mechanisms of oral tolerance and immune changes associated with oral 

immunotherapy, covered in a recently published article [2], will not be reviewed here. 

1.2.3. The search for an effective treatment  

There are two outcomes of interest when evaluating the clinical effectiveness of 

potential food allergy treatments - ‘desensitisation’ and ‘tolerance’. Desensitisation 

describes the ability to ingest a food without reaction while maintaining regular 

exposure to that food (for example continuing on oral immunotherapy). Successful 

desensitisation in the absence of tolerance is mediated by changes in effector cells such 

as mast cells and basophils, without modulation of underlying pathogenic immune 

mechanisms. ‘Tolerance’ on the other hand is the ability to ingest a food without 

reaction even after discontinuation of exposure to the food for a period of time. 

Tolerance is believed to reflect sustained reprogramming of the immune response to 

allergen, involving T regulatory cells (Treg) and/or allergen-specific anergy and clonal 

deletion. Desensitisation can be evaluated clinically by administering a food challenge 

while a subject is still receiving oral immunotherapy or eating regular doses of the food. 

In contrast, tolerance is confirmed by performing a food challenge after oral 

immunotherapy or intake of the food has been stopped for an extended period of weeks 

to months. Currently, there is no consensus on the exact duration of secondary 

elimination that is required to demonstrate true long-lasting tolerance. For this reason, 

some experts have introduced the term ‘sustained unresponsiveness’ (SU) in place of 
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tolerance to acknowledge that the ability to tolerate a food after discontinuation of OIT 

may not be long-lasting and may not represent a permanent state of immune tolerance. 

1.2.4. Non-antigen specific immune modulation 

One approach to treatment of food allergy is to induce desensitisation or tolerance in a 

non-antigen specific way.  

Monoclonal antibodies (mAb) targeting IgE induce suppression of basophil FceRI 

expression which may confer clinical protection against a reaction following allergen 

exposure. Early studies of anti-IgE mAb (either HU-901 or omalizumab) for treatment of 

peanut allergy described enhanced tolerability of peanut in peanut allergic individuals. 

A recent pilot study [3] treated 14 peanut allergic subjects (aged 18 to 50 years) with 

omalizumab for 6 months and demonstrated a greater than 50 fold increase in the 

median reaction eliciting dose of peanut double blind placebo controlled food challenge 

(DBPCFC) (80mg versus (vs) 5080mg, p=0.005). Mechanistic studies showed 

suppression of basophil histamine release within 8 weeks of treatment and later onset 

suppression of mast cell reactivity by 6 months. These findings suggest that anti-IgE 

treatment can improve tolerability of allergen and is associated with suppression of 

effector cell function. However, it remains unclear whether such treatment modulates 

adaptive immune responses or can induce long-lasting tolerance. 

FAHF-2 is a 9 herb Chinese herbal formula, which in animal model studies and phase 1 

trials was found to be safe and well tolerated. In a multi-centre DBPC phase 2 

randomised clinical trial [4], 68 subjects (aged 12-45 years) with challenge confirmed 

allergies to one or more foods including peanut, tree nut, sesame, fish and/or shellfish, 

were randomised to receive FAHF-2 (n=46) or placebo (n=22) for 6 months without 

concurrent exposure to the offending allergen. FAHF-2 was not superior compared to 

placebo at improving tolerance to food allergens. Surprisingly, the placebo treated 

subjects had a high rate (45.5%) of treatment success (the study’s primary outcome), 

defined as being able to consume 2 g of allergen protein on double blind placebo 

controlled food challenge (DBPCFC) or a greater than 4-fold increase in allergen dose 

required to induce a reaction when compared to the baseline reaction inducing dose. 

Even using more stringent criteria of clinical response, i.e. a 10-20-fold increase in the 
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amount of allergen protein tolerated, the placebo-treated group attained a high rate of 

success (13.6%) within a short period of time. The authors could not explain the high 

rate of treatment success amongst placebo participants given the generally accepted 

rates of spontaneous resolution of allergy to peanut (0-15%), tree nut (up to 10%), fish 

(1%) and shellfish (2%). This highlights the importance of including a placebo group in 

clinical trials evaluating food allergy treatments. Interestingly, despite a lack of clinical 

effect in vivo, in vitro culture of participants’ peripheral blood mononuclear cells 

(PBMCs; obtained at study entry) with food allergen showed significant differences in 

interleukin (IL)-5 (lower), IL-10 (higher) and CD4+CD25+Foxp3+ T-regulatory (T-reg) 

cell numbers (higher) in the presence of FAHF-2 compared with media control. This 

suggests that co-exposure to antigen and FAHF-2 may be required to induce antigen 

specific switch from allergic to tolerogenic responses, and/or that the concentrations of 

FAHF-2 achieved in vivo were insufficient to reprogramme the immune response to 

allergen. 

1.2.5. Antigen specific immune modulation  

Noon and Freeman first described allergen specific immunotherapy over 100 years ago. 

Since then immunomodulation of antigen specific responses through the gradual 

exposure to offending allergen by subcutaneous injection has become standard of care 

for patients with severe allergic rhinitis or asthma and for insect venom anaphylaxis. 

Attempts at food allergen specific subcutaneous immunotherapy were associated with 

safety concerns. Subsequent studies of sublingually delivered food immunotherapy did 

not confer adequate levels of protection. Therefore, oral immunotherapy (OIT) has 

remained the major focus of ongoing study in the search for an effective food allergy 

treatment. 

OIT involves the oral administration of increasing doses of food allergen starting at very 

low doses and building up to a higher maintenance dose. Modern OIT regimens 

generally comprise a rapid induction phase, a gradual build-up phase and a 

maintenance phase. During the rapid induction phase, the dose is rapidly increased 

from fractions of milligrams to tens of milligrams over several hours. In the build-up 

phase, the patient continues to take the last tolerated dose on a daily basis, with dose 

increases performed periodically (usually every 2 weeks) over a number of months 
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until the target maintenance dose is reached. After reaching the maintenance dose, the 

same dose is maintained on a daily basis for months to years. 

1.2.6. OIT using whole food protein  

1.2.7. Inducing desensitisation 

Early studies of OIT focused on evaluating the effectiveness of OIT at inducing 

desensitisation. Results of these earlier studies have been summarised in recent meta-

analyses and systematic reviews [5-7].  

A meta-analysis of five cow’s milk randomised controlled trials (RCT) published up to 

October 2012 involving a total of 196 patients (106 active OIT treatment and 90 

controls) reported successful desensitisation, defined as being able to tolerate a 200ml 

serve of cow’s milk, in 62% of children in the OIT group compared to 8% of the control 

group (Yeung, Kloda et al. 2012). More recent studies report similar desensitisation 

rates of 61-88% [8] [9]. 

A Cochrane review of double blind placebo controlled (DBPC) RCT of egg OIT published 

up to December 2013 included four studies involving 167 egg allergic children (100 

active OIT treatment and 67 controls) [6]. 39% of children in the OIT group were 

successfully desensitised, defined as being able to tolerate a full serving of egg (10-13.6 

g of egg protein or 10mL raw egg white) compared to 11.9% of the control group, with a 

pooled relative risk ratio (RR) of 3.39 (95% confidence interval (CI) 1.74-6.62). Partial 

desensitisation (being able to tolerate 1 to 7.5 g of egg protein) was achieved in 79% of 

the OIT group, resulting in a pooled RR of 5.73 (95% CI 3.13 to 10.50). However, the 

range of treatment duration in the included studies was wide (6 to 22 months) and the 

meta-analysis did not adjust for the potential effect of treatment duration on outcome. 

Reporting of adverse events (AE) was highly heterogeneous. 69% of children reported 

mild to severe AE during OIT treatment with pooled RR of 6.06 (95% CI 3.11 to 11.83). 

Overall, 5 out of 100 (5%) OIT treated participants required adrenaline.  

A meta-analysis of all peanut OIT and sublingual immunotherapy (SLIT) DBPC RCT 

published up to March 2013 included 1 OIT study (19 active treatment and 9 placebo 

treatment, children 2-11 years) and 2 SLIT studies (31 active treatment and 27 placebo 
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treatment, children and adults) [7]. Random effects model analysis of pooled results 

found that OIT or SLIT had a positive effect on peanut allergy, as defined by the ability 

to tolerate an increased amount of peanut protein from the start of therapy, with 86% 

(43/50) in the active treatment group achieving the primary outcome compared to 

8.3% (3/36) in the control group (odds ratio [OR], 38.44; 95% CI, 6.01-245.81). There 

was no difference in the number of patients needing adrenaline between groups (OR, 

0.51; 95% CI, 0.03-10.20).  

A more recent RCT evaluating the effect of low dose peanut OIT at a target maintenance 

dose of 0.8 g/day of peanut protein for six months included 99 peanut allergic children 

aged 7 to 16 years of age [10]. 62% (24/39) of the active treatment group compared to 

none (0/46) in the placebo treated group achieved the primary outcome of passing a 

desensitisation DBPCFC to a cumulative dose of 1.4 g of peanut protein. The median 

increase in peanut threshold after OIT was 1345 mg (range 45-1400; p<0.001) equating 

to a 25.5 fold increase (range 1.82-280; p<0.001). Limited mechanistic studies 

performed after 6 months of treatment demonstrated reduced peanut skin prick test 

wheal size and increased peanut sIgE but no change in basophil reactivity.  

Overall, reported rates of desensitisation from cow’s milk, egg and peanut OIT studies 

range from 40-90% in actively-treated subjects, compared to 0-12% of control or 

placebo-treated subjects, indicating that OIT can induce desensitisation. However, it is 

important to highlight that there is significant heterogeneity in treatment protocols 

including duration of treatment, study design and outcome measures, which may limit 

comparability of reported outcomes.  

1.2.8. Long-term outcomes in subjects achieving desensitisation  

It is important to understand long term outcomes following OIT when considering the 

risk vs benefit of this treatment approach. Keet et al presented long-term follow-up data 

on 32 children from 2 early cow’s milk OIT studies [11]. In both studies, desensitisation 

was the primary outcome and participants were advised to continue regular cow’s milk 

intake following completion of the studies. After a median of 4.5 years in the first study 

and 3.2 years in the second study, 7 of 32 (22%) participants were limiting their cow’s 

milk intake due to symptoms and only 25% of children had no symptoms with long-
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term cow’s milk intake. Moreover, 22% (6/27) of participants who continued regular 

cow’s milk intake reported at least one episode of anaphylaxis and one subject who 

maintained regular cow’s milk intake reported using intramuscular adrenaline at least 

twice a month for reactions to cow’s milk. Similarly two other long term follow-up 

studies reported that 58-81% of cow’s milk desensitised children were able to maintain 

regular cow’s milk intake up to seven years after completion of treatment, however 

cow’s milk induced symptoms were reported by 18-50% of participants [12 13].  

These findings suggest that desensitisation may not be an optimal outcome for patients 

with food allergy in the longer term as allergic reactions are common and can occur 

unexpectedly. Further studies evaluating quality of life measures, as well as the 

frequency and severity of allergic reactions in desensitised individuals compared with 

those maintaining allergen avoidance are required to clarify the benefits and safety of 

desensitisation as an outcome in food allergic patients.  

1.2.9. Sustained unresponsiveness  

The ability to tolerate a food allergen after OIT has been discontinued for a period of 

time, referred to as sustained unresponsiveness (SU), has been assessed in a small 

number of studies. 

An early egg OIT RCT [14] reported that 11 of 40 (27.5%) egg OIT (receiving 2 g/day of 

egg protein) treated children achieved SU (secondary elimination period of 4 to 6 

weeks) after 22 months of treatment compared with 0% (0/15) of placebo treated 

participants. It is important to note that placebo participants were unblinded after 10 

months and assessment for SU was only performed if their egg sIgE fell below 2 kU/L; 

hence, only 1 of 15 placebo participants underwent the second oral food challenge to 

assess for SU at 22 months, whereas SU food challenges was completed for all active 

(OIT treated) participants who had not withdrawn from the study by that time point. 

This study design introduces bias and findings should be interpreted with caution. In a 

follow up study, OIT was continued in OIT treated participants who failed to achieve SU 

at 22 months until such time as their egg sIgE fell below 2 kU/L. SU was achieved in 20 

of 40 subjects (50%) after up to 4 years of treatment, however once again this finding 

should be interpreted with caution since there was no parallel placebo treated 
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comparison group to control for natural resolution of egg allergy [15]. Two other 

studies in which participants received active egg OIT for shorter periods (one egg or 

approximately 6 g of egg protein every 48 hours for 3 months [16]; 4 g/day for 4 

months followed by 6 months ad libitum egg containing diet [17]) reported lower rates 

(31-37%) of SU. These findings suggest that duration of treatment and/or cumulative 

OIT dose (as a product of maintenance dose and the duration on maintenance dose) 

may affect the likelihood of achieving SU.  

An open uncontrolled study of peanut OIT [18] involving 39 peanut allergic children 

(age 1-16 years) (maximum maintenance dose of 4 g peanut protein/day), reported that 

12 of 24 children evaluated at trial end achieved SU and passed a 5 g peanut protein 

DBPCFC following 4 weeks of secondary peanut elimination [19]. However, it should be 

noted that the criteria for stopping a patient’s treatment and administering the SU 

challenge was a reduction in peanut sIgE to below a certain threshold which was 

changed (from <2 kU/L to <15 kU/L) half way through the study, resulting in significant 

variability in treatment duration (mean 4.0 years, standard deviation 1.8 years). 

Furthermore, the study lacked a placebo group to control for the natural rate of 

resolution, which is relevant given the extended follow-up period. A recent peanut OIT 

study involving younger children (age 9-36 months) employed a similar study design, 

whereby treatment was continued and SU assessed only upon achievement of pre-

specified benchmarks - at least 12 months in the maintenance phase; peanut sIgE ≤15 

kUA/L; SPT ≤8mm; and no severe peanut-related symptoms in the previous 6 months. 

After a median duration of treatment of 2.4 years (IQR 2.1-3.9 years) at maintenance 

doses of 300mg (n=20) or 3000mg (n=17), 78% (29/37) of participants passed a 5 g 

peanut protein DBPCFC following 4 weeks of secondary peanut elimination [20]. 

Several caveats should be noted when interpreting these findings. Firstly, the study did 

not include a ‘no-treatment’ or placebo control group, but included a retrospective 

cohort of age-matched peanut allergic patients receiving standard care (n=154) 

followed for an average of 3.6 years (95%CI 3.3-3.8 years). The rate of natural 

resolution of peanut allergy amongst controls was estimated to be 4%, however the 

accuracy of this estimate is uncertain given the likely bias in both the selection of the 

control group and the decision to perform a food challenge to assess for tolerance. 

Indeed, the rate of resolution of peanut allergy over a similar time frame was reported 
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to be 22% (over ~3 years) in the HealthNuts study, which uniformly evaluated all 

participants for resolution of challenge proven peanut allergy at age 4 years; and 23% 

(over 4.6 years) in a study by Fleischer et al which challenged patients to assess for 

tolerance if their peanut sIgE had dropped to <5 kUA/L [21 22]. Secondly, baseline 

peanut sIgE levels amongst OIT treated participants tended to be lower than values in 

the control group, which may influence outcomes as lower peanut sIgE is associated 

with greater likelihood of natural resolution of peanut allergy [21]. Moreover the 

investigators observed that OIT treatment failures had significantly higher baseline 

peanut sIgE than treatment successes. To address these caveats, Vickery et al performed 

a worst-case analysis where they reclassified OIT treated participants who had baseline 

peanut sIgE <5kUA/L as treatment failures and recalculated the rate of resolution of 

peanut allergy in the controls based on sIgE levels, and found a much smaller difference 

in estimated rate of resolution of peanut allergy between groups (57% in OIT 

participants v.s. 31% in controls; (RR 1.8, 95%CI 1.3-2.6, p=0.007). Hence, for both the 

peanut OIT studies described above, significant variability in treatment duration and 

the lack of appropriate controls introduce bias and make reported findings difficult to 

interpret. 

An open pilot peanut OIT study involving 23 patients (aged 5-45 years) who received 

peanut OIT at a maintenance dose of 4 g/day and 20 age matched control patients (aged 

6-20 years) who maintained avoidance of peanut for 24 months reported SU (13 weeks 

after cessation of OIT) in 35% (7 of 20, excluding 3 who were not able to complete 24 

months of treatment) of participants in the active treatment group compared with 0% 

in the placebo group. After a further 3 months of peanut avoidance (6 months after 

cessation of peanut OIT), only 15% (3 of 20) OIT treated participants maintained SU 

[23]. Immune studies revealed upregulation of antigen specific T-regulatory cells (Treg), 

enhanced in-vitro suppressor function and epigenetic changes in T cells of subjects 

achieving SU. However, no difference in peanut-specific antibody levels or basophil 

response were found. 

Taken together, these studies suggest that OIT may have a limited ability to induce SU in 

around 30%-50% of patients with egg or peanut allergy and may be more effective if 

commenced in children under the age of 3 years. 
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1.2.10. Long term outcomes in subjects achieving SU 

Only one study has evaluated long term clinical outcomes in participants who achieved 

SU at least one year after discontinuation of treatment. 

Jones et al, administered two follow-up questionnaires to assess long-term effects of egg 

OIT. The first questionnaire was administered after the last subject completed OIT and 

study challenges and the second questionnaire was administered around one year later. 

The range of follow-up period following discontinuation of study treatment at the time 

of administration of the questionnaires, although not described in the study, is expected 

to be wide (estimated to be 1-5 years after stopping OIT for the second questionnaire) 

and introduces potential reporting bias. Acknowledging this limitation, at the time of 

the first questionnaire a significantly higher proportion of actively treated subjects 

were ingesting any egg as compared to placebo treated subjects (82% vs 36%, p=0.07). 

One year later, there was no difference in the rate of ingestion of any egg between 

groups (85% vs 67%, p=0.22). It is notable that 4 of 18 (22.2%) OIT subjects who 

achieved SU reported symptoms on egg ingestion in the 12 month period between the 

first and second follow-up, despite maintaining regular baked and unbaked egg 

ingestion, indicating re-sensitisation to egg [15]. 

These recent studies confirm that OIT can induce desensitisation in a majority of 

patients, however the ability to induce tolerance (SU) remains uncertain and appears to 

be limited in most reports. Furthermore, Syed et al’s study demonstrates that SU may be 

lost following longer duration of secondary elimination. This suggests that ongoing 

allergen intake may be required for maintenance of a tolerance state, consistent with 

recent findings in murine models [24]; nevertheless continued allergen intake may not 

necessarily provide absolute protection against resensitisation [15].  

1.2.11. Combining OIT with immune modifying adjuvants or 

anti-allergy therapies 

1.2.12. Combined administration of probiotic and OIT  

Probiotics are live micro-organisms that confer a health benefit to the host and may act 

by directly interacting with mucosal immune cells and/or indirectly through 
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modulation of the intestinal microbiota. Tang et al recently completed a randomised 

placebo-controlled trial [25] evaluating a combined probiotic (Lactobacillus rhamnosus) 

and peanut oral immunotherapy (PPOIT) in 62 peanut allergic children who were 

randomised to receive either PPOIT or placebo for 18 months. SU (assessed by DBPCFC 

performed 2-5 weeks after treatment cessation) was achieved in 82.1% (23/28) of 

PPOIT and 3.6% (1/28) of placebo treated children. Immunomodulatory changes were 

observed in the active treatment group with reduction of peanut SPT and sIgE and 

increase in peanut sIgG4 suggesting modulation of the peanut specific allergic response.  

 This rate of SU is notably higher than previously reported with OIT and suggests that 

combined administration of the probiotic immune modifying adjuvant may enhance 

effectiveness of OIT in inducing SU. A further multicenter RCT comparing PPOIT vs 

peanut OIT vs placebo is underway to clarify whether addition of a probiotic confers 

greater benefit than OIT alone. It should also be noted that the duration of secondary 

peanut elimination before assessment of SU in the study by Tang et al was relatively 

short (2-5 weeks) so it is possible that the rate of SU would be lower if assessed a longer 

time after stopping PPOIT. The multicenter RCT that is underway will assess for SU after 

12 weeks peanut elimination to evaluate the effectiveness of PPOIT to induce longer-

term SU compared with placebo or OIT alone.  

1.2.13. Omalizumab and OIT 

Omalizumab is a monoclonal antibody against IgE. It is expected that administration of 

omalizumab with OIT should improve the tolerability of OIT. A pilot study involving 13 

peanut allergic children reported that 12 of 13 children pretreated with omalizumab for 

12 weeks reached the maximum peanut OIT maintenance dose of 4 g/day after 8 weeks. 

Clinical effectiveness of OIT was not compromised with 12 subjects tolerating 8 g of 

peanut protein on either DBPCFC or open challenge after a further 12 weeks of peanut 

OIT without omalizumab [26]. Similarly, in a multi-centre DBPC RCT [27] of 

omalizumab combined with cow’s milk OIT (28 subjects) vs placebo with cow’s milk 

OIT (29 subjects) in milk allergic patients aged 7-35 years of age, tolerability of OIT was 

improved by the use of omalizumab. Subjects who received omalizumab reported that 

91.5% doses taken during the escalation phase were symptom-free compared to 73.9% 

in the placebo group (p<0.0001). Furthermore, frequency of needing adrenaline 
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treatment was higher in the placebo treated group vs omalizumab treated group (18 

doses in 9 subjects vs 2 doses in 2 subjects) (p=0.052). Rates of desensitisation 

(omalizumab with milk OIT 85.71% (24/27) vs placebo with milk OIT 71.43% (20/28)) 

and SU after a secondary elimination period of 8 weeks (omalizumab with milk OIT 

48.1% (13/27) and placebo with milk OIT 35.7% (10/28)) were comparable. These 

findings suggest that omalizumab may be used to enhance the safety and tolerability of 

OIT, without compromising the ability to induce desensitisation or SU.  

1.2.14. Ketotifen and OIT 

Ketotifen is a benzocycloheptathiophene with histamine receptor antagonist and mast 

cell stabilising properties. Coadministration of Ketotifen with OIT would be expected to 

reduce allergic reactions to OIT. In a small study involving 6 peanut allergic children 

(median age 10 years), ketotifen premedication from 2 weeks prior to and continued 

until 4 weeks after commencement of peanut OIT improved the tolerability and reduced 

the rate of gastrointestinal symptoms in subjects receiving OIT  (reaction rate of 40% of 

all doses taken in the ketotifen group vs 76% of all doses in the placebo) [28].  

1.2.15. OIT using heat treated food proteins 

Heating induces conformational changes to allergenic epitopes responsible for IgE 

binding, and therefore may improve the tolerability of an allergenic protein in subjects 

who would otherwise react to natural and unheated forms of the protein. Linear 

epitopes, unaltered by the heating process, retain their immunomodulatory effects, 

most probably through induction of allergen-specific IgG and T cell responses. 

Therefore, OIT using extensively heated forms of a protein may confer clinical effects 

with improved tolerability profile. Observational studies describe resolution of egg 

allergy in children who can tolerate and incorporate baked egg in their diets, although 

the absence of a control group prevents assessment of effectiveness above and beyond 

natural resolution of disease. A recent pilot study of cow’s milk allergic children who 

had failed to complete the parent unheated cow’s milk OIT study, 6 (out of 14) subjects 

who were placed on baked milk OIT for 12 months achieved a significant increase in the 

median reaction eliciting dose during an unheated milk challenge (6 vs 360mg, 

p=0.005) [29]. However, the majority of subjects could not tolerate the target 
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maintenance dose of 1.3 g/d of baked milk protein nor could they complete the study 

per protocol, suggesting limited tolerability of extensively heated proteins in allergic 

subjects.  

Boiling of nuts may similarly result in loss of allergenic proteins—particularly Ara h 2, 6, 

and 7—from peanut seeds, possibly through leaching of allergens into cooking water or 

conformational change. A small observational study involving 4 peanut allergic children 

showed varying ability to tolerate boiled peanut (which contained 2S albumins) 

suggesting that boiled peanut OIT may be better tolerated than native peanut OIT [30]. 

Larger controlled studies are underway (BOPI-1: NCT02149719) to confirm these 

findings and to evaluate effectiveness of these approaches for induction of SU. 

1.2.16. OIT using multiple foods 

Food allergic patients often have more than one food allergy. Hence, the ability to 

perform OIT with several foods concurrently would be more desirable than sequential 

single food immunotherapy treatments, which may take many years to complete. A 

single centre open pilot study compared tolerability of single-food and modified multi-

food OIT schedules in 15 monoallergic (defined as sensitisation and positive reaction to 

a cumulative dose of 182mg peanut protein on DBPCFC) and 25 polyallergic (defined as 

having peanut allergy and at least one additional allergy to a treenut, sesame, milk or 

egg, with sensitisation and positive reaction to a cumulative dose of 182mg on DBPCFC) 

participants. Participants receiving single food OIT underwent rapid desensitisation on 

day one followed by fortnightly dose escalations until the maintenance dose of 4 g/day 

was reached. Participants receiving multi food OIT received the same total amount of 

allergenic protein for each allergen as per the standard schedule. Dose escalation phase 

continued until a daily maintenance dose of 4 g/day of each allergen (up to 20 g 

cumulative dose for 5 allergens) was reached [31]. There was no difference in reaction 

rates between multi-allergen v.s. single allergen desensitisation groups (median of 3.3% 

and 3.7% in multi and single OIT group, respectively; p =0.31). Adrenaline was used 

twice in each group (8% of multi-allergen treated group; and 13% of single allergen 

treated group). Clinical efficacy (induction of desensitisation or SU) was not assessed.  
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1.2.17. Sublingual immunotherapy (SLIT) 

Early food allergen SLIT trials reported limited clinical efficacy. A more recent 

multicentre study randomised 40 peanut allergic subjects, aged 12 to 37 years (median, 

15 years), 1:1 to daily peanut or placebo SLIT. After 44 weeks of SLIT, 14 (70%) of 20 

subjects receiving peanut SLIT were able to consume 5 g peanut protein or at least 10-

fold more peanut powder than their baseline threshold compared with 3 (15%) of 20 

subjects receiving placebo (p < 0.001) [32]. However, most patients discontinued 

therapy by the end of year 3, and only 10.8% (4/37) SLIT-treated subjects achieved SU 

after secondary elimination of peanut for 8 weeks [33]. 

A head to head peanut SLIT vs OIT study [34] involving 21 children (aged 7-13 years) 

with challenge confirmed peanut allergy randomised subjects to receive either SLIT (3.7 

mg/d maintenance) with placebo OIT or OIT (2 g/d maintenance) with placebo SLIT for 

12 months. A 5 g peanut challenge was then administered to evaluate for 

desensitisation. 1 out of 7 (14.3%) of active OIT treated subjects passed the challenge vs 

none (0%) of the 9 active SLIT treated subjects. At this point subjects were unblinded. 3 

active OIT subjects continued on active OIT (without SLIT), 3 active OIT subjects 

continued on active OIT with add-on active SLIT and 9 active SLIT subjects continued on 

active SLIT with add-on active OIT for 6 months.  3 out of 3 active OIT subjects passed 

the second desensitisation challenge and 2 of them (66.7%) passed the SU challenge 

after peanut avoidance for four weeks. 1 out of 3 active OIT with add on SLIT subjects 

passed the second desensitisation but this subject failed the SU challenge. 5 out of 7 

active SLIT with add on OIT subjects passed the second desensitisation challenge and 

only 1 (14.3%) of them passed the SU challenge. These findings suggest that OIT may be 

more effective at inducing both desensitisation and SU than SLIT. However, the size of 

the study and its study design potentially dilutes larger effect differences that may have 

been observed if active therapy with either active OIT or active SLIT was continued for a 

longer duration. 

1.2.18. Epicutaneous immunotherapy (EPIT) 

There is evidence suggesting that epicutaneous exposure to allergens elicits immune 

responses. Early animal models evaluating the delivery of allergens topically and 
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epicutaneously through intact skin conferred beneficial immunomodulatory effects 

leading to more recent studies of epicutaneous immunotherapy in humans.  

A multicenter DBPC phase II-b trial [35] involving 221 challenge proven peanut allergic 

subjects (aged 6 – 55 years), randomised subjects to receive Viaskin Peanut (VP), at 

different doses (50mg, 100mg, 250mg peanut protein) or placebo for one year. The best 

response was seen in the group that received VP250, with 50% of actively treated 

subjects responding (defined as an increase in post treatment cumulative reactive dose 

>/= 10 fold of basal reactive dose or post treatment cumulative reactive dose reaching 

>/= 1000mg peanut protein) compared to 25% in the placebo group, p=0.0108. Effects 

were greatest in children with limited benefit in adolescents and adults. These 

preliminary findings suggest that EPIT may be effective at inducing desensitisation and 

improve subjects’ ability to tolerate low doses of peanut following treatment. A follow 

study to assess induction of SU after an additional 12 months therapy is ongoing.  

1.2.19. Conclusion  

There is a need for disease modifying treatment options for food allergy. Amongst the 

various novel approaches being explored in the research setting, allergen specific 

immunotherapy delivered orally offers the most promising option. There is emerging 

evidence to suggest that co-administration of OIT with immune modifying adjuvants 

such as probiotics may further enhance efficacy and tolerability. Without deeper 

understanding about long term and sustained effects, adverse effects and impact on 

quality of life, it is still premature to offer novel treatments such as OIT in the routine 

clinical setting. Elucidating underlying immunologic mechanisms driving the clinical 

effects of allergen immunotherapy may help identify biomarkers to optimise selection 

of patients who are most likely to benefit from such treatment.   
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1.3. Summary of more recent advances in the field of peanut 

oral immunotherapy (OIT) 

More studies confirming the effectiveness of peanut OIT at inducing desensitisation 

have emerged since the publication of the doctoral candidate’s literature review article 

as presented in the previous section. In one placebo controlled peanut OIT study, 74% 

(23/31) of OIT treated participants achieved desensitisation (defined as tolerating 300 

mg of peanut protein) after 16 months of OIT treatment as compared to 16% (5/31) of 

placebo treated participants[36]. A large Phase-3 randomised controlled trial of 

proprietary treatment product, AR101, the treatment schedule of which includes 24 

weeks at target maintenance dose of 300 mg/d of peanut protein, confirmed the ability 

of peanut OIT to induce desensitisation in 67.2% (250/372) of OIT treated participants 

as compared to 4.0% (5/124) of placebo treated participants, supporting findings from 

an earlier Phase-2 study involving the same product[37]. Whilst most peanut OIT 

studies have investigated the effect of treatment on younger patients with peanut 

allergy, a small randomised controlled trial involving older children and teenagers aged 

12 to 18 years showed that peanut OIT was effective at inducing desensitisation in 81% 

(17/21) participants as compared to 11% (1/9) of those who received placebo 

treatment[38]. 

Very few studies have evaluated the durability of desensitisation and sustained 

unresponsiveness (SU) after discontinuation or dose-reduction of OIT treatment. In a 

recent study[39], although SU was attained by 84% of peanut OIT treated subjects, after 

cross-over to placebo treatment, the proportion passing subsequent peanut challenges 

dropped to 35% by the end of the first year, confirming earlier findings[40] that SU may 

not be durable once patients discontinued treatment.  

There has been recent discussion whether ‘remission’ from food allergic reactions might 

better describe the temporary state of non-responsiveness to culprit allergens post-OIT-

treatment [41]. This concept acknowledges the variable durability of clinical response 

and recognises that patients’ peanut allergy may relapse off-treatment after an 

extended period of time. There remains no consensus on the definition of tolerance 

following OIT treatment but it has been suggested that remaining non-responsive, as 
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demonstrated by an ability to pass peanut challenges, years after cessation of OIT 

treatment and ingesting peanut ad libitum, that is, not depended on continued and 

regimented allergen exposure, might most closely resemble tolerance[42]. 

It is widely recognised that OIT is associated with more side effects than other allergen 

immunotherapy. A landmark meta-analysis of 12 peanut OIT trials involving 1041 

participants found that OIT treatment was associated with heightened risk of 

anaphylaxis (relative risk, RR, 3.12; 95% confidence interval, 95% CI, 1.76, 5.55), 

adrenaline use (RR 2.21; 95% CI 1.27,3.83) and serious adverse events (RR 1.92; 95% 

CI1.00,3.66)[43]. The study confirms that despite OIT treatments’ aim to protect 

participants from peanut allergic reactions by inducing desensitisation and/or SU, 

treated participants experienced more allergic and anaphylactic reactions, highlighting 

the need to further improve the safety and tolerability of food allergen immunotherapy.  

Gastrointestinal side effects are commonly observed during OIT. Whilst these symptoms 

are generally mild, some symptoms may be severe and may lead to OIT treatment 

discontinuation. Symptoms of eosinophilic oesophagitis (EoE) resemble many of the 

recognised gastrointestinal side effects of OIT. Earlier studies reported biopsy-

confirmed EoE in 2.7 to 4.7% of patients undergoing food OIT[44 45]. In a recent study 

reviewing the rates of immunotherapy discontinuation and biopsy-confirmed EoE in 

110 OIT studies, the overall rate of OIT treatment discontinuation was around 14%. 

Reasons for discontinuation were provided in 82 studies and the combined data 

suggested that gastrointestinal symptoms led to discontinuation in around 4.7% of 

patients.  In this study, the authors defined EoE symptoms as general gastrointestinal 

symptoms, including abdominal pain, nausea, vomiting, anorexia or gastro-oesophageal 

reflux. The overall rates for possibly EoE-related symptoms were 34% for general GI 

symptoms, 32% for abdominal pain and 12% for vomiting. In 18 studies (involving 663 

patients), biopsies were conducted to confirm the diagnosis of EoE. The rate of biopsy 

confirmed EoE was approximately 5.3%[46]. In another review which included 12 

recently published food OIT studies involving 620 patients, the authors reported 0.3% 

of total patients or 8.3% of patients with gastrointestinal symptoms during OIT had 

biopsy-confirmed EoE[47]. There is emerging data to suggest that in some patients their 

EoE might not remit despite stopping OIT treatment[48]. More research is needed to 
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address the knowledge gap of OIT-related and patient-related factors predisposing the 

development of EoE in patients undergoing food OIT. Excitingly, there may be a role for, 

combining with food OIT, immune adjuvants effective at redirecting the Th2 immune 

response and treating EoE such as dupilumab to decrease the risk of EoE and 

oesophageal inflammation in susceptible patients. 
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1.4. Immune mechanisms mediating clinical effects of food 

oral immunotherapy (OIT) 

As discussed in the earlier sections, food OIT is effective at inducing states of remission 

from allergic reactions to culprit food allergens, including desensitisation and sustained 

unresponsiveness (SU). Elucidating underlying mechanisms that underpin the effect of 

OIT and the immunologic changes that accompany the desirable clinical effects helps to 

identify potential therapeutic targets and opportunities to refine food allergy treatment. 

In addition, such understanding may also lead to the discovery of suitable biomarkers to 

optimise selection of patients for treatment and monitor their treatment response.  

OIT induces a number of immune changes comparable to those observed in other 

immunotherapy models (for example pollen immunotherapy and venom 

immunotherapy)[49]. This section focuses on clinically relevant mechanisms of action 

of OIT observed in human peanut OIT studies. The doctoral candidate will initially 

describe the effect of OIT on immune compartments throughout treatment (from pre-

treatment to post-treatment phases) before moving on to describe immunologic 

changes that accompany OIT treatment associated clinical outcomes including 

desensitisation and SU. 

1.4.1. The effect of OIT on end effector cells 

The role of end effector cells including circulating basophils and tissue mast cells 

mediating pathogenic allergic responses to food antigens in individuals with food 

allergy is well-recognised[50]. On commencement of food OIT, exposure to escalating 

antigen doses is associated with suppression of antigen-specific basophil response[18 

32 51 52]. These early effects may be mediated by the internalisation of receptors 

observed in other desensitisation models[53]. Whilst suppression of basophil reactivity 

is evident during treatment, this effect is lost soon after treatment cessation and does 

not appear to be predictive of or associated with more durable clinical remission states 

such as SU[52].  
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1.4.2. The effects of OIT on antibody production and B cell 

responses 

1.4.3. Allergen specific-IgG, -IgG4 and -IgA 

OIT treatment is often accompanied by an early and rapid rise in allergen specific-IgG4 

(sIgG4) and specific-IgA (sIgA) [18 20 54-56], possibly in response to interleukin (IL)-

10 and transforming growth factor (TGF)-β production by T-regulatory (Treg) cells, 

regulatory B cells and/or T-helper (Th) 3 cells. Mucosal sIgA may play a role in gut 

luminal antigen binding and block antigen transport by gut epithelial cells[49]. Antigen 

sIgG4 production is increased in response to OIT treatment. IgG and IgG4 antibodies 

with antigen specificity may block the access of antigens to effector cell surface-bound 

antibodies and mediate transient basophil and mast cell hyporesponsiveness in OIT-

treated subjects. In-vitro studies recently demonstrated that peanut sIgG4 containing 

plasma obtained from peanut OIT-treated subjects inhibited peanut specific basophil 

reactivity, whereas depletion of peanut sIgG4 restored peanut induced mast cell 

reactivity[57]. Circulating IgG4 bind to the inhibitory Fc receptor, FcγRIIB, on mast cells 

to actively suppress effector cell function[58]. In a recent peanut OIT and sublingual 

immunotherapy (SLIT) comparison trial[34], peanut sIgG4 production was higher in 

subjects treated with higher dose OIT as compared with lower dose SLIT treatment. 

Subsequent addition of OIT treatment to subjects who initially received SLIT led to an 

increased production in peanut sIgG4 to levels comparable to the primary OIT-treated 

group. This suggests that the magnitude of sIgG4 induction may be immunotherapy 

treatment dose- and/or route- dependent.  

Mucosal sIgA may play a role in gut luminal antigen binding and block antigen transport 

by gut epithelial cells[49]. It was recently shown in a mouse study that the induction of 

peanut sIgA through daily gastrointestinal peanut exposure required T cells and CD40 

ligand but was T follicular helper (Tfh) cell, germinal center, and T follicular regulatory 

(Tfr) cell–independent, contrasting the requirement of Tfh for IgG1 and IgE production. 

These findings suggest an alternative paradigm of divergent cellular mechanism of IgA 

versus IgE and IgG1 production to food antigens[59]. 
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1.4.4. Allergen specific-IgE  

Allergen specific-IgE (sIgE) mediates immediate-onset type-1 allergic reactions in 

susceptible individuals. Recent in-vitro studies suggest that high affinity sIgE antibodies 

and their characteristics including clonality, epitope-specificity and post-translational 

modifications contribute to individual to individual variations in clinical response to 

culprit allergens[60]. In subjects treated with food immunotherapy, levels of circulating 

allergen sIgE initially increase in response to treatment. Early uncontrolled peanut OIT 

observational studies using extended treatment durations of over 24 months showed 

gradual decline in peanut sIgE over time[61 62]. Whilst levels of sIgE initially increase 

in response to both SLIT and OIT treatment, OIT-treated subjects have lower levels of 

sIgE at end of treatment as compared to SLIT-treated subjects suggesting dose- and/or 

route-dependent response[34]. A recent peanut OIT study reported significantly 

reduced levels of circulating peanut, Ara h1, Ara h2 and Ara h3 sIgE, and reduced ratios 

of peanut sIgE versus total IgE in response to treatment[63]. 

1.4.5. Memory B cells 

Food immunotherapy has been shown to modulate B cell repertoire resulting in 

changes in the characteristics and function of IgE-switched memory B cells[60]. In an 

early study[62], Vickery’s group reported  that around a third of peanut OIT-treated 

subjects had an increase in peanut specific antibody repertoire and concurrent 

contraction of total peanut sIgE. This suggests that new B cell clones may have emerged 

and these clones produced novel epitope sIgE in response to treatment. Variability in B 

cell response may underlie between individual differences in their clinical response to 

OIT. 

In another controlled peanut OIT study, peanut component allergen (Ara h2) specific 

class-switched memory B cells expanded transiently, peaking at week 7 of treatment 

and declined rapidly after that. Ara h2 sIgE also increased, peaking around 7 weeks, and 

slowly declined towards baseline by end of treatment[64]. Similar observations were 

made in another peanut OIT study[65]  where there was also a treatment associated 3-

fold increase from baseline in Ara h1 and Ara h2 specific B cells. These studies provide 

evidence that OIT induced allergen specific B cell and sIgE responses that followed 
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similar kinetics of initial increase followed by a slow decrease over time whilst on 

treatment. Long-term B cell and antibody responses years after discontinuation of food 

immunotherapy treatment still need to be rigorously investigated.  

1.4.6. The effects of OIT on T cells and other cellular responses 

1.4.7. T-regulatory (Treg) cells  

Treg cells are capable of producing anti-inflammatory cytokines such as IL-10 and are 

thought to contribute to the maintenance of peripheral allergen tolerance in non-

allergic individuals[66]. However their precise role in allergic individuals and these 

individuals’ response to OIT remain unclear. The small number of OIT studies 

investigating circulating Treg numbers report mixed effects, with some studies 

reporting increases[18 54] and one study reporting no change[19] in association with 

treatment. Whilst OIT treatment induced antigen-specific Treg cells have suppressive 

function[40], the durability of such function may not be long-lasting[67].  

1.4.8. Pathogenic T cells 

Pathogenic T cell response is initiated by epithelially-derived soluble mediators 

including thymic stromal lymphopoietin (TSLP), IL-25 and IL-33[68 69]. T cell 

activation contributes to activation of eosinophils and allergen sIgE production through 

skewed T-helper(Th)-2 response pathways.  

On commencement of food immunotherapy, low dose exposure might not only reinforce 

pathogenic Th-2 cell response but also generate a cytokine milieu including 

upregulation of IL-4 that impairs the establishment of regulatory mechanisms[69]. 

Persistent allergen exposure, and possibly through exposure to higher allergen doses, 

appear to be accompanied by a decrease in Th-2 cell numbers and activity (as measured 

by cytokine production) and/or changes in their phenotype to IL-10 producing CD4+ T 

cells or inducible Treg cells[49].  
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1.4.9. Cytokine production 

Excessive IL-4 signaling hampers the induction of food allergen specific Treg cells and 

their ability to suppress mast cell activation[58]. Inactivation of Th-2 response 

pathways appears to protect against food allergy[70]. However, findings from OIT 

studies examining the effects of treatment on cytokine production by peripheral blood 

mononuclear cells (PBMC) are mixed [18 54 55]. 

1.4.10. Other cellular responses 

In a recent study longitudinally monitoring peanut-component(Ara h2)-specific CD4+ T 

cells (using MHC-peptide Dextramers to stimulate followed by RNAseq assay) from a 

small number of HLA-matched patients undergoing peanut OIT (n = 30), there was 

transient upregulation of TGF-β regulatory activity during OIT treatment[71]. The 

authors found a cluster of markers with high expression of STAT family members which 

showed a possible transient increase at week 24 in those with treatment success 

[defined by the authors as patients who either continued to take 300 mg/d of peanut 

(n=3), or abstained from peanut for 13 weeks before passing their week 117 

challenge(n=3)] relative to those with treatment failure [defined by the authors as those 

who achieved 4 g end-of-treatment challenge at week 104, but failed week 117 

challenge either on or off ongoing peanut ingestion between weeks 104 and 117, 

(n=16)]. Interestingly, OIT treatment, irrespective of treatment outcome, was associated 

with the disappearance over time of a cluster, with combined expression of GATA3, IL-4, 

IL-13 and BCL6, resembling the recently described T-follicular-helper(Tfh)-13 cells[72].   

1.4.11. Immunologic changes accompanying clinical 

outcomes 

1.4.12. Desensitisation 

As discussed earlier, food immunotherapy is accompanied by an increase in allergen 

sIgG4. These antibodies may mediate transient basophil and mast cell 

hyporesponsiveness.  In a peanut SLIT study[33], allergen sIgG4 was observed to be 

higher in successfully desensitised individuals. However, many of these desensitised 

individuals failed to demonstrate 8-week sustained unresponsiveness (SU) when 
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challenged one year later, suggesting that the observed rise in peanut sIgG4 does not 

predict nor mediate persistence of clinical remission post- treatment. 

Removal of allergen sIgE does not appear to be necessary for the achievement of 

desensitisation in early stages of OIT treatment. However, clinical trials[73 74] 

incorporating adjuncts such as omalizumab, through the removal of IgE, allow more 

rapid escalation of allergen doses without increased clinical reactions.  

Food immunotherapy induced basophil suppression is transient and reverses after 

withdrawal of treatment[52]. In an early study, peanut OIT induced basophil 

hyporesponsiveness which was thought to contribute to the clinical state of 

desensitisation[51]. Although most subjects in this cohort achieved desensitisation, 

there was no evaluation of SU or attempt to correlate basophil hyporesponsiveness with 

SU. In another study, basophil reactivity was unable to differentiate OIT induced 

immune-tolerance versus non-tolerance[40]. Importantly, a recent study reported that 

peanut OIT treated subjects who failed to respond (defined by the authors as those who 

became reactive to 4 g of peanut at 13 weeks post-treatment) had higher levels of 

peanut induced basophil activation than treatment responders (that is, those who had 

SU)[63]. However, the study was limited by not being able to associate the subjects’ 

basophil activation with their clinical outcomes beyond 3 months post-treatment. In 

addition, the proportion of subjects having SU declined substantially by the end of the 

first year post-treatment[39]. Therefore, it remains uncertain whether suppression of 

basophil activation post-treatment is predictive of durable SU. 

1.4.13. Sustained unresponsiveness (SU) 

Although the induction of allergen sIgG4 antibodies is one of the most consistently 

observed immune changes accompanying allergen immunotherapy, levels of sIgG4 

often fail to correlate with clinical response[75-77]. There is still no robust evidence 

that allergen sIgG4 facilitates the acquisition of SU or tolerance after OIT. 

In an uncontrolled peanut OIT study[19], peanut sIgG4 increased during treatment but 

sIgG4 levels at end of treatment failed to discriminate those who attained SU versus 

those that did not. Similar observations were made in another study where absolute 
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levels and trajectories of peanut sIgG4 during treatment and at 3 months post treatment 

did not differ between SU outcome groups[40]. Taken together, these findings suggest 

that the induction of allergen sIgG4 might not be critical for the induction of remission 

states such as SU.   

In contrast, the suppression of allergen sIgE production may play a role mediating 

immunotherapy induced SU. Treatment responders of a peanut OIT study[19] had 

significantly lower peanut sIgE pre-treatment and post-treatment suggesting that low 

levels of sIgE at end of study was required to support the clinical state of SU. In another 

study[40], whilst both immune tolerant (IT) and non-immune tolerant (NT) individuals 

showed downward trends in levels of peanut sIgE from 9 to 12 months of treatment, the 

sIgE trajectories diverged post-treatment. In the non-responders, peanut sIgE 

rebounded within 6 months of treatment cessation, in contrast to the ongoing decline in 

those who attained persistent SU. More studies investigating the longitudinal effects of 

OIT on allergen sIgE is necessary to provide insight into possible role of IgE suppression 

in mediating long-term SU (LTSU) and tolerance years after discontinuation of food 

allergen immunotherapy treatment. 

Very few studies have evaluated whether circulating Treg cells can discriminate OIT 

treatment responders versus non-responders. In one peanut OIT study[40], treatment 

responders had increased circulating Treg cells. Treg cells from treatment responders 

also had enhanced suppressive function and had an epigenetic signature characterised 

by hypomethylation of CpG sites of the FOXP3 gene.  

1.4.14. OIT and tissue level immune response 

There is still very limited understanding regarding the possible role of gastrointestinal 

tract stromal cells and secondary lymphoid organs in mediating the effects of OIT. Most 

human OIT mechanistic studies have examined the peripheral blood given logistic and 

ethical challenges in association with repeated gastrointestinal tissue sampling from 

human subjects. There is emerging evidence to suggest that antigen presenting cells 

(APC) and dendritic cells (DC) may play a role in mediating the effects of OIT[40 78], 

through the antigens’ interaction with cells including epithelial cells, innate lymphoid 

cells and local microbial factors.  
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1.4.15. OIT and gut microbiome 

Intestinal microbiota play a role in maintaining the balance between immune tolerance 

and inflammation in the gut[79]. The induction and expansion of mucosal Treg is 

promoted by intestinal macrophages in response to microbial signals through IL-1β and 

downstream local type-3 innate lymphoid cells (ILC-3)[80]. These cells promote 

secretion of retinoic acid and IL-10 by macrophages and DC. There is also evidence 

supporting links between B-cell phenotype, gut microbiota composition and allergic 

sensitization to dietary antigens. Furthermore, microbial antigens or metabolic 

products, such as toll-like-receptor agonists or short chain fatty acids, can modulate 

epigenetic, transcriptomic, and metabolic pathways resulting in changes in the 

production and repertoire of secreted immunoglobulins[81]. On the other hand, there is 

recent data suggesting that OIT may indirectly affect microbial composition of the gut 

through the Immunomodulatory effects of OIT on the host immune system[82]. In the 

presence of a cytokine milieu favouring tolerance, tissue-resident and circulating 

immune cells may be more responsive to the effects of OIT. Therefore, combining OIT 

with immune modifying adjuvants such as probiotics may enhance the effects of OIT. 

However, studies are needed to confirm whether measures aimed at manipulating gut 

microbial composition favourably enhance patients’ clinical and immune response to 

OIT. 

1.4.16. Conclusion  

OIT is associated with both early and later changes to allergen specific end effector cell, 

antibody and cellular responses. Immunologic changes that accompany clinical states of 

desensitisation may differ to those that accompany more sustained clinical remission 

states such as SU and tolerance. Desirable changes include sustained anergy and/or 

deletion of upstream pathogenic memory T cells and B cells in order to maintain 

durable response. 
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1.5. Chapter summary 

An effective disease modifying treatment for food allergy is needed. Oral 

immunotherapy (OIT) is emerging as a treatment option and has been shown to induce 

transient (such as desensitisation) and more persistent (such as SU) remission from 

allergic reactions in food allergic individuals. There remain many unanswered questions 

relating to the clinical and immune effects of OIT. Durability of clinical remission in the 

years after discontinuation of OIT treatment has not been studied extensively. It 

remains unclear whether short-term immunologic changes involving antibody and 

cellular responses are maintained long-term. Furthermore, immune responses which 

accompany the beneficial effects of OIT years post-treatment need to be elucidated.  

In this thesis, the doctoral candidate examines the clinical and immunologic effects of a 

combined probiotic and peanut oral immunotherapy (PPOIT) treatment in 2 clinical 

trials, (a) a follow-on study of the PPOIT-001 trial, a randomised controlled trial of 

PPOIT in children with peanut allergy, and (b) the PPOIT-002 trial, a single-arm open-

label trial of PPOIT using an accelerated dose escalation schedule, to gain better 

understanding of (1) the long-term clinical and immunologic effects of PPOIT, (2) 

participants’ antibody and cellular responses to PPOIT treatment, and (3) the clinical 

effects, feasibility and tolerability of PPOIT using a modified treatment schedule. 

Whilst the conception and design of PPOIT treatment was based on a theoretical 

advantage conferred by manipulating gut microbiome through combining a probiotic 

(Lactobacillus rhamnosus ATCC 53103; with demonstrated immunomodulatory effects 

in vitro and in vivo[83]) with peanut OIT, the study designs of PPOIT-001 and PPOIT-

002 trials, specifically the absence of an OIT alone treatment arm, precluded the ability 

to investigate any additional clinical and immunologic effects of the combined therapy 

over and beyond the effects of peanut OIT alone. Whilst not a part of this doctoral thesis, 

a major multi-center 3-arm randomised trial (PPOIT-003 Trial, 

ACTRN12616000322437) leveraging findings reported in this thesis and investigating 

PPOIT, peanut OIT and placebo, is underway to  elucidate additional effects of adding a 

probiotic to peanut OIT.  
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In the next chapter, the doctoral candidate describes the rationale, aims and hypotheses 

for the Part 1 of the thesis, a follow-on study of the PPOIT-001 trial.  
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Chapter 2. Methods: Follow-on study of the PPOIT-

001 trial, a randomised controlled trial of a 

combined probiotic and peanut oral 

immunotherapy (PPOIT) in children with peanut 

allergy 

2.1. Chapter introduction 

As described in Chapter 1, peanut oral immunotherapy is effective at inducing sustained 

unresponsiveness in 30-60% of treated individuals with peanut allergy. There is no 

published data on longer term clinical outcome at one year or more after cessation of 

OIT treatment. Peanut specific-IgG4 (sIgG4) antibody levels generally rise in association 

with treatment. In contrast, findings regarding other immune markers including peanut 

specific-IgE (sIgE), T-regulatory (Treg) cells and cytokine responses are mixed. Part 1 of 

this thesis addresses some of these important knowledge gaps in relation to OIT.  

Chapter 2 describes the rationale, aims and hypotheses for conducting for Part 1 of the 

thesis, a follow-on study of the PPOIT-001 trial and elaborates on the methodological 

details of the trial. 

  



 

51 

 

2.2. Rationale 

Food allergy affects 5-8% of children and 2% of adults, and peanut allergy affects 1.5% 

of children[84-86]. Reactions to peanut may be severe and peanut allergy is responsible 

for 30% of deaths from food induced anaphylaxis[87]. Unlike other food allergies, 

peanut allergy is usually lifelong[88]. Current management of food allergy requires 

strict avoidance of the food; however, 50% of peanut allergic patients are accidentally 

exposed to peanut within 2 years[89]. Therefore, children with peanut allergy are at 

continued risk of severe life-threatening allergic reactions throughout their lifetime.  

OIT is being pursued as a potential food allergy treatment to induce desensitisation 

(defined as being able to tolerate the allergen whilst on treatment)[5 14 55 90-93] 

and/or sustained unresponsiveness (SU; defined as being able to tolerate the allergen 

after stopping treatment for weeks to months)[40 94]. Studies show that OIT can induce 

desensitisation in around two-thirds and SU in around one-third of study 

participants[1]. There is little data on long-term effects of OIT following treatment 

cessation. One study reported no long-term difference in rates of egg ingestion between 

OIT-treated and placebo-treated subjects[15]. A second study of milk OIT reported that 

75% of desensitised participants experienced symptoms with milk ingestion (25% had 

no symptoms with milk ingestion), 38% had frequent and predictable symptoms and 

19% experienced at least 1 anaphylaxis reaction in the preceding year[11]. There is no 

published data on long-term outcomes following peanut OIT. A combined probiotic and 

peanut OIT (PPOIT) was shown to successfully induce desensitisation and sustained 

unresponsiveness (SU, previously referred to as tolerance) in the PPOIT-001 trial, a 

double blind placebo controlled RCT[95]. Just over 80% of the participants who 

received PPOIT attained 2 week SU compared with only 4% of those who received 

placebo. The trial provided an important opportunity to study the long-term clinical 

outcomes and longitudinal immunologic effects of PPOIT in children with peanut allergy.  

  



 

52 

 

2.3. Aims 

The primary aims of the follow-on study of the PPOIT-001 trial were: 

a) To examine the effects of combined treatment with probiotic and peanut OIT (PPOIT) 

as compared to placebo treatment on conferring (i) long-term ability to continue peanut 

ingestion, and (ii) ‘8-week sustained unresponsiveness (SU)’ which was defined as the 

ability to tolerate 4 g of peanut protein in an oral peanut challenge, at 4 years after 

discontinuation of PPOIT-001 study treatment and at least 8 weeks after 

discontinuation of all peanut ingestion, in children with peanut allergy; 

b) To examine the longitudinal effects of combined treatment with probiotic and peanut 

OIT (PPOIT) as compared to placebo treatment on serum or plasma levels of peanut and 

peanut component specific-IgE (sIgE) and specific-IgG4 (sIgG4) in children with peanut 

allergy; 

c) To examine the longitudinal effects of combined treatment with probiotic and peanut 

OIT (PPOIT) as compared to placebo treatment on salivary peanut specific-IgA (sIgA) in 

children with peanut allergy; 

d) To examine the effects of combined treatment with probiotic and peanut OIT (PPOIT) 

as compared to placebo treatment on peripheral blood T regulatory (Treg) cell and T-

helper (Th)1, Th2 and Treg cytokine production. 
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2.4. Methods  

This section explains the methods used to conduct the original PPOIT-001 randomised 

trial and the follow-on study conducted at 4 years post-treatment. 

2.4.1. Design 

This was a single centre, randomised, double blind, placebo-controlled trial of a 

combined probiotic and peanut OIT (PPOIT) for 18 months in 62 children with peanut 

allergy. 

2.4.2. Participants 

2.4.2.1. Inclusion Criteria 

Children were eligible for the trial if: 

o They were aged between 1 year and 10 years of age,  

o They were >10kg (weight considered safe for the prescription and 

administration of an Epipen) 

o There was a confirmed diagnosis of peanut allergy (as against sensitisation) as 

defined by: 

• a positive food challenge to peanut within 2 years of enrolment AND a 

positive skin prick test (SPT) or sIgE to peanut, or  

• a positive food challenge or history of reaction to peanut EVER AND a 

positive SPT ≥8mm or a sIgE ≥15kUA/L to peanut 

A food challenge to peanut was offered to the potential participant at screening if there 

was a positive SPT or sIgE but the clinical history of reaction to peanut was unclear.  

2.4.2.2. Exclusion Criteria 

Children were not eligible for the trial if they had a history of: 
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o Severe anaphylaxis (as defined by  persistent hypotension , collapse, loss of 

consciousness or persistent hypoxia 

o FEV1  <85% at rest or FEV1/FVC ≤ 85% at rest or ongoing chronic persistent 

asthma (as per Australian Asthma Foundation guidelines) 

o Known wheat allergy (the placebo may contain traces of wheat) 

o Use of beta-blockers  

o Inflammatory intestinal conditions, indwelling catheters, gastrostomies, 

immune-compromised states, post-cardiac and/or gastrointestinal tract surgery, 

critically-ill and those requiring prolonged hospitalisation or other conditions that may 

increase the risks of probiotic associated sepsis 

o Already taking Probiotics 

Provided that a participant met eligibility criteria and was not excluded on the basis of 

meeting an exclusion criterion, children with concomitant atopic disease including 

eczema were included in the trial. Whilst immune-compromised states was an exclusion 

criteria for entry into the parent PPOIT-001 trial, after completion of PPOIT study 

treatment, participants were not excluded from the long-term follow-up study even if 

they were subsequently commenced on immunosuppressive therapies for other atopic 

conditions such as eczema. 

2.4.2.3. Withdrawal from trial 

Participants were able to withdraw from the study at any time by their own volition. 

A patient was considered to have completed this study upon completion of 60 weeks (+ 

4 weeks to allow for flexibility in scheduling visits) of dosing during the active phase of 

the investigation. 

Premature termination was defined as completing 59 or fewer weeks of active dosing. 

Every effort was made by the investigator to keep patients in the study.  
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If severe allergic symptoms develop involving the cardiovascular system (reduced BP, 

loss of consciousness), treatment was discontinued and the patient withdrawn from the 

study.  

The dose was reduced for mild to moderate anaphylaxis defined as “all forms of 

anaphylaxis with the exception of anaphylaxis where there is cardiovascular 

involvement”. 

A patient was allowed to withdraw from the study prematurely. The following reasons 

were provided as examples: 

1. Lack of efficacy of study treatment 

2. Lack of efficacy plus adverse event  

3. Serious adverse event 

4. Lack of patient compliance 

5. Patient/Caregivers decision to withdraw 

6. Patient lost to follow-up 

7. Protocol Violation (specify) 

8. Concurrent disease (specify) 

9. Other reason (specify) 

The reason for termination was recorded on the patient completion/withdrawal section 

of the CRF. 

Every effort was made to follow-up patients who withdrew from the study with 

treatment-related adverse experiences in order to determine the final outcome. 

If severe abdominal symptoms developed (severe diarrhoea, severe abdominal cramps), 

and persisted despite holding of the treatment dose, parents were offered the option of 

having the patient withdrawn from the study.  
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Note: The term ‘severe’ was assigned if an experience was incapacitating and not 

responsive to simple pain reliever medication (eg panadol, ibuprofen).  

2.4.3. Study visits 

Study visits and assessments were scheduled as follows: 

• Screening visit  

Eligibility for the trial was determined by screening assessments, medical history, 

provision of written informed consent and fulfilment of eligibility criteria. Eligibility 

criteria included confirmation of diagnosis of peanut allergy (as against sensitisation) as 

defined by either (a) a positive food challenge to peanut within 2 years of enrolment 

AND a positive skin prick test (SPT) or sIgE to peanut, or (b) a positive food challenge or 

history of reaction to peanut EVER AND a positive SPT ≥8mm or a sIgE ≥ 15 kUA/L to 

peanut. A food challenge to peanut was offered to the potential participant at screening 

if there was a positive SPT or sIgE but the clinical history of reaction to peanut was 

unclear.  

• T0/rush day visit; 

• T1 – 18 months after T0/rush day (the day after the last day of treatment) visit – 

DBPCFC; 

• T2 – 2-6 weeks after T1 visit – DBPCFC (with strict peanut elimination between 

T1 and T2); 

• T3 – 3 months after T1 visit;  

• T4 – 12 months after T1 visit;   

• T5 – 4 years after T1 visit - DBPCFC (with strict peanut elimination for at least 8 

weeks before DBPCFC)  

An overview of assessments is included as Figure 2-1. 
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Figure 2-1. Overview of assessments 
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2.4.4. Interventions 

2.4.4.1. Study treatment administered 

Peanut Flour 

Peanut Flour (50% peanut protein) was purchased from a US company (Golden Peanut 

Company, LTD). Peanut flour is preferred to crushed peanuts as it is easier to disguise. 

This was the same product used in the peanut OIT studies conducted in the US.  

The typical analysis of the peanut powder was as follows: 

    Protein (N x 5.46)  50%+/- 2% 

 Fat    12% +/-2% 

 Moisture   <3.5% 

 Crude Fibre  10% +/-2% 

 Ash    4%+/- 2% 

 Carbohydrate 30%+/-2% 

 Density   21-23 Ibs/cubic feet 

Probiotic (Lactobacillus rhamnosus GG; ATCC 53103) 

The probiotic used was Lactobacillus rhamnosus GG. Lactobacillus rhamnosus ATCC 

53103 is indistinguishable from Lactobacillus rhamnosus GG (the name LGG is licenced) 

as assessed by all current modern taxonomy identification techniques and is considered 

to be equivalent to LGG in immunological effects in vitro and in vivo.  

Probiotic mix or placebo (maltodextrin) was pre-packaged in 200 gram (g) tins by 

Nestle Nutrition Institute under strict Food Manufacturing Regulations. Each 200 g tin 

contained 180 g of the probiotic mix or placebo, with probiotic at 4x109 CFU/g. The 

daily dose of 2x1010 CFU was measured by parents or caregivers using an 11.3 ml scoop 

which delivers 5g of the mix with 1 scoop. The accuracy of delivering 5 g using this 

scoop was independently validated – repeated scoop measurements performed 30 
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times (surface, middle, bottom; 3 tins) resulted in a mean weight of 4.96 g (standard 

deviation, SD, 0.08 g, range 4.78 g - 5.11 g), representing a dose range of 1.92x1010 - 

2.04x1010 CFU of probiotic. One 200 g tin would provide sufficient probiotic or placebo 

for 1 month, and the appropriate number of tins sufficient for the interval until next 

hospital visit was provided by Pharmacy together with the peanut or placebo sachets. 

Participants were instructed to mix the probiotic or placebo in water, soy milk or cow’s 

milk, at a temperature NOT exceeding 45 °C. The probiotic maltodextrin matrix has 

been validated to have a shelf life of more than 3 years at 4 °C and more than 30 days 

when left at room temperature. Colony counts of probiotic were assessed 6 monthly 

during the study to confirm viability. 

Maltodextrin (Placebo) 

Maltodextrin is glucose polymer (malto-oligosaccharide), is a source of carbohydrate 

often used in oral dietary supplements and tube feeding. 

2.4.4.2. Day 1 modified rush phase  

o In the modified rush phase, participants received increasing doses of peanut or 

placebo oral immunotherapy every 30 minutes to reach a final dose of 12 milligram 

(mg) of peanut protein (a dose reached by all subjects in the pilot study undertaken at 

Duke University Medical Center, USA).   

o Peanut protein or placebo were sprinkled onto food (apple sauce/yoghurt). 

o Participants received a single dose of 2x1010 CFU LGG or placebo (1 scoop 

dissolved into water) prior to initiation of the modified rush phase.  

o Participants were monitored for 2 hours after the last dose during modified rush.   

o The study doctor and study nurse were present at all times during the modified 

rush phase 

o The modified rush phase was performed in the allergy department or the 

Australian Paediatric Pharmacology Research Unit (APPRU).  
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Table 2-1. Dosing schedule for day 1 rush induction 

Dose  Dosage 

Peanut Protein 

Cumulative 

Peanut Protein 

1 0.1 mg 0.1 mg 

2 0.2 mg 0.3 mg 

3 0.4 mg 0.7 mg 

4 0.8 mg 1.5 mg 

5 1.5 mg 3.0 mg 

6 3.0 mg 6.0 mg 

7 6.0 mg 12 mg 

8 12 mg 24 mg 

2.4.4.3. Buildup phase (32 weeks) 

o In the buildup phase, the daily dose of peanut OIT or placebo was increased 

every 2 weeks until a maintenance dose of 2 g was reached (expected to take 8 months). 

o Peanut protein or placebo was provided and sprinkled onto food (apple 

sauce/yoghurt). 

o Participants also took a fixed dose of 2x1010 CFU LGG or placebo (1 scoop 

dissolved into water, soy or cow’s milk, at a temperature NOT exceeding 45 °C) once 

daily prior to the OIT treatment. 

o Participants were monitored for 2 hours after the treatments were administered.   

o Participants in the control arm followed the same protocol receiving placebo oral 

immunotherapy (maltodextrin) 
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o The buildup phase immunotherapy protocol is shown inTable 2-2. Dosing 

schedule for Buildup Phase (32 weeks) in the PPOIT-001 trial . 

Table 2-2. Dosing schedule for Buildup Phase (32 weeks) in the PPOIT-001 trial  

Dose Dosage 

Peanut Protein 

Dose Dosage 

Peanut Protein 

9 25 mg 17 330 mg 

10 50 mg 18 425 mg 

11 75 mg 19 550 mg 

12 100 mg 20 715 mg 

13 125 mg 21 925 mg 

14 150 mg 22 1.2 g 

15  200 mg 23 1.55 g 

16 260 mg 24 2.0 g 

2.4.4.4. Maintenance phase 

During the maintenance phase participants took a 2 g dose of oral immunotherapy 

(peanut or placebo) and 2x1010 CFU LGG or placebo daily at home until completion of 

the OIT protocol at 18 months. If the participant did not complete a minimum of 6 

months on maintenance dosing at 18 months, the total duration of treatment was 

extended to ensure a minimum of 6 months maintenance dosing. 

2.4.4.5. Dose adjustment rules 

If mild allergic symptoms without cardiovascular involvement developed following a 

treatment dose (urticaria, angioedema, vomiting, diarrhoea, abdominal pain), the dose 

was repeated at least once before increasing.  
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If moderately severe allergic symptoms developed without cardiovascular involvement 

(stridor, wheeze, difficulty breathing), the subsequent dose was reduced to the previous 

dose amount before increasing. 

If severe allergic symptoms of reduced BP or loss of consciousness develop, study 

treatment was discontinued.  

2.4.4.6. Collection of study treatment from Pharmacy 

Peanut protein or placebo was made up in RCH Pharmacy and supplied in sachets until 

330 mg of the study product, in small medicine containers up to 1.55 g of the study 

product then in tubs from 2.00 g. Upon successful completion of the Day 1 modified 

rush phase, participants collected a 2 week supply of treatment sachets containing 

peanut or placebo from Pharmacy.   20 doses were provided for each 2 week period, so 

that they were able to continue with their OIT in the event that they missed their 

appointment with RCH or a dose was accidentally spilt.  Unused sachets were returned 

at their next visit. 

The dose to be administered for each 2 week period was determined by study staff 

performing the updosing procedure and based upon the established criteria as outlined 

above. When participants reached the 2 g maintenance dose, they collected peanut or 

placebo sachets sufficient to complete one month of OIT maintenance from RCH 

Pharmacy.  

Participants returned unused doses and used treatment packaging to Pharmacy at each 

visit so that they may audit compliance 

Clinical review with study staff was performed at each hospital visit that is 2 weekly 

during buildup phase to monitor progress and compliance, and address any issues that 

arose. 

During the maintenance phase diary, compliance and progress was reviewed every 4 

weeks. 
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2.4.4.7. Medications/treatments permitted and not permitted before 

and during trial 

Participants using beta blockers were excluded from the trial as this treatment can 

impair responsiveness to adrenaline in the event of severe allergic reactions. 

Participants were permitted to use any other medications or treatments they were 

prescribed. 

Participants had to continue to strictly avoid all foods containing peanut. 

Participants had to continue to strictly avoid probiotic supplements and foods 

containing probiotic, for example some yoghurt preparations. 

2.4.5. Clinical outcomes 

The clinical outcomes of the study were (i) double blind placebo controlled food 

challenges (DBPCFC) at T1, T2 and T5 where participants were challenged up to a 

maximum dose of 8 g of peanut flour (4 g of peanut protein) (ii) skin prick test at T1, T2 

and T5, (iii) a quality of life survey at T1, T3 (3 months post treatment), T4 (1 year post 

treatment) and T5, (iv) a peanut ingestion questionnaire at T5.  

Oral DBPCFC were performed at T1 (the day immediately after the final dose of study 

treatment), at T2 (2 to 6 weeks after T1) and at T5 (4 years after T1).  

If there was a challenge failure at T1, the participant would not proceed to a T2 

challenge. The threshold dose at which a reaction occurred and the symptoms of the 

reaction were recorded.  

Participants who failed the T1 challenge were advised to avoid peanut. These 

participants were assessed as remaining peanut allergic. 

Participants who passed the T1 challenge but then failed the T2 challenge were advised 

to avoid peanut. These participants were assessed as having attained desensitisation. 

Participants who passed the T2 challenge were advised to ingest peanut ad libitum. 

These participants were assessed as having attained sustained unresponsiveness.  
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All participants were eligible for T5 challenge. Participants had to avoid all peanut 

ingestion for at least 8 weeks prior to undergoing the T5 challenge. Participants who 

failed the T5 challenge were advised to avoid peanut. Participants who passed the T5 

challenge were advised to ingest peanut ad libitum and were assessed as having 

persistent or long-term sustained unresponsiveness. 

2.4.5.1. Procedure for double blind placebo controlled food challenge 

(DBPCFC)  

T1 (end of treatment), T2 (2-6 weeks post-treatment) and T5 (4 years post-treatment) 

food challenges were performed in the Royal Children’s Hospital Allergy department or 

APPRU.  Nutritional services prepared the doses for the food challenges.  There were 

two sets of containers - one labeled A and the other labeled B.  One was the placebo 

(maltodextrin) and the other was the peanut protein each mixed in an appropriate 

vehicle food.    The doctor and nurse were blinded as to which letter designated which 

food.   The cumulative amount of peanut or placebo powder given was 8 grams weight 

(4 g of peanut protein). 

Food Challenge A began with giving doses from container A as follows: 

Dose Dose (peanut protein) Weight  Cumulative Dose  

1   62.5 mg  125 mg  62.5 mg 

2  125 mg  250 mg  187.5 mg 

3  250 mg  500 mg   437.5 mg 

4  500 mg  1000 mg  937.5 mg 

5  1000 mg  2000 mg  1,937.5 g 

6   1000 mg  2000 mg  2,937.5 g 

7  1062.5 mg  2125 mg  4 g 

The doses were administered at 15 minute intervals, if the subject had not had a 

reaction to the previous dose.  After completion of Food Challenge A, the subject was 
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observed for 2 hours for signs and symptoms of a reaction.  If there had been no 

evidence of reaction then Food Challenge B was commenced.  

Food Challenge B continues with giving doses from container B as follows: 

Dose Dose (peanut protein)  Weight  Cumulative Dose  

1   62.5 mg   125 mg  62.5 mg   

2  125 mg   250 mg  187.5 mg 

3  250 mg   500 mg   437.5 mg 

4  500 mg   1000 mg  937.5 mg 

5  1000 mg   2000 mg  1,937.5 g  

6   1000 mg   2000 mg  2,937.5 g 

7  1062.5 mg   2125 mg  4 g 

The doses were administered at 15 minute intervals if the subject had not had a 

reaction to the previous dose. The subject was observed for a minimum of two hours 

following Food Challenge B.   

The patient was discharged home if no adverse reactions were noted. 

The study doctor and study nurse were present at all times and an intravenous cannula 

was inserted in all patients prior to commencement of the peanut challenge.  

2.4.6. Collection of biospecimens  

o The effects of combined probiotic and peanut OIT (PPOIT) on systemic and 

mucosal immune responses were examined, focusing on peanut and peanut component 

(Ara h1, h2, h3, h8, h9) specific IgE (sIgE) and specific IgG4 (sIgG4), peanut specific 

salivary IgA, peanut induced cytokine responses, and peanut specific T-regulatory 

(Treg) cells.  
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o A 15-20 ml blood sample and saliva were collected from study participants at 

study entry (T0), end of treatment (T1), 3 months post treatment (T3), and 4 years post 

treatment (T5).  

o In addition, saliva was collected from study participants at week 17, week 33, 

week 49 of treatment and at 1 year post treatment (T4).  

o Serum, plasma and saliva were stored at -80ºC for later batch measurement of 

peanut and peanut component specific IgE and IgG4 and peanut specific salivary IgA.  

o Peripheral blood mononuclear cells (PBMC) were separated from heparinised 

blood by density gradient centrifugation within 8 hours and cryopreserved (20 

x106cells/ml) at T0, T1, T3, and T5.  

o PPOIT was conducted from 2009 to 2013 with 62 participants initially enrolled. 

6 of 62 study subjects did not complete the study therefore their later visit samples 

were not available. Blood and saliva samples were collected (where possible) during all 

of the above visits.  

2.4.7. Materials and methods for laboratory analyses 

The standard operating procedures (SOP) used for following are presented in the 

Appendices. 

2.4.7.1. Peripheral blood mononuclear cell (PBMC) isolation, 

cryopreservation and batch thawing 

PBMC were isolated from heparinised whole blood by density gradient centrifugation 

(Ficoll-paque; GE Healthcare; Uppsala, Sweden) and centrifuging for 10 minutes at 700g. 

The plasma layer was separated and stored in 1ml aliquots at -80◦C.  The PBMC layer 

was washed then underwent a second density centrifugation for 30 minutes at 400g. 

PBMC layer was washed three times in RPMI(Invitrogen, NZ) supplemented with 2% 

HI-fetal calf serum (FCS; Invitrogen; NZ) and then cryopreserved at a concentration of 

8-12 x106 cells / mL in a 1:1 ratio of RPMI/HI-FCS. The PBMC were placed into -80◦C 

freezer for 24-72 hours and then transferred to liquid nitrogen for cryopreservation. 
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Later, cryovials of PBMC were batch thawed in 37◦C water baths for 3-5 minutes. The 

PBMC were washed in RPMI/HI-FCS and resuspended in the appropriate media. A 

repeat cell count and determination of viability using Trypan Blue (Signma, St Louis, 

USA) were done at this stage.  

2.4.7.2. PBMC culture and stimulation 

Batch thawed PBMC were stained with the cell tracking dye Carboxyfluorescein 

Diacetate Succinimidyl Ester (CFSE; CellTraceTM CFSE Cell Proliferation Kit; Invitrogen; 

Orgeon, USA) at a concentration of 10 μL / 1 x 106 cells by incubating at 37°C for 5 

minutes. After incubation, PBMC were washed with RPMI and 0.1% autologous serum 

and spun at 600g for 10 minutes before being resuspended in AIM-V medium CTS™ 

(Life Technologies; NY, USA) with 5% autologous serum to reach a final concentration 

of 1 x 106 cells / ml for various culture conditions. The cell suspension was divided in 1 

ml samples for cultures with 10 μL crude peanut extract (CPE) stock (100 μg/mL; a kind 

gift from Professor Wesley Burks’ research group; Duke University, NC, USA), 10 μL 

ovalbumin (OVA; 100 μg/mL) stock and 6.3 μL tetanus toxoid (TT; 1 μg/mL) stock. One 

1 ml sample of PBMC resting in media alone was set up as control. All cultures were 

incubated at 37°C in 5% CO2 and 95% humidity for 6 days. At the end of the culturing 

period, cell culture supernatants were separated by centrifugation at 600 g for 10 

minutes and stored at -80°C for subsequent cytokine quantification. PBMC were stained 

for analysis of candidate T-regulatory (Treg) cell populations using fluorescence 

activated cell sorting (FACS) assay.  

2.4.7.3. Fluorescence activated cell sorting (FACS) assay 

After resting or culturing with antigens (CPE, OVA or TT) for 6 days, PBMC were 

resuspended in FACS buffer (phosphate buffered saline, PBS, with 2% HI-FCS) and 1% 

sodium azide (Australian Chemical Reagents; Queensland, Australia) at a concentration 

of 1 x 106 cells / 100 μL and surface stained using the following monoclonal mouse anti-

human antibodies (BD Biosciences; CA, USA):  Peridinin Chlorophyll Protein (PerCP)-

conjugated anti-CD4 (2.5 μL), PhycoErythrin-Cyanin (PE-Cy) 7-conjugated anti-CD25 

(2.5 μL), AlloPhycoCyanin (APC)-conjugated anti-CD45RA (2 μL) and V450-conjugated 

anti-CD27 (1 μL). After incubating for 20 minutes, the PBMC were centrifuged at 600 g 
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for 10 minutes followed by permeabilisation, fixing and intracellular staining using 

PhycoErythryin (PE)-conjugated anti-Foxp3 (BD Biosciences; CA, USA).  

All FACS data were acquired on a 10-colour LSR II (BD, San Jose, CA, USA) flow 

cytometer and analysed using BD FACSDiva Software Version 10.1 (BD Biosciences, CA, 

USA). Compensation for spectral overlap was done using positive and negative control 

beads (BD, San Jose, CA, USA). The same compensation settings were used for each FACS 

analysis. 

T-regulatory (Treg) cells were identified by surface staining using CD4-PerCP, CD25-PE-

Cy7 and intracellular Foxp3-PE. Proliferative response was evaluated using cell tracking 

dye CFSE. CFSE forms fluorescent conjugates by reacting with intracellular amines and 

are well retained in the parent and daughter cells during cycles of cell division. The level 

of CFSE fluorescence in a cell reflects the number of cell divisions. Proliferating cells can 

be identified as CFSElo. Therefore proliferating Treg were enumerated by applying the 

standardised gating strategy selecting CD4+/CD25+/Foxp3+/CFSElo lymphocytes.  

An example of FACS gating strategy is presented in the Appendices. 

2.4.7.4. Supernatant Cytokine multiplex quantification assay 

Concentrations of interleukin (IL)-10, IL-4, IL-5, IL-13 and interferon gamma (IFN-γ) 

were determined in supernatants obtained from 6 day PBMC cultures using multiplex 

cytokine bead assay on a Luminex 200 analyser (Luminex Corporation, Austin, TX, USA). 

The Milliplex MAP Human High Sensitivity Magnetic Bead Panel kit (EMD Millipore, St 

Charles, MO, USA) contains distinctly coloured anti-cytokine beads with matching anti-

cytokine reporters. A standard was provided consisting of IL-10 (6000 pg/mL), IL-4 

(7500 pg/mL), IL-5 (2000 pg/mL), IL-13 (1000 pg/mL) and IFN-γ (2500 pg/mL) and an 

eight-point standard curve was prepared using 1:4 serial dilutions. The coupled beads 

were incubated with supernatant samples, standards and controls overnight at 4°C in 

accordance with the manufacturer’s instructions. After washing, 50 μl of the reporter 

molecule Streptavidin-Phycoerythrin conjugate was added to each well together with 

50 μl of detection antibodies. Following 30 minutes incubation at room temperature, 

wash steps were performed three times with wash buffer via vacuum filtration using a 

manual vacuum manifold. Then, cytokine levels were measured using the Luminex 200 
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analyser where the beads specific to each cytokine were identified by one laser while 

another laser quantified the cytokines based on the reporter molecule. Results were 

reported in pg/mL and analysed using MasterPlex QT (Hitachi Solutions America, Ltd; 

USA). All supernatant samples were analysed in duplicate with low and high quality 

controls included in each run. 

2.4.7.5. Salivary peanut specific-IgA (sIgA) enzyme linked 

immunosorbent assay (ELISA) 

The method for salivary peanut s IgA measurement was adapted from a protocol 

originally developed by Dr Herman Staats (Duke University School of Medicine, Durham, 

NC, USA) and modified by Dr Michael Kulis and Professor Wesley Burks (Duke 

University Medical Centre, Durham, NC, USA) and optimised in the Murdoch Childrens 

Research Institute. Briefly, 96-well microtitre plates (NUNC MaxiSorp, Thermo 

Scientific; NY, USA) coated with 100 μL/well of a mixture of crude peanut extract (CPE; 

11 mg/mL; kindly provided by Professor Wesley Burks and his research group, Duke 

University Medical Centre, Durham, NC, USA). After incubation for 1 hour at 37°C, CPE 

coated ELISA plates were washed four times with phosphate buffered saline ( PBS) 

containing 0.05% Tween 20. Saliva samples were diluted 1:2 in PBS containing 0.5% 

Tween 20 and 2% fetal calf serum (FCS). The standard was diluted in the range of 1:40 

to 1:5 by serial dilutions. An in-house plasma sample with a known high peanut-specific 

IgA was diluted 1:50, 1:100 and 1:200 to yield positive control samples. PBS containing 

0.5% Tween 20 and 2% fetal calf serum (FCS) without saliva was used as a negative 

control. Salivary samples, standards and controls were then added and incubated for 24 

hours at 4°C. After incubation, plates were washed four times and incubated for another 

hour at 37°C with an HRP-conjugated goat anti-human IgA (Southern Biotech; AL, USA) 

at a 1:5000 dilution. After this incubation period, plates were washed four times in PBS 

Tween and distilled water separately. A TMB substrate solution of 11 mL (KPL; 

Gaithersburg, MD, USA) was then added and incubated for 20 minutes. The reaction was 

stopped by the addition of 1 M of H3PO4 at room temperature. The plates were read 

within 30 minutes using a microplate reader (BioTek; VT, USA) and results analysed 

using the KCjunior V1.40.3 software package (BioTek, Winooski, VT, USA). Results were 

reported in ELISA units (EU/mL). Saliva samples (volume permitting) were analysed in 

duplicate and all standards and controls were analysed in duplicate. 
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2.4.7.6. Serum and plasma specific-IgE (sIgE) and specific-IgG4 

(sIgG4) fluorenzyme immunoassay (FEIA) 

Levels of whole peanut and peanut component (Ara h1, h2, h3, h8, h9) sIgE and sIgG4 

were measured using the ImmunoCAP 250 instrument (Phadia AB, Uppsala, Sweden) 

according to the manufacturer’s instructions. Levels of whole peanut and peanut 

component sIgE and sIgG4 were measured in plasma samples, with the exception of 

whole peanut sIgE which was measured in serum samples.  

ImmunoCAP is a fluorenzyme immunoassay where the whole peanut or peanut 

component antigen is covalently bound to a solid phase (‘the cap’). After incubation 

with the participant’s serum or plasma, the cap was washed to remove unbound non-

specific IgE or IgG4 before enzyme labelled antibodies against the specific IgE or IgG4 

were added to form a complex. The bound complex was then incubated with a 

developing agent. After stopping the reaction, fluorescence of the eluate was measured. 

The fluorescence intensity is directly correlated with the amount of specific IgE or IgG4 

present. The consumables required for the ImmunoCAP assay were supplied by the 

manufacturer (Phadia AB; Uppsala, Sweden) or supplied as in-kind support by 

distributor (Abacus-ALs). Serum and plasma samples were centrifuged at 3,000 rpm for 

5 minutes prior to aliquoting. Manufacturer’s and in-house quality controls (specifically, 

plasma from participants 101 and 406 at time points T1 (end of treatment) and T5 (4 

years post-treatment) for which sIgE concentrations were known) were included in 

each run. For sIgE, data was reported as kUA/L and sIgG4 data was reported as mgA/L.  

2.4.8. Evaluation of Health-Related Quality of Life 

Health related quality of life assessments were conducted at screening, T1 (end of 

treatment), 3 months post treatment (T3), 12 months post treatment (T4) and 4 years 

post treatment (T5) by means of a validated Food Allergy Quality of Life Questionnaire -

Parent Form (FAQLQ-PF) which was completed by the parent/caregiver of the 

participant.  

Analysis of Health-Related Quality of Life data was not a primary aim of this doctoral 

thesis, but the doctoral candidate was involved in the collection, analysis and 

preparation for publication of PPOIT-001 trial quality of life data[96].  
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The food allergy quality of life questionnaire-parent form (FAQLQ-PF) is a disease-

specific health related quality of life (HRQL) questionnaire with excellent validity and 

reliability. This psychometric tool was developed to assess quality of life in children 

with food allergies (aged 0-12 years) and allows parents to report children’s HRQL from 

the child’s perspective. FAQLQ-PF is presented in a single form for all age groups (0-3; 

4-6; 7-12 years) and is considered “user-friendly”. It contains 30 items, and the 

response scale ranges from 0 (minimal impairment in HRQL) to 6 (maximal impairment 

in HRQL). The measure has 3 subscales assessing 3 factors found to be essential for 

assessing the global impact of food allergy on HRQL: general emotional impact, food 

anxiety and social and dietary limitations. The total score is calculated as the mean of 

items.  

The food allergy independent measure (FAIM) is a food allergy specific measure based 

on 6 questions included within the FAQLQ-PF, with a response scale from 0 (extremely 

unlikely) to 6 (extremely likely). The questions assess the parent’s perception of the 

chance of an adverse outcome for the child with a food allergy.  

The questions relate to:  

1. The chance of accidental exposure; 

2. The chance of a severe reaction on food exposure; 

3. The chance of dying from food exposure; 

4. The chance of a child effectively treating him/herself or receiving effective 

treatment, following a food allergic reaction; 

5. How many foods were avoided because of food allergy (categorized as single, 2, 

multiple >2); 

6. How much food allergy limits the type of activities that the child can take part in. 
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2.4.9. Statistical methods 

2.4.9.1. Statistical analysis plan (SAP) 

The trial was analysed using an “intent-to-treat” classification for the intervention.  

Relative risk estimates for (1) the effect of probiotic and peanut OIT (PPOIT) compared 

to placebo on categorical measures of peanut desensitisation, 2-6 week sustained 

unresponsiveness (SU) or long-term sustained unresponsiveness (LTSU) was calculated 

using multiple logistic regression models with adjustment for relevant confounders.  

Desensitisation to Peanut: 

The number and percentage of participants who achieved desensitisation to peanut 

were presented for all participants. Desensitisation was defined as the ability to tolerate 

4000 mg of peanut protein (cumulative dose) during the end of treatment DBPCFC 

following 18 months of treatment (T1). A participant was considered to have 

desensitisation to peanut if they passed the DBPCFC at the T1 visit. 

2-6 week sustained unresponsiveness (SU) following 18 months of treatment: 

The number and percentage of participants who achieved SU at the T2 DBPCFC was 

presented for all participants. SU was defined as the ability to tolerate 4000 mg of 

peanut protein (cumulative dose) during the DBPCFC conducted 2-6 weeks after 

treatment cessation (T2). A participant was considered to have an SU to peanut if they 

passed the DBPCFC at the T2 visit. 

Long-term sustained unresponsiveness (LTSU) at 4 years post-treatment: 

The number and percentage of participants who achieved LTSU at the T5 DBPCFC was 

presented for all participants who underwent evaluation. LTSU was defined as the 

ability to tolerate 4000 mg of peanut protein (cumulative dose) during the DBPCFC 

conducted 4 years after treatment cessation (T5) and after at least 8 weeks of peanut 

avoidance in the lead up to the T5 DBPCFC. A participant was considered to have a LTSU 

to peanut if they passed the DBPCFC at the T5 visit. 
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o Multiple linear regression models was used to assess the effect of the 

intervention on continuous variables such as peanut SPT wheal size.  

o If a child was lost to follow-up, their last available outcome measure was utilised 

in the intent-to treat analysis.  

o Immunological variables were compared in PPOIT and placebo groups using 

standard t-test methods after log transformation of values, with data summarised using 

geometric means for between group comparisons. 

o Immunological variables were correlated to different clinical outcomes by 

comparison of variables between those who received probiotic with peanut OIT 

(PPOIT) and placebo using standard t-test after log transformation of values with data 

summarised using geometric means for between group comparisons. 

Given that the doctoral candidate was investigating a number of hypotheses, the 

candidate did not adjust p-values for multiple comparisons as per Feise and 

Perneger[97 98].    

2.4.9.2. Data Handling and Record Keeping 

o All the data gathered were recorded directly into the Case Report Form (CRF) as 

source data. 

o Data from the CRFs were entered into a computer database which had been set 

up with an appropriate range checks. The database was checked against the case report 

forms for accuracy.  Access to the database was restricted by password.  

o Information on the database was anonymised, with participants referred to by 

their unique study identification number.  

o The Study Coordinator/ study nurses were responsible for the completeness, 

accuracy, legibility and timeliness of the data reported.  

o A list of the treatment regimen of each randomisation group was stored in a 

locked cabinet in the Royal Children’s Hospital Immunology Laboratory and in the 

hospital pharmacy.  
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2.4.10. Ethics and trial registration 

2.4.10.1. Independent ethics committee  

The protocol and participant informed consent forms for the follow-on study of the 

PPOIT-001 trial  were approved by the Royal Children’s Hospital (RCH) Human 

Research Ethics Committee (HREC) for the Murdoch Children’s Research Institute 

(MCRI) based at the RCH (HREC 27086Q, 4/12/2014). The Investigators did not 

participate in the Committee’s decisions. Approval was received in writing from the 

HREC prior to initiating the trial. All amendments were submitted to the HREC for 

review and approval prior to implementation. The PPOIT-001 trial was registered with 

ACTRN12608000594325, registered 25/11/2008. 

2.4.10.2. Ethical Conduct of the Trial  

The trial was conducted in accordance with the principles of International Council for 

Harmonisation (ICH) of Technical Requirements for Pharmaceuticals for Human Use 

(ICH) Guideline for Good Clinical Practice (GCP), (E6)(R2) and the Declaration of 

Helsinki (2013). 

2.4.10.3. Study Participant Information and Consent 

As this trial involved enrolling paediatric participants 1 year to 10 years of age, it was 

necessary to obtain the consent of the parent or legal guardian of the paediatric 

participants. The parent/guardian of all prospective participants was provided with a 

Parent/Guardian Information Statement and Consent form (PGISCF) approved by the 

RCH HREC. The Investigators or delegates provided the Information Statement to 

parents prior to the screening visit to read and review in a timely manner and ask any 

questions that he/she had in order to fully understand the nature of the trial, and any 

risks and procedures involved. Full written informed consent was obtained from all 

parent/guardians during the pre-screening process, and before any trial-specific 

procedures were performed. Participants were advised that they were able to refuse to 

participate in, or to withdraw from the trial at any time, and that the medical care they 

received would not be affected by their decision regarding participation in the trial.  
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2.5. Chapter summary  

PPOIT-001 was a rigorously conducted double-blind, placebo-controlled randomised 

trial designed to evaluate the clinical effectiveness of PPOIT in children with peanut 

allergy. The follow-on study was established to investigate the long-term clinical and 

immunologic outcomes of participants treated with PPOIT as compared to those treated 

with placebo. 

In Chapters 3-5, the doctoral candidate presents the long-term clinical and immunologic 

outcomes of participants in the PPOIT-001 trial. 
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Chapter 3. Results: Long-term clinical effects of 

PPOIT in the PPOIT-001 randomised trial 

3.1. Chapter introduction  

In the previous chapter, the doctoral candidate outlined the rationale, overall aims and 

methods of the follow-on study of the PPOIT-001 trial, a randomised controlled trial of a 

combined probiotic and peanut oral immunotherapy (PPOIT) in children with peanut 

allergy. In this chapter, the doctoral candidate presents findings on the long-term 

clinical effects of PPOIT in the form of a published original research article, first-

authored by the doctoral candidate. The final publication is available at 

https://www.thelancet.com/journals/lanchi/article/PIIS2352-4642(17)30041-

X/fulltext. 

  

https://www.thelancet.com/journals/lanchi/article/PIIS2352-4642(17)30041-X/fulltext
https://www.thelancet.com/journals/lanchi/article/PIIS2352-4642(17)30041-X/fulltext
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3.2. The published manuscript 
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3.3. Supplementary Material 
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3.4. Chapter summary  

The follow-on study of the PPOIT-001 trial confirmed that the clinical benefits and 

persistent suppression of peanut allergic immune response associated with PPOIT were 

maintained at 4 years post-treatment. In the next two chapters (Chapters 4 and 5) the 

doctoral candidate presents findings on the participants’ longitudinal immune 

responses to PPOIT.  
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Chapter 4. Results: Immunomodulatory effects of 

PPOIT on the antibody responses of participants in 

the PPOIT-001 randomised trial  

4.1. Chapter introduction 

In the previous chapter (Chapter 3), the doctoral candidate presented long-term clinical 

outcomes of participants in the PPOIT-001 trial. In this chapter, findings relating to the 

immunomodulatory effects of PPOIT on participants’ antibody responses are presented.  
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4.2. Abstract 

4.2.1. Background  

Probiotic and Peanut Oral Immunotherapy (PPOIT) is effective at inducing challenge 

proven 2-6 week sustained unresponsiveness (SU) at end of treatment and this effect 

persists to four years post-treatment in the majority of treatment responders, indicating 

long-term SU (LTSU). The doctoral candidate examined longitudinal effects of PPOIT on 

peanut specific humoral immune responses and their relationship with LTSU in 

participants of the PPOIT-001 randomised trial. 

4.2.2. Method 

Serum or plasma levels of whole peanut and peanut component (Ara h1, h2, h3, h8, h9) 

specific-IgE (sIgE) and specific IgG4 (sIgG4) were measured by ImmunoCAP in children 

(n=62) enrolled in the Probiotic and Peanut Oral Immunotherapy (PPOIT) randomised 

trial (PPOIT-001) at study entry or baseline (T0), after 18 months of treatment (T1), at 

3 months post-treatment (T3) and at 4 years post-treatment (T5). Peanut specific 

salivary IgA was measured by ELISA at T0, at weeks 17, 33, 49 (approximately 4, 8, 12 

months respectively) during treatment, after 18 months of treatment (T1), 2-6 weeks 

post-treatment (T2), 3 months post-treatment (T3) and at 12 months post-treatment 

(T4). Multivariate regression analyses of log-transformed values were used for point-in-

time between group comparisons. Generalised estimating equations (GEE) were used 

for between group comparisons of longitudinal trends. 

4.2.3. Results 

PPOIT was associated with changes in peanut and Ara h1, h2, h3 sIgE and sIgG4 over 

time. sIgE levels were significantly reduced post-treatment (between group comparison 

at T5, PPOIT v.s. Placebo: sIgE peanut p=0.089, Ara h1 p=0.017, Ara h2 p=0.008, Ara h3 

p=0.042). sIgG4 levels were significantly increased by end of treatment (between group 

comparison at T1, PPOIT vs placebo: sIgG4 peanut p<0.001, Ara h1 p=0.022, Ara h2 

p<0.001, Ara h3 p<0.001) but decreased once treatment was stopped and returned to 

baseline (that is, study entry) levels by T5 (between group comparison at T5, PPOIT vs 

placebo: sIgG4 peanut p=0.409, Ara h1 p=0.549, Ara h2 p=0.034, Ara h3 p=0.234). 
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Similarly, salivary peanut sIgA increased during treatment, as early as 4 months of 

treatment (PPOIT v.s. Placebo p=0.006), then reduced post-treatment. In PPOIT-treated 

participants who attained 2-6 week SU and were instructed to ingest peanut ad-libitum, 

those who ingested larger amounts of peanut at 4 years post-treatment had lower 

peanut SPT wheal size (adjusted p=0.032) compared to those who were eating a small 

amount of peanut or not ingesting peanut at all; however the amount of peanut 

ingestion did not affect peanut sIgE level (adjusted p=0.462). Conversely, the amount of 

peanut ingestion at 4 years post-treatment correlated with peanut sIgG4 levels 

(adjusted p=0.015). To investigate immune changes associated with LTSU at 4 years 

post-treatment, immune measures were compared in PPOIT-treated participants who 

did or did not have LTSU at 4 years post-treatment. Participants with PPOIT-induced 

LTSU had lower SPT wheal size (age-, sex-, ingestion-adjusted p=0.001), lower sIgE 

(age-, sex-, ingestion- adjusted peanut p=0.003, Ara h1 p=0.004, Ara h2 p=0.001, Ara h3 

p=0.023) and lower sIgG4 (age-, sex-, ingestion-adjusted peanut p=0.032, Ara h1 

p=0.002, Ara h2 p=0.084, Ara h3 p=0.018) compared with PPOIT-treated participants 

who did not have LTSU. 

4.2.4. Conclusions  

PPOIT was associated with broad reduction in peanut specific humoral responses which 

may mediate clinical effects. Long-term sustained unresponsiveness (LTSU) that 

persists to 4 years post-treatment was associated with downregulation of the B cell 

response to peanut.  
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4.3. Rationale 

A novel peanut oral immunotherapy treatment, combining probiotic with peanut oral 

immunotherapy, (PPOIT) is effective at inducing clinical remission (2-6 week sustained 

unresponsiveness (SU) at end of treatment[95]; and more importantly, long-term 

sustained unresponsiveness (LTSU) at 4 years post-treatment[99] as presented in the 

previous chapter. Gradual exposure to allergen is postulated to suppress the allergic 

response (desensitisation) through downregulation of effector cells and eventually 

redirect the allergen-specific immune response from allergy to tolerance.  Mechanistic 

studies during oral immunotherapy (OIT) have demonstrated treatment associated 

reduction in allergen skin prick test (SPT) wheal size[18 40 94 95 100], which reflects 

suppression of mast cell activation; however reductions in circulating levels of allergen 

specific IgE (sIgE) are generally not achieved[18 55 100]. A few studies demonstrate 

reduced sIgE after years of treatment[19 61], suggesting that the underlying allergic 

response may be modulated after longer duration of OIT. Allergen specific OIT is 

consistently associated with upregulation of allergen specific IgG4 (sIgG4)[18 37 55 94 

101 102] and salivary IgA[56] during the treatment phase, however the roles of sIgG4 

and salivary IgA in tolerance acquisition remain uncertain.  Whilst an increase in sIgG4 

blocking antibodies has been suggested to be important for the transition to tolerance, 

evidence for this remains lacking. For example, it is notable that sIgG4 levels increase 

markedly during allergen immunotherapy even in the absence of tolerance 

induction[19 40]. This suggests that increases in allergen-specific IgG4 with 

immunotherapy may reflect allergen exposure rather than transition of the allergen-

specific immune response towards tolerance.  

The doctoral candidate hypothesised that (1) PPOIT induces upregulation of peanut and 

peanut component sIgG4 and peanut salivary IgA levels during treatment, (2) PPOIT 

induces long-term downregulation of peanut and peanut component sIgE levels and (3) 

long-term sustained unresponsiveness (LTSU) at 4 years post-treatment is associated 

with reduction in peanut and peanut component sIgE levels.  

The specific aims of this study are to: 
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 Compare the longitudinal changes in peanut and peanut component (Ara h1, h2, 

h3, h8 and h9) sIgE and sIgG4 levels and peanut SPT wheal size in PPOIT-001 

trial participants in the PPOIT (active treatment) and placebo (control 

treatment) groups;  

 Compare the longitudinal changes in peanut salivary IgA levels in PPOIT-001 

trial participants in the PPOIT and placebo groups; 

 Examine the association between peanut ingestion and peanut SPT wheal size, 

peanut and peanut component (Ara h1, h2, h3, h8 and h9) sIgE, sIgG4, at 4 years 

post-treatment (T5) in participants in the PPOIT group; 

 Examine the association between LTSU and peanut SPT wheal size, peanut and 

peanut component (Ara h1, h2, h3, h8 and h9) sIgE, sIgG4, at 4 years post-

treatment (T5) in participants in the PPOIT group. 
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4.4. Abbreviated methods 

Detailed methods including laboratory methods for the PPOIT-001 trial are presented in 

Chapter 2. The following is a summary of select aspects of study methodology relevant 

to this results chapter. 

4.4.1. Participants 

The Probiotic and Peanut Oral Immunotherapy (PPOIT-001) trial is a double-blind 

placebo controlled randomised trial that randomised 62 children aged 1-10 years with 

peanut allergy, defined as either (i) a clear history of immediate onset allergic reaction 

following peanut ingestion within the past 24 months in conjunction with positive 

peanut SPT or sIgE or (ii) clear history of immediate allergic reaction to peanut ever in 

conjunction with peanut SPT wheal size ≥8mm or sIgE level of ≥15kU/L, to receive daily 

probiotic adjuvant (2x1010 Lactobacillus rhamnosus CGMCC 1.3724) and peanut oral 

immunotherapy (maintenance 2 g/d peanut protein; PPOIT) or placebo and placebo for 

18 months.  

4.4.2. Evaluation of outcomes 

A double-blind placebo-controlled food challenge (DBPCFC) to peanut (cumulative dose 

4g peanut protein) was administered to all subjects on the day after the final day of 

treatment (T1) to assess for peanut desensitisation. Subjects who passed this challenge 

underwent a second DBPCFC 2-6 weeks later (T2) to assess for sustained 

unresponsiveness (SU). An end of study visit was completed at 3 months post-treatment 

(T3). 56 participants completed the parent trial (PPOIT, n = 28; placebo, n = 28) and 

were eligible for a follow-up study at 4 years post-treatment (T5, long-term follow-up). 

48 of 56 (86%) eligible participants enrolled in the follow up study (PPOIT, n = 24; 

placebo, n = 24) and a subset consented to SPT (PPOIT, n = 18; placebo, n = 18), blood 

test (PPOIT, n = 18; placebo, n = 17) and/or a DBPCFC following 8-week secondary 

peanut elimination to assess for long-term sustained unresponsiveness (LTSU) at 4 

years post-treatment (PPOIT, n=12; Placebo, n= 15).  
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4.4.3. Study samples 

As per registered PPOIT-001 study protocol, whole blood and saliva samples were 

collected at study entry, after 18 months of treatment (T1), 3 months post-treatment 

(T3) and at 4 years post-treatment (T5). Saliva samples were also collected at weeks 17, 

33, 49 (approximately 4, 8, 12 months) during treatment, at 2-6 weeks post-treatment 

(T2) and at 12 months post-treatment (T4) from eligible participants. Only participants 

who had attained desensitisation at T1 were eligible for follow-up at T2. Blood samples 

were processed (plasma, serum, peripheral blood mononuclear cells), cryopreserved at 

-80◦C and subsequently batch thawed and analysed by the doctoral candidate and/or by 

other members of the research group.  

4.4.4. Whole peanut and peanut component specific-IgE (sIgE) 

and specific-IgG4 (sIgG4) measurements 

Levels of serum peanut and plasma peanut component (Ara  h1, h2, h3, h8 and h9) sIgE 

and sIgG4 were measured using ImmunoCAP 250 (Phadia AB, Uppsala, Sweden) 

according to the manufacturer’s instructions. Reagents and consumables including 

whole peanut and Ara h component ImmunoCAPs, were supplied by the manufacturer 

(Phadia AB; Uppsala, Sweden) or supplied as in-kind support by distributor (Abacus-

ALs). Samples were centrifuged at 3000 RPM for 5 minutes prior to aliquoting. 

Commercial and in-house quality control materials were used. For sIgE, data was 

reported as kUA/L and sIgG4 data was reported as mgA/L.  

4.4.5. Salivary peanut specific-IgA (sIgA) measurement 

Salivary samples were analysed for peanut sIgA using an in-house ELISA assay adapted 

from a protocol originally developed by Dr Herman Staats and modified by Professor 

Wesley Burks and Dr Michael Kulis[56]. Briefly, ELISAs were carried out in 96-well 

microtitre plates coated with 100 μL/well of a Crude Peanut Extract (11 mg/mL; kindly 

provided by Professor Wesley Burks and his research group, Duke University Medical 

Centre, Durham, NC, USA). Saliva samples were diluted 1:2 in phosphate buffered saline 

(PBS) containing 0.05% Tween 20 (PBS-T) and 2% fetal calf serum (FCS) and incubated 

for 24 hours at 4°C. Plates were washed 4 times with PBS-T and incubated (1 hour, 
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37°C) with horseradish peroxidase (HRP) conjugated goat anti-human IgA (Southern 

Biotech; AL, USA) at 1:5,000 dilution. After washing four times in both PBS-T and 

distilled water, separately, tetramethylbenzidine (TMB) substrate (KPL; Gaithersburg, 

MD, USA) was added at room temperature and the reaction stopped after 20 mins with 

1 M phosphoric acid (H3PO4). Plates were read within 30 minutes (BioTek plate reader; 

VT, USA) and results analysed using the KCjunior V1.40.3 software package (BioTek, 

Winooski, VT, USA). Concentrations were measured in ELISA units (EU/mL). 

4.4.6. Statistical methods 

Immune indices were examined visually for normality and linearity. Effects of potential 

confounders including age and sex on immunologic outcome measures were examined 

using logistic or linear regression models. Age and sex did not have an effect on 

antibody levels. 

As per registered study protocol (ACTRN 12608000594325, 25/11/2008), parametric 

immunologic variables were analysed using standard t test with data summarised using 

arithmetic means and standard deviations (SD). Non-parametric immunologic variables 

were analysed using standard t test on logarithmic scaled values with data summarised 

using geometric means and 95% confidence intervals (95% CI). Between group 

analyses for PPOIT versus Placebo were by intention to treat (ITT) where outcome data 

were available as per the approach adopted in previous publications relating to this 

study[95 99]. The doctoral candidate performed between outcome group analyses of 

immunologic variables for PPOIT-treated participants who attained long-term SU 

(LTSU) versus those that did not.  

In addition, for evaluation of longitudinal trends from study entry (T0) to 4 years post-

treatment (T5), the doctoral candidate used generalised estimating equation (GEE) 

models which adjust both parameter estimates and standard errors to allow for 

clustering within subjects because of repeated measures in longitudinal studies[103 

104].  

The doctoral candidate categorised peanut and peanut component sIgE and peanut SPT 

results into positive and negative using standard diagnostic thresholds (negative 
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defined as: sIgE <0.35kU/L, SPT <3mm above negative control) and presented the 

proportion of SU and non-SU participants with negative results at 2-6 weeks post-

treatment and at 4 years post-treatment. 

Given that the doctoral candidate was investigating a number of hypotheses, the 

candidate did not adjust p-values for multiple comparisons as per Feise and 

Perneger[97 98].    

Data were analysed with Stata release 15 software (StataCorp, College Station, Tex). 

4.4.7. Ethics 

Ethics approval was obtained from The Royal Children’s Hospital Human Research 

Ethics Committee (HREC 27086). The trial, including the a priori plan to analyse 

immunologic variables as secondary outcomes, was registered with the Australian New 

Zealand Clinical Trials Registry (ACTRN 12608000594325, 25/11/2008). 
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4.5. Results 

4.5.1. Participant flow  

At T0 baseline (T0), 31 children were randomised to PPOIT and 31 to placebo (Figure 

4-1). Two PPOIT-treated children and 3 Placebo-treated children withdrew during 

treatment leaving 29 PPOIT-treated and 28 Placebo treated children reaching T1. One 

PPOIT-treated child withdrew between T1 and T2. Of the 56 children who completed 

the parent study, 48 (PPOIT n=28, Placebo n=28) participated in the long-term follow-

up study 4 years post-treatment[99].  One child who was not on immunosuppressive 

therapy whilst taking PPOIT study treatment but subsequently was commenced on 

azathioprine by their treating doctors for treatment of eczema participated in this study. 

Peanut SPT wheal size and peanut and peanut component sIgE and sIgG4 

measurements were available for over 98% of participants from baseline to 3 months 

post-treatment. Salivary peanut specific IgA measurements were available for over 60% 

of eligible participants (Table 4-1). At T2, saliva samples were collected only from 

eligible participants defined as those who had achieved desensitisation at T1. However, 

this resulted in biased sampling in that biospecimens were only collected from 

participants who achieved desensitisation. In recognition of potential bias introduced, 

between group comparison of salivary peanut specific IgA at this time point (T2) was 

not performed. At the 4 year post-treatment timepoint (T5) blood samples and SPT 

were available for 73% and 75% of eligible participants respectively.  
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Figure 4-1. CONSORT diagram of participant flow in the PPOIT randomised 
controlled trial and the follow-on study of long-term outcome 

 

T0: baseline; T1: end-of-treatment; T2: 2-6 weeks post-treatment to assess for 

sustained unresponsiveness (SU); T3: 3 months post-treatment; T4: 12 months post-

treatment; T5: 4 years post-treatment to assess for long-term sustained 

unresponsiveness (LTSU).  

Salivary peanut sIgA was measured at additional time points between T0 and T1: at 

week 17 (PPOIT=28, Placebo=29), week 33 (PPOIT=29, Placebo=27), week 49 

(PPOIT=29, Placebo=26) of treatment and are not shown here. 

 

  

Withdrew from study (n=1)

PPOIT 
Pre-treatment (n=31)

sIgE, n=31 
sIgG4, n=31

Salivary IgA, n=30

Placebo/Placebo
Pre-treatment (n=31)

sIgE, n=31 
sIgG4, n=30

Salivary IgA, n=26

Allocation

Randomized (n=62)

2-6 weeks post-treatment (n=28)
Salivary IgA, n=20

3 months post-treatment (n=28)
sIgE, n=27 

sIgG4, n=27
Salivary IgA, n=21

12 months post-treatment (n=28)
Salivary IgA, n=13

2-6 weeks post-treatment (n=28)
Salivary IgA, n=2

3 months post-treatment (n=28)
sIgE, n=28 

sIgG4, n=28
Salivary IgA, n=27

12 months post-treatment (n=28)
Salivary IgA, n=22

Withdrew from study  (n=2) Withdrew from study (n=3)

T0

T2

T3

T4

At end of study treatment (n=29)
sIgE, n=29 

sIgG4, n=29
Salivary IgA, n=25

At end of study treatment (n=28)
sIgE, n=28 

sIgG4, n=28
Salivary IgA, n=24

T1

4 years post-treatment (n=24)
sIgE, n=18 

sIgG4, n=15

4 years post-treatment (n=24)
sIgE, n=17 

sIgG4, n=14

T5

Long-term Follow-Up Study

Parent Study

Declined to participate (n=4) Declined to participate (n=4) 
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Table 4-1. Immune markers results available at various time points 

    Number   

    PPOIT Placebo Total % 

Study entry (T0) Eligible 31 31 62   

  Peanut SPT 31 31 62 100.0 

  Peanut sIgE 31 31 62 100.0 

  Peanut sIgG4 31 30 61 98.4 

  Ara h2 sIgE 31 30 61 98.4 

  Ara h2 sIgG4 31 30 61 98.4 

  sIgA 30 26 56 90.3 

            

End of treatment (T1) Eligible 29 28 57   

  Peanut SPT 29 27 56 98.2 

  Peanut sIgE 29 28 57 100.0 

  Peanut sIgG4 29 28 57 100.0 

  Ara h2 sIgE 29 28 57 100.0 

  Ara h2 sIgG4 29 28 57 100.0 

  sIgA 25 24 49 86.0 

            

2-6 weeks post-treatment (T2) Eligible 26 2 28   

  sIgA 20 2 22 78.6 

            

3 months post-treatment (T3) Eligible 28 28 56   

  Peanut SPT 28 28 56 100.0 

  Peanut sIgE 27 28 55 98.2 

  Peanut sIgG4 27 28 55 98.2 

  Ara h2 sIgE 27 28 55 98.2 

  Ara h2 sIgG4 27 28 55 98.2 

  sIgA 21 27 48 85.7 

            

12 months post-treatment (T4) sIgA 13 22 35 62.5 

            

4 years post-treatment (T5) Eligible 24 24 48   

  Peanut SPT 18 18 36 75.0 

  Peanut sIgE 18 17 35 72.9 

  Peanut sIgG4 15 14 29 60.4 

PPOIT = Probiotic and peanut oral immunotherapy, SPT = skin prick test, sIgE = 

specific-IgE, sIgG4 = specific-IgG4, sIgA = specific-IgA 
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4.5.2. Effects of PPOIT treatment on peanut and peanut 

component sIgE levels  

There was a trend towards lower post-treatment peanut (at T1 and T3), Ara h2 (at T1 

and T3) and Ara h3 (at T3) sIgE levels in the PPOIT group compared with the placebo 

group. There were significant reductions in peanut component (Ara h1, h2, h3) sIgE in 

the PPOIT group at 4 years post-treatment (T5) compared with the placebo group.  

There were no between group differences for Ara h8 and Ara h9 sIgE levels at any time 

point. Analysis of longitudinal data revealed that PPOIT treatment was associated with 

significant downward longitudinal trajectories in peanut, Ara h1, Ara h2 and Ara h3 sIgE 

levels from baseline to 4 years post-treatment compared with placebo treatment (GEE, 

age- and sex-adjusted p-values; peanut p<0.001, Ara h1 p=0.003, Ara h2 p<0.001, Ara 

h3 p=0.034) (Table 4-2). 
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Table 4-2. Peanut and peanut component (Ara h1, h2, h3, h8, h9) sIgE by treatment group 

PEANUT sIgE (kU/L) Geometric mean (95% CI) of sIgE (kUA/L) 
Ratio of Geometric mean  

(95% CI)  
Unadjusted P-

value 
Adjusted P-

value* 

 
PPOIT Placebo 

   Study entry, T0 15.8 (6.2, 40.1) 8.0 (3.5, 18.2) 1.98 (0.59, 6.71) 0.265 0.189 

      End of treatment, T1 5.4 (2.2, 13.3) 7.8 (3.1, 20.0) 0.69 (0.20, 2.46) 0.566 0.729 

      3 months post-treatment, T3 4.6 (1.9, 11.5) 13.2 (5.3, 32.5) 0.35 (0.10, 1.23) 0.101 0.158 

      4 years post-treatment, T5 2.8 (1.0, 8.2) 10.7 (3.2, 36.1) 0.26 (0.06, 1.24) 0.089 0.129 

      

PEANUT sIgE (kU/L) 
Median (IQR) of change from study entry in sIgE 

(kUA/L) 

T1 -4.4 (-109.4, -1.2) -0.2 (-3.9, 3.2) 

T3 -4.5 (-108.1, -0.4) 0.6 (-1.6, 25.6) 

T5 -10.9 (-44.9, -1.0) -0.2 (-20.3, 1.6) 

Generalised estimating equation Coefficient (95% CI) P-value 

Study entry to 4 years post-
treatment -0.5 (-0.6, -0.3) <0.001 

*Adjusted for age and sex; The Wilcoxon rank sum (Mann-Whitney) test was applied for data expressed as medians (IQRs), The t test on 

the log scale was applied for data presented as geometric means 
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Ara h1 sIgE (kU/L) Geometric mean (95% CI) of sIgE (kUA/L) 
Ratio of Geometric mean  

(95% CI)  
Unadjusted P-

value 
Adjusted P-

value* 

 
PPOIT Placebo 

   Study entry, T0 1.9 (0.5, 6.7) 0.6 (0.2, 2.1) 3.08 (0.55, 17.18) 0.196 0.155 

      End of treatment, T1 1.0 (0.3, 3.1) 0.8 (0.2, 3.2) 1.24 (0.21, 7.29) 0.809 0.789 

      3 months post-treatment, T3 0.8 (0.2, 2.7) 0.8 (0.2, 3.3) 1.00 (0.16, 6.07) 1.000 0.923 

      4 years post-treatment, T5 0.4 (0.1, 1.6) 5.5 (0.9, 33.6) 0.07 (0.01, 0.59) 0.017 0.008 

      

Ara h1 sIgE (kU/L) 
Median (IQR) of change from study entry in sIgE 

(kUA/L) 

T1 -0.1 (-7.4, 0.0) 0.0 (-0.5, 0.0) 

T3 -0.2 (-7.3, 0.0) 0.0 (-0.0, 3.6) 

T5 -1.2 (-8.6, 0.0) 0.1 (-0.0, 15.0) 

Generalised estimating equation Coefficient (95% CI) P-value 

Study entry to 4 years post-
treatment -0.3 (-0.5, -0.1) 0.003 

*Adjusted for age and sex; The Wilcoxon rank sum (Mann-Whitney) test was applied for data expressed as medians (IQRs), The t test on 

the log scale was applied for data presented as geometric means 
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Ara h2 sIgE (kU/L) Geometric mean (95% CI) of sIgE (kUA/L) 
Ratio of Geometric mean  

(95% CI)  
Unadjusted P-

value 
Adjusted P-

value* 

 
PPOIT Placebo 

   Study entry, T0 10.3 (4.1, 26.0) 6.2 (2.6, 14.5) 1.68 (0.49, 5.77) 0.405 0.316 

      End of treatment, T1 3.2 (1.3, 7.7) 6.1 (2.5, 15.2) 0.53 (0.15, 1.80) 0.298 0.376 

      3 months post-treatment, T3 2.6 (1.0, 6.9) 9.1 (3.8, 21.7) 0.29 (0.08, 1.02) 0.054 0.085 

      4 years post-treatment, T5 0.9 (0.2, 3.2) 10.7 (2.7, 42.0) 0.08 (0.01, 0.50) 0.008 0.007 

      

Ara h2 sIgE (kU/L) 
Median (IQR) of change from study entry in sIgE 

(kUA/L) 

T1 -4.0 (-32.2, -0.7) -0.3 (-5.2, 0.2) 

T3 -4.5 (-41.8, -0.5) 1.1 (-0.6, 26.7) 

T5 -9.5 (-39.4, -1.3) -4.5 (-14.4, 0.6) 

Generalised estimating equation Coefficient (95% CI) P-value 

Study entry to 4 years post-
treatment -0.6 (-0.7, -0.4) <0.001 

*Adjusted for age and sex; The Wilcoxon rank sum (Mann-Whitney) test was applied for data expressed as medians (IQRs), The t test on 

the log scale was applied for data presented as geometric means 
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Ara h3 sIgE (kU/L) Geometric mean (95% CI) of sIgE (kUA/L) 
Ratio of Geometric mean  

(95% CI)  
Unadjusted P-

value 
Adjusted P-

value* 

 
PPOIT Placebo 

   Study entry, T0 0.4 (0.1, 1.1) 0.4 (0.1, 1.1) 1.00 (0.21, 4.64) 0.997 0.881 

      End of treatment, T1 0.4 (0.1, 1.1) 0.3 (0.1, 1.0) 1.24 (0.28, 5.54) 0.778 0.794 

      3 months post-treatment, T3 0.3 (0.1, 0.8) 0.5 (0.1, 1.6) 0.61 (0.13, 2.91) 0.529 0.588 

      4 years post-treatment, T5 0.2 (0.1, 0.5) 1.2 (0.2, 6.2) 0.15 (0.02, 0.93) 0.042 0.021 

      

Ara h3 sIgE (kU/L) 
Median (IQR) of change from study entry in sIgE 

(kUA/L) 

T1 -0.0 (-0.1, 0.0) 0.0 (-0.0, 0.2) 

T3 0.0 (-0.2, 0.0) 0.0 (-0.0, 0.7) 

T5 0.0 (-0.2, 0.1) 0.3 (0.0, 6.5) 

Generalised estimating equation Coefficient (95% CI) P-value 

Study entry to 4 years post-
treatment -0.2 (-0.4, -0.0) 0.034 

*Adjusted for age and sex; The Wilcoxon rank sum (Mann-Whitney) test was applied for data expressed as medians (IQRs), The t test on 

the log scale was applied for data presented as geometric means 
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Ara h8 sIgE (kU/L) Geometric mean (95% CI) of sIgE (kUA/L) 
Ratio of Geometric mean  

(95% CI)  
Unadjusted P-

value 
Adjusted P-

value* 

 
PPOIT Placebo 

   Study entry, T0 0.0 (0.0, 0.1) 0.0 (0.0, 0.1) 1.30 (0.47, 3.56) 0.599 0.665 

      End of treatment, T1 0.1 (0.0, 0.2) 0.0 (0.0, 0.1) 1.69 (0.39, 7.20) 0.465 0.453 

      3 months post-treatment, T3 0.1 (0.0, 0.2) 0.1 (0.0, 0.1) 1.11 (0.28, 4.31) 0.877 0.783 

      4 years post-treatment, T5 0.1 (0.0, 0.1) 0.1 (0.0, 0.2) 0.77 (0.21, 2.85) 0.684 0.964 

      

Ara h8 sIgE (kU/L) 
Median (IQR) of change from study entry in sIgE 

(kUA/L) 

T1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 

T3 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 

T5 0.0 (0.0, 0.0) 0.0 (0.0, 0.1) 

Generalised estimating equation Coefficient (95% CI) P-value 

Study entry to 4 years post-
treatment -0.2 (-0.5, 0.1) 0.288 

*Adjusted for age and sex; The Wilcoxon rank sum (Mann-Whitney) test was applied for data expressed as medians (IQRs), The t test on 

the log scale was applied for data presented as geometric means 
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Ara h9 sIgE (kU/L) Geometric mean (95% CI) of sIgE (kUA/L) 
Ratio of Geometric mean  

(95% CI)  
Unadjusted P-

value 
Adjusted P-

value* 

 
PPOIT Placebo 

   Study entry, T0 0.0 (0.0, 0.1) 0.1 (0.0, 0.1) 0.73 (0.26, 2.04) 0.533 0.791 

      End of treatment, T1 0.1 (0.0, 0.2) 0.1 (0.0, 0.4) 0.81 (0.24, 2.73) 0.725 0.855 

      3 months post-treatment, T3 0.1 (0.0, 0.2) 0.1 (0.0, 0.2) 1.05 (0.33, 3.31) 0.928 0.703 

      4 years post-treatment, T5 0.1 (0.0, 0.1) 0.0 (0.0, 0.1) 1.58 (0.55, 4.53) 0.381 0.362 

      

Ara h9 sIgE (kU/L) 
Median (IQR) of change from study entry in sIgE 

(kUA/L) 

T1 0.0 (0.0, 0.1) 0.0 (-0.0, 0.0) 

T3 0.0, (0.0, 0.0) 0.0 (0.0, 0.0) 

T5 0.0 (-0.0, 0.0) 0.0 (-0.0, 0.1) 

Generalised estimating equation Coefficient (95% CI) P-value 

Study entry to 4 years post-
treatment 0.0 (-0.2, 0.3) 0.770 

*Adjusted for age and sex; The Wilcoxon rank sum (Mann-Whitney) test was applied for data expressed as medians (IQRs), The t test on 

the log scale was applied for data presented as geometric means 
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4.5.3. Effects of PPOIT treatment on peanut and peanut 

component sIgG4 levels 

PPOIT treatment was associated with increased levels of peanut and peanut component 

sIgG4. At 18 months [end of treatment (T1)], levels of peanut, Ara h1, h2, h3 sIgG4 were 

significantly higher in the PPOIT group as compared to placebo group (adjusted 

p<0.001, p=0.011, p<0.001, p<0.001 respectively). However, sIgG4 levels reduced 

rapidly after PPOIT treatment cessation and were back at pre-treatment or study entry 

levels by 4 years post-treatment (T5) (adjusted p=0.756, p=0.305, p=0.036, p=0.526 

respectively).  Although between group differences in sIgG4 were maintained at 3 

months post-treatment (T3), in the PPOIT group, levels of peanut, Ara h1 and h3 sIgG4 

had reduced to 50-71% of end of treatment values. Longitudinal repeated measures 

analyses using generalised estimating equation (GEE) from study entry to 4 years post-

treatment demonstrated significant upward trajectories in peanut, Ara h1, h2, h3 sIgG4 

levels in the PPOIT group as compared with the placebo group (p<0.001, p<0.001, 

p<0.001, p<0.001 respectively) (Table 4-3).  
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Table 4-3. Peanut and peanut component (Ara h1, h2, h3, h8, h9) sIgG4 by treatment group 

PEANUT sIgG4 (mgA/L) Geometric mean (95% CI) of sIgG4 (mgA/L) 
Ratio of Geometric mean  

(95% CI)  
Unadjusted P-

value 
Adjusted P-

value* 

 
PPOIT Placebo 

   Study entry, T0 0.4 (0.3, 0.6) 0.3 (0.2, 0.5) 1.32 (0.70, 2.48) 0.384 0.309 

      End of treatment, T1 6.4 (3.1, 13.3) 0.3 (0.2, 0.5) 21.51 (9.04, 51.17) 0.000 0.000 

      3 months post-treatment, T3 4.6 (2.4, 8.8) 0.4 (0.2, 0.7) 10.94 (4.84, 24.75) 0.000 0.000 

      4 years post-treatment, T5 0.4 (0.1, 1.5) 0.2 (0.1, 0.5) 1.93 (0.39, 9.64) 0.409 0.756 

      

PEANUT sIgG4 (mgA/L) 
Median (IQR) of change from study entry in sIgG4 

(mgA/L) 

T1 5.1 (1.1, 39.0) -0.0 (-0.1, 0.0) 

T3 3.2 (1.0, 28.5) 0.0 (-0.1, 0.4) 

T5 0.3 (-0.1, 1.4) -0.1 (-0.3, 0.0) 

Generalised estimating equation Coefficient (95% CI) P-value 

Study entry to 4 years post-
treatment 0.9 (0.7, 1.2) <0.001 

*Adjusted for age and sex; The Wilcoxon rank sum (Mann-Whitney) test was applied for data expressed as medians (IQRs), The t test on 

the log scale was applied for data presented as geometric means 
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Ara h1 sIgG4 (mgA/L) Geometric mean (95% CI) of sIgG4 (mgA/L) 
Ratio of Geometric mean  

(95% CI)  
Unadjusted P-

value 
Adjusted P-

value* 

 
PPOIT Placebo 

   Study entry, T0 0.0 (0.0, 0.1) 0.1 (0.0, 0.1) 0.78 (0.41, 1.46) 0.423 0.599 

      End of treatment, T1 0.2 (0.1, 0.6) 0.1 (0.0, 0.1) 3.77 (1.22, 11.59) 0.022 0.011 

      3 months post-treatment, T3 0.1 (0.1, 0.4) 0.1 (0.0, 0.1) 2.15 (0.75, 6.16) 0.149 0.116 

      4 years post-treatment, T5 0.0 (0.0, 0.1) 0.0 (0.0, 0.1) 0.68 (0.18, 2.52) 0.549 0.305 

      

Ara h1 sIgG4 (mgA/L) 
Median (IQR) of change from study entry in sIgG4 

(mgA/L) 

T1 0.1 (0.0, 0.9) -0.0 (-0.0, 0.0) 

T3 0.0 (0.0, 0.5) 0.0 (-0.0, 0.0) 

T5 -0.0 (-0.0, 0.0) -0.0 (-0.0, 0.0) 

Generalised estimating equation Coefficient (95% CI) P-value 

Study entry to 4 years post-
treatment 0.6 (0.3, 0.9) <0.001 

*Adjusted for age and sex; The Wilcoxon rank sum (Mann-Whitney) test was applied for data expressed as medians (IQRs), The t test on 

the log scale was applied for data presented as geometric means 
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Ara h2 sIgG4 (mgA/L) Geometric mean (95% CI) of sIgG4 (mgA/L) 
Ratio of Geometric mean  

(95% CI)  
Unadjusted P-

value 
Adjusted P-

value* 

 
PPOIT Placebo 

   Study entry, T0 0.1 (0.1, 0.2) 0.1 (0.1, 0.2) 0.87 (0.55, 1.37) 0.541 0.617 

      End of treatment, T1 2.8 (1.0, 7.8) 0.2 (0.1, 0.2) 17.97 (6.09, 53.03) 0.000 0.000 

      3 months post-treatment, T3 1.7 (0.6, 4.5) 0.2 (0.1, 0.4) 7.51 (2.67, 21.11) 0.000 0.000 

      4 years post-treatment, T5 0.2 (0.1, 0.6) 0.1 (0.0, 0.1) 3.96 (1.11, 14.04) 0.034 0.036 

      

Ara h2 sIgG4 (mgA/L) 
Median (IQR) of change from study entry in sIgG4 

(mgA/L) 

T1 2.6 (0.3, 22.1) -0.0 (-0.1, 0.0) 

T3 1.3 (0.4, 13.6) 0.0 (-0.0, 0.1) 

T5 0.2 (-0.0, 0.4) -0.1 (-0.1, -0.1) 

Generalised estimating equation Coefficient (95% CI) P-value 

Study entry to 4 years post-
treatment 1.2 (0.9, 1.5) <0.001 

*Adjusted for age and sex; The Wilcoxon rank sum (Mann-Whitney) test was applied for data expressed as medians (IQRs), The t test on 

the log scale was applied for data presented as geometric means 
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Ara h3 sIgG4 (mgA/L) Geometric mean (95% CI) of sIgG4 (mgA/L) 
Ratio of Geometric mean  

(95% CI)  
Unadjusted P-

value 
Adjusted P-

value* 

 
PPOIT Placebo 

   Study entry, T0 0.1 (0.0, 0.1) 0.1 (0.0, 0.1) 0.98 (0.49, 1.96) 0.952 0.772 

      End of treatment, T1 0.7 (0.3, 1.7) 0.1 (0.0, 0.1) 10.42 (3.89, 27.96) 0.000 0.000 

      3 months post-treatment, T3 0.5 (0.2, 1.2) 0.1 (0.1, 0.1) 6.21 (2.44, 15.84) 0.000 0.000 

      4 years post-treatment, T5 0.1 (0.1, 0.3) 0.1 (0.0, 0.2) 1.85 (0.66, 5.19) 0.234 0.526 

      

Ara h3 sIgG4 (mgA/L) 
Median (IQR) of change from study entry in sIgG4 

(mgA/L) 

T1 0.6 (0.1, 5.3) -0.0 (-0.0, 0.0) 

T3 0.6 (0.1, 3.2) 0.0 (-0.0, 0.0) 

T5 0.0 (-0.0, 0.1) 0.0 (0.0, 0.0) 

Generalised estimating equation Coefficient (95% CI) P-value 

Study entry to 4 years post-
treatment 0.9 (0.6, 1.2) <0.001 

*Adjusted for age and sex; The Wilcoxon rank sum (Mann-Whitney) test was applied for data expressed as medians (IQRs), The t test on 

the log scale was applied for data presented as geometric means 
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Ara h8 sIgG4 (mgA/L) Geometric mean (95% CI) of sIgG4 (mgA/L) 
Ratio of Geometric mean  

(95% CI)  
Unadjusted P-

value 
Adjusted P-

value* 

 
PPOIT Placebo 

   Study entry, T0 0.0 (0.0, 0.0) 0.0 (0.0, 0.1) 0.51 (0.19, 1.39) 0.177 0.202 

      End of treatment, T1 0.0 (0.0, 0.0) 0.0 (0.0, 0.1) 0.76 (0.29, 2.00) 0.564 0.402 

      3 months post-treatment, T3 0.0 (0.0, 0.0) 0.0 (0.0, 0.1) 0.68 (0.27, 1.74) 0.409 0.466 

      4 years post-treatment, T5 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.49 (0.21, 1.14) 0.095 0.176 

      

Ara h8 sIgG4 (mgA/L) 
Median (IQR) of change from study entry in sIgG4 

(mgA/L) 

T1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 

T3 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 

T5 0.0 (0.0, 0.0) 0.0 (-0.0, 0.0) 

Generalised estimating equation Coefficient (95% CI) P-value 

Study entry to 4 years post-
treatment 0.1 (-0.2, 0.3) 0.531 

*Adjusted for age and sex; The Wilcoxon rank sum (Mann-Whitney) test was applied for data expressed as medians (IQRs), The t test on 

the log scale was applied for data presented as geometric means 
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Ara h9 sIgG4 (mgA/L) Geometric mean (95% CI) of sIgG4 (mgA/L) 
Ratio of Geometric mean  

(95% CI)  
Unadjusted P-

value 
Adjusted P-

value* 

 
PPOIT Placebo 

   Study entry, T0 0.1 (0.0, 0.1) 0.1 (0.0, 0.1) 1.08 (0.40, 2.89) 0.872 0.787 

      End of treatment, T1 0.1 (0.0, 0.2) 0.1 (0.0, 0.1) 1.24 (0.44, 3.51) 0.674 0.563 

      3 months post-treatment, T3 0.1 (0.0, 0.2) 0.1 (0.0, 0.1) 1.61 (0.59, 4.41) 0.347 0.298 

      4 years post-treatment, T5 0.0, (0.0, 0.1) 0.0 (0.0, 0.0) 1.79 (0.40, 7.93) 0.429 0.731 

      

Ara h9 sIgG4 (mgA/L) 
Median (IQR) of change from study entry in sIgG4 

(mgA/L) 

T1 0.0 (0.0, 0.1) 0.0 (-0.0, 0.0) 

T3 0.0 (0.0, 0.0) 0.0 (-0.0, 0.0) 

T5 -0.0 (-0.0, 0.0) -0.0 (-0.0, 0.0) 

Generalised estimating equation Coefficient (95% CI) P-value 

Study entry to 4 years post-
treatment 0.1 (-0.1, 0.3) 0.183 

 

*Adjusted for age and sex; The Wilcoxon rank sum (Mann-Whitney) test was applied for data expressed as medians (IQRs), The t test on 

the log scale was applied for data presented as geometric means
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4.5.4. Effects of PPOIT on peanut SPT wheal size 

Participants in the PPOIT group had significantly lower peanut SPT wheal size at end-of-

treatment (T1; adjust p<0.001), 3 months post-treatment (T3; adjusted p<0.001) and 4 

years post-treatment (T5; adjusted p=0.039) compared with those in the placebo group. 

Repeated measures analysis using generalised estimating equation from study entry to 

4 years post-treatment showed a significant downward trajectory in peanut SPT in the 

PPOIT group as compared to the placebo group (p<0.001) (Table 4-4). 
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Table 4-4. Peanut skin prick test (SPT) wheal size by treatment group 

Peanut SPT wheal size Mean (SD) of Peanut SPT (mm), n 
Mean difference (95% 

CI) 
Unadjusted P-

value 
Adjusted P-

value* 

 
PPOIT Placebo 

   Study entry, T0 17.3 (6.2), 31 17.6 (6.7), 31 -0.27 (-3.57, 3.02) 0.868 0.919 

      End of treatment, T1 4.6 (4.1), 29 14.2 (5.6), 27 -9.61 (-12.23, -7.00) 0.000 0.000 

      3 months post-treatment, T3 4.1 (4.5), 28 14.4 (6.0), 28 -10.29 (-13.12, -7.46) 0.000 0.000 

      4 years post-treatment, T5 8.1 (7.7), 18 13.3 (7.6), 18 -5.17 (-10.34, 0.01) 0.050 0.039 

Peanut SPT wheal size 
Median (IQR) of change from study entry in Peanut SPT 

(mm) 

T1 -13.0 (-18.5, -8.0) -3.0 (-6.5, 3.5) 

T3 -13.0 (-18.0, -9.0) -3.5 (-6.3, 0.5) 

T5 -9.5 (-14.5, -1.0) -3.3 (-10.0, 1.0) 

   Generalised estimating equation Coefficient (95% CI) P-value 

Study entry to 4 years post-
treatment -8.8 (-11.0, -6.7) <0.001 

*Adjusted for age and sex; The t test was applied for data presented as arithmetic means
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4.5.5. Effects of PPOIT on salivary peanut specific-IgA (sIgA) 

levels during and post PPOIT treatment 

Levels of salivary peanut sIgA increased early in the course of PPOIT treatment. 

These were observed to be significantly higher in the PPOIT group as compared 

with the placebo group as early as week 17 of treatment [geometric mean (95%CI) 

PPOIT 43.3 (30.2, 62.0) v.s. Placebo 21.2 (14.8, 30.3); adjusted p=0.014]. This 

increase in peanut sIgA was sustained at end-of-treatment (T1; adjusted p=0.016). 

However, sIgA levels declined post-treatment and by 12 months post-treatment 

(T4), there was no between group difference (adjusted p=0.345) (Table 4-5).  
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Table 4-5. Salivary peanut specific-IgA (sIgA) by treatment group 

Salivary peanut sIgA 
Geometric mean (95% CI) of sIgA (EU/mL), 

n 
Ratio of Geometric mean  (95% 

CI)  
Unadjusted P-

value 
Adjusted P-

value* 

 
PPOIT Placebo 

   
Study entry, T0 

24.7 (17.1, 35.6), 
30 27.4 (19.0, 39.6), 26 0.90 (0.54, 1.50) 0.683 0.756 

      
17 wks treatment 

43.3 (30.2, 62.0), 
28 21.2 (14.8, 30.3), 29 2.04 (1.24, 3.35) 0.006 0.014 

      
33 wks treatment 

38.5 (24.6, 60.3), 
29 19.3 (13.6, 27.4), 27 1.99 (1.14, 3.50) 0.017 0.020 

      
49 wks treatment 

57.1 (34.4, 94.9), 
29 22.3 (15.3, 32.3), 26 2.56 (1.37, 4.81) 0.004 0.003 

      
End of treatment, T1 

59.1 (35.2, 99.1), 
25 25.3 (15.2, 42.1), 24 2.34 (1.15, 4.73) 0.020 0.016 

      
3 mths post-treatment, T3 

38.9 (26.4, 57.3), 
21 23.7 (17.4, 32.1), 27 1.64 (1.02, 2.64) 0.040 0.105 

      12 mths post-treatment, 
T4 

39.9 (19.9, 79.8), 
13 51.9 (38.9, 69.3), 22 0.77 (0.41, 1.42) 0.389 0.345 

*Adjusted for age and sex  
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4.5.6. Peanut and peanut component sIgG4 levels in PPOIT-

treated participants with SU who were still ingesting 

peanut at 4 years post-treatment compared with those 

who were no longer ingesting  

Given that peanut sIgG4 levels were only increased during the PPOIT treatment 

phase and returned to pre-treatment or study entry levels once PPOIT treatment 

was stopped, it was then hypothesised that the increase in peanut and peanut 

component sIgG4 levels reflects peanut ingestion (allergen exposure) per se rather 

than reflecting fundamental redirection of immune responses towards tolerance. 

To investigate this, the doctoral candidate performed post-hoc subgroup analyses 

examining the relationship between peanut ingestion and sIgG4 levels in PPOIT-

treated participants who attained 2-6 week SU at end-of-treatment and were 

permitted to ingest peanut ad-libitum. As discussed the previous chapter, 80% of 

PPOIT-treated participants who attained 2-6 week SU and participated in the 4 

year follow-up study at T5, were still ingesting peanut.  

Amongst participants in the PPOIT group who initially achieved 2-6 week SU 

(initial treatment responders), peanut sIgG4 levels at 4 years post-treatment were 

significantly higher in participants who were ingesting peanut at T5 compared 

with those not-ingesting peanut (age- and sex- adjusted p=0.026). Furthermore, 

peanut sIgG4 levels were also higher in the participants who were ingesting 

moderate or large amounts (≥2 g) compared with those ingesting none or only a 

small amount (age- and sex- adjusted=0.015). sIgG4 levels were not associated 

with ingestion frequency, although the small sample size does not allow confident 

exclusion of an effect (Table 4-6).  
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Table 4-6. Peanut sIgG4 levels in PPOIT-treated participants who were or were not ingesting peanut at 4 years post-
treatment 

  Geometric mean (95% CI) of sIgG4 (mgA/L), n Ratio of Geometric mean  (95% CI)  Unadjusted P-value Adjusted P-value* 

  Ingesting v.s. Not ingesting 

  Ingesting Not ingesting 
  

  

Peanut 1.480 (0.346, 6.325), 8 0.244 (0.008, 7.572), 4 6.08 (0.47, 78.40) 0.147 0.026 

  
    

  

Ara h1 0.023 (0.004, 0.130), 9 0.012 (0.000, 0.531), 3 1.87 (0.08, 45.47) 0.672 0.647 

  
    

  

Ara h2 0.398 (0.084, 1.887), 9 0.196 (0.018, 2.142), 3 2.03 (0.13, 32.18) 0.582 0.754 

  
    

  

Ara h3 0.148 (0.052, 0.426), 9 0.195 (0.012, 3.054), 4 0.76 (0.11, 5.38) 0.765 0.949 

  Ingesting once a week or more v.s. Ingesting less than once a week 

  Once a week or more Less than once a week 
  

  

Peanut 1.814 (0.586, 5.611), 5 0.456 (0.049, 4.252), 7 3.98 (0.31, 51.01) 0.256 0.215 

  
    

  

Ara h1 0.018 (0.002, 0.135), 6 0.020 (0.002, 0.253), 6 0.89 (0.05, 14.46) 0.926 0.490 

  
    

  

Ara h2 0.325 (0.031, 3.354), 6 0.343 (0.072, 1.625), 6 0.95 (0.08, 10.79) 0.961 0.788 

  
    

  

Ara h3 0.144 (0.055, 0.374), 6 0.178 (0.033, 0.961), 7 0.81 (0.13, 4.94) 0.799 0.649 

  Ingesting moderate to large amount v.s. Ingesting none or small amount 

  Moderate to large amount None or small amount 
  

  

Peanut 2.992 (0.950, 9.429), 6 0.220 (0.031, 1.554), 6 13.62 (1.91, 97.26) 0.014 0.015 

  
    

  

Ara h1 0.025 (0.002, 0.260), 7 0.013 (0.002, 0.073), 5 1.85 (0.11, 30.38) 0.634 0.803 
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Ara h2 0.498 (0.062, 4.006), 7 0.190 (0.070, 0.515), 5 2.62 (0.24, 28.06) 0.388 0.437 

  
    

  

Ara h3 0.231 (0.077, 0.693), 7 0.106 (0.019, 0.608), 6 2.17 (0.38, 12.41) 0.349 0.459 

*Age- and sex- adjusted regression (of log-transformed values). The smaller sample sizes are due to a combination of factors 

including smaller number of participants providing samples for measurement at this timepoint and post-log-transformation 

exclusion of sIgG4 levels ≤ zero in the analytical model. 
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4.5.7. Peanut and peanut component sIgE levels in PPOIT-

treated participants with SU who were still ingesting 

peanut at 4 years post-treatment compared with those 

who were no longer ingesting 

In contrast to the findings for sIgG4, there was no difference in peanut and Ara h1, 

h2, h3 sIgE between initial treatment responders who were ingesting and not 

ingesting peanut at T5. Peanut and peanut component sIgE levels were also similar 

in PPOIT-treated participants with SU who were or were not ingesting peanut and 

those who were ingesting larger versus smaller amounts of peanut. This suggests 

there is no relationship between peanut ingestion amount or frequency and peanut 

and peanut component sIgE levels, although again the small numbers sample size 

does not allow confident exclusion of an effect (Table 4-7). 
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Table 4-7. Peanut sIgE levels in PPOIT-treated participants who were or were not ingesting peanut at 4 years post-
treatment 

  Geometric mean (95% CI) of sIgE (kUA/L), n Ratio of Geometric mean  (95% CI)  Unadjusted P-value Adjusted P-value* 

  Ingesting v.s. Not ingesting 

  Ingesting Not ingesting 
  

  

Peanut 1.221 (0.260, 5.730), 10 3.349 (0.516, 21.728), 4 0.36 (0.03, 4.57) 0.402 0.344 

  
    

  

Ara h1 0.197 (0.018, 2.208), 8 0.208 (0.019, 2.237), 4 0.95 (0.03, 30.88) 0.975 0.999 

  
    

  

Ara h2 0.198 (0.033, 1.197), 9 1.927 (0.140, 26.536), 4 0.10 (0.01, 1.82) 0.109 0.153 

  
    

  

Ara h3 0.154 (0.035, 0.669), 9 0.095 (0.006, 1.581), 4 1.62 (0.14, 19.27) 0.677 0.533 

  Ingesting once a week or more v.s. Ingesting less than once a week 

  Once a week or more Less than once a week 
  

  

Peanut 1.283 (0.203, 8.100), 7 2.068 (0.319, 13.392), 7 0.62 (0.06, 6.42) 0.664 0.182 

  
    

  

Ara h1 0.090 (0.006, 1.437), 6 0.450 (0.049, 4.131), 6 0.20 (0.01, 4.33) 0.270 0.236 

  
    

  

Ara h2 0.153 (0.017, 1.366), 6 0.911 (.0100, 8.254), 7 0.17 (0.01, 2.65) 0.182 0.079 

  
    

  

Ara h3 0.120 (0.025, 0.584), 6 0.145 (0.020, 1.060), 7 0.83 (0.08, 8.30) 0.858 0.444 

  Ingesting moderate to large amount v.s. Ingesting none or small amount 

  Moderate to large amount None or small amount 
  

  

Peanut 1.257 (0.162, 9.719), 8 2.302 (0.734, 7.218), 6 0.55 (0.05, 5.72) 0.585 0.462 

  
    

  

Ara h1 0.308 (0.012, 8.012), 6 0.131 (0.022, 0.791), 6 2.35 (0.09, 59.26) 0.567 0.705 
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Ara h2 0.197 (0.018, 2.200), 7 0.909 (0.125, 6.611), 6 0.22 (0.01, 3.67) 0.260 0.225 

  
    

  

Ara h3 0.197 (0.029, 1.358), 7 0.084 (0.018, 0.390), 6 2.36 (0.25, 22.16) 0.418 0.438 

*Age- and sex- adjusted regression (of log-transformed values). The smaller sample sizes are due to a combination of factors 

including smaller number of participants providing samples for measurement at this timepoint and post-log-transformation 

exclusion of sIgE levels ≤ zero in the analytical model. 
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4.5.8. Peanut SPT wheal size in PPOIT-treated participants 

with SU who were still ingesting peanut at 4 years post-

treatment compared with those who were no longer 

ingesting 

In contrast to findings for peanut and peanut component sIgE, amongst initial 

treatment responders, peanut SPT wheal size at 4 years post-treatment was 

significantly lower in participants who were ingesting peanut at T5 compared with 

those not-ingesting peanut (age- and sex- adjusted p= p=0.003), in the participants 

who were ingesting moderate or large amounts (≥2 g) compared with those 

ingesting none or only a small amount (age- and sex- adjusted=0.031) and in the 

participants who were ingesting once a week or more compared with those 

ingesting less than once a week (age- and sex- adjusted=0.032) (Table 4-8).  
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Table 4-8. Peanut SPT wheal size in PPOIT-treated participants who were or 
were not ingesting peanut at 4 years post-treatment 

Peanut SPT wheal size in PPOIT-treated participants who were or were not 

ingesting peanut at 4 years post-treatment  

  Mean (SD) of Peanut SPT (mm), n 
Mean difference 

(95% CI) 
Unadjusted 

P-value 
Adjusted P-

value* 

  Ingesting v.s. Not ingesting 

  Ingesting Not ingesting 
  

  
Peanut 

SPT 2.7 (3.9), 10 15.9 (7.7), 4 
-13.23 (-19.77, -

6.68) 0.001 0.003 

  Ingesting once a week or more v.s. Ingesting less than once a week 

  
Once a week or 

more 
Less than once 

a week 
  

  
Peanut 

SPT 2.1 (4.2), 7 10.7 (8.6), 7 -8.6 (-16.5, -0.7) 0.036 0.031 

  Ingesting moderate to large amount v.s. Ingesting none or small amount 

  
Moderate to 
large amount 

None or small 
amount 

  
  

Peanut 
SPT 2.8 (4.4), 8 11.3 (9.2), 6 

-8.58 (-16.60, -
0.57) 0.038 0.032 

*Age- and sex- adjusted regression 

  



 

134 

 

4.5.9. Peanut and peanut component sIgE and sIgG4 levels, 

and peanut SPT wheal size in participants with long-

term sustained unresponsiveness (LTSU) at 4 years 

post-treatment and those without LTSU 

Next, the doctoral candidate examined whether peanut SPT, peanut and peanut 

component sIgE and sIgG4 levels were different in PPOIT-treated participants who 

attained LTSU and those who did not in order to gain insight into the possible role 

of peanut specific cutaneous mast cell reactivity (peanut SPT wheal size), peanut 

sIgE and peanut sIgG4 in mediating these clinical outcomes. As discussed in 

Chapter 3, DBPCFC after 8-weeks peanut elimination were performed in 12 PPOIT-

treated participants at 4 years post-treatment (T5) with 7 of 12 (58%) maintaining 

LTSU.  

LTSU was associated with significantly lower levels of peanut, Ara h1, h2, h3 sIgE 

and peanut SPT wheal size compared with no LTSU at 4 years post-treatment (age, 

sex adjusted p=0.001, p=0.002, p<0.001, p=0.029, p<0.001) (Table 4-9and Table 

4-10). Significance of these associations was maintained after adjusting for post-

treatment peanut ingestion (age, sex, peanut ingestion adjusted p=0.003, p=0.004, 

p=0.001, p=0.023, p=0.001), suggesting an independent relationship between 

reduced peanut and peanut component sIgE responses and LTSU in PPOIT treated 

participants. 

Surprisingly, LTSU was also associated with significantly lower levels of peanut 

and peanut component sIgG4 [age, sex adjusted p=0.011 (Ara h1); age, sex, peanut 

ingestion adjusted p=0.032 (peanut), p=0.002 (Ara h1), p=0.018 (Ara h3)] (Table 

4-11).  

Taken together, these observations suggest that acquisition of LTSU at 4 years 

post-treatment is associated with concurrent reduction of both sIgE and sIgG4 

levels suggesting long-term downregulation of allergen specific B cell responses. 
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Table 4-9. Association between long-term sustained unresponsiveness (LTSU) at 4 years post-treatment and peanut and 
peanut component sIgE levels 

PPOIT-treated 
only 

Geometric mean (95% CI) of sIgE 
(kUA/L), n           

At 4 year follow-
up SU No SU 

Ratio of Geometric 
mean  (95% CI)  Co-efficient* P-value* Co-efficient** P-value** 

  
      

  

Peanut 0.6 (0.1, 3.3), 7 12.8 (1.7, 98.3), 5 0.05 (0.01, 0.47) -0.564 0.001 -0.525 0.003 

  
      

  

Ara h1 0.0 (0.0, 0.2), 6 4.1 (0.2, 75.2), 5 0.01 (0.00, 0.12) -0.342 0.002 -0.319 0.004 

  
      

  

Ara h2 0.1 (0.0, 0.3), 7 4.9 (1.0, 23.6), 5 0.02 (0.00, 0.10) -0.431 0.000 -0.422 0.001 

  
      

  

Ara h3 0.1 (0.0, 0.1), 7 0.7 (0.0, 20.3), 5 0.08 (0.01, 0.98) -0.419 0.029 -0.399 0.023 

*Age-, sex- adjusted regression (of log-transformed values); **Age-, sex-, ingestion- adjusted regression (of log-transformed values) 
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Table 4-10. Association between long-term sustained unresponsiveness (LTSU) at 4 years post-treatment and peanut SPT 
wheal size 

PPOIT-treated only Mean (SD) of Peanut SPT (mm), n           

At 4 year follow-up SU No SU Mean difference (95% CI) Co-efficient* P-value* Co-efficient* P-value** 

  
      

  

Peanut SPT (mm) 1.6 (1.8), 7 13.6 (4.7), 5 -12.0 (-16.3, -7.6) -0.064 0.000 -0.084 0.001 

*Age-, sex- adjusted regression; **Age-, sex-, ingestion- adjusted regression (of log-transformed values) 
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Table 4-11. Association between long-term sustained unresponsiveness (LTSU) at 4 years post-treatment and peanut and 
peanut component sIgG4 levels 

PPOIT-treated 
only Geometric mean (95% CI) of sIgG4 (mgA/L), n           
At 4 year 
follow-up SU No SU 

Ratio of Geometric 
mean  (95% CI)  Co-efficient* P-value* Co-efficient* P-value** 

  
      

  

Peanut 0.3 (0.0, 2.6), 6 2.1 (0.1, 43.3), 4 0.14 (0.01, 2.88) -0.176 0.467 -0.615 0.032 

  
      

  

Ara h1 0.0 (0.0, 0.0), 7 0.1 (0.0, 2.2), 5 0.06 (0.01, 0.47) -0.465 0.011 -0.474 0.002 

  
      

  

Ara h2 0.2 (0.0, 1.4), 6 0.7 (0.1, 5.8), 5 0.26 (0.02, 3.18) -0.272 0.248 -0.290 0.084 

  
      

  

Ara h3 0.1 (0.0, 0.2), 7 0.3 (0.0, 1.6), 5 0.27 (0.06, 1.17) -0.468 0.199 -0.755 0.018 

*Age-, sex- adjusted regression (of log-transformed values); **Age-, sex-, ingestion- adjusted regression (of log-transformed values) 
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The majority of LTSU PPOIT participants had a negative (<3mm) peanut SPT wheal 

size (86%, 6/7). Furthermore, the majority of LTSU PPOIT particiapnts (86-100%) 

also had negative (<0.35 kU/L) peanut and peanut component sIgE levels. In 

particular, all but one PPOIT participant with LTSU had a negative Ara h2 sIgE, 

which is considered to be the most specific sIgE marker for presence of peanut 

allergy. Interestingly, levels of peanut sIgE in PPOIT LTSU participants were 

uniformly low (median 0.87 kU/L, range 0.05, 4.79), however only 2 of 7 LTSU 

participants had a negative peanut sIgE, consistent with current understanding 

that peanut sIgE levels below 15 kU/L have poor specificity for clinical peanut 

allergy) (Table 4-12 and Table 4-13). 

The only LTSU PPOIT participant who had a positive peanut SPT (idno 207, peanut 

SPT wheal size 5mm) had low levels of sIgE to whole peanut (0.7 kU/L) and peanut 

components (Ara h1 0.03 kU/L, Ara h2 0.21 kU/L, Ara h3 0.04 kU/L). Similarly, the 

only LTSU PPOIT participant who had a positive Ara h2 sIgE result (idno 204, Ara 

h2 0.68 kU/L) had negative peanut SPT result (2mm), low level whole peanut sIgE 

(0.87 kU/L) and negative Ara h1 and Ara h3 sIgE (0.27 kU/L and 0.14 kU/L 

respectively). 
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Table 4-12. Association between sIgE at T5 and long-term SU (LTSU) 

All available, exclude Azathioprine*  Median (actual range) of sIgE (kUA/L), n 

At 4 year follow-up SU (n=7)* No SU (n=19) 

Peanut 0.87 (0.05, 4.79), 7 24.65 (0.92, 100.01), 18 

<0.35, n (%) 2/7 (29) 0/18 (0) 

<0.05, n(%) 0/7 (0) 0/18 (0) 

Ara h1 0.03 (0, 0.27), 7 13.15 (0, 190), 16 

<0.35, n (%) 7/7 (100) 4/16 (25) 

<0.05, n(%) 4/7 (57) 2/16 (13) 

Ara h2 0.1 (0.01, 0.68), 7 12.075 (0.79, 433), 16 

<0.35, n (%) 6/7 (86) 0/16 (0) 

<0.05, n(%) 2/7 (29) 0/16 (0) 

Ara h3 0.04 (0.02, 0.18), 7 2.4 (0.01, 67.5), 16 

<0.35, n (%) 7/7 (100) 5/16 (31) 

<0.05, n(%) 4/7 (57) 2/16 (13) 

*Excluding participant who was on Azathioprine at the time of DBPCFC 
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Table 4-13. Association between SPT at T5 and long-term SU (LTSU) 

All available, exclude Azathioprine*  Median (actual range) of Peanut SPT (mm), n 

At 4 year follow-up SU (n=7)* No SU (n=19) 

Peanut SPT (mm) 2 (0, 5), 7 13 (2.5, 22.5), 19 

< 3mm, n(%) 6/7 (86) 1/19 (5) 

*Excluding participant who was on Azathioprine at the time of DBPCFC 
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4.5.10. Peanut sIgE and sIgG4 levels and SPT wheal size 

at end of treatment (T1) in PPOIT participants with 

initial SU (at end of treatment) who did or did not have 

LTSU at 4 years post-treatment (T5) 

Next, the doctoral candidate investigated immune measures at end of treatment in 

subjects who did or did not achieve LTSU at 4 years post-treatment to explore 

whether end-of-treatment measures could provide an indication of LTSU status.  

Focusing on the 7 subjects who attained SU immediately post-treatment and 

maintained LTSU (idno 103, 204, 207, 212, 214, 301, 303), results at end of 

treatment (T1) showed: negative peanut sIgE in 3, negative Ara h1 sIgE in 6, 

negative Ara h2 sIgE in 4 and negative Ara h3 sIgE in all subjects. 4 of 7 had 

negative peanut skin prick test (wheal size <3mm) at end of treatment. The highest 

peanut SPT was 11mm in an individual who had peanut, Ara h1, h2, h3 sIgE levels 

all <0.35kU/L. 

In contrast, all three subjects who attained SU immediately post-treatment but lost 

SU by 4 years post-treatment (no LTSU) (idno 228, 406, 416), had high peanut and 

peanut component sIgEs at end of PPOIT treatment (T1) (peanut >35 kU/L; Ara h1 

range 1.41 to 40.8 kU/L; Ara h2 14.5 to 27.2 kU/L; Ara h3 range 0.06 to 22.8 kU/L) 

despite having low peanut SPT wheal size (range 0 to 7mm), indicating 

suppression of peanut specific mast cell reactivity in association with OIT 

treatment but absence of modulation of the underlying peanut specific IgE immune 

response. 

Full details of peanut SPT and peanut and peanut component sIgE of PPOIT-treated 

participants who attained 2-6 week SU early post-treatment and either maintained 

or did not maintain LTSU at 4 years post-treatment are presented in the 

Supplementary material section of this chapter.  
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4.6. Discussion 

This is the first study to evaluate the long-term immunologic effects of a combined 

probiotic and peanut oral immunotherapy (PPOIT) and their relationship to 

persistence of SU years after treatment cessation. Peanut and peanut component 

sIgG4 and salivary peanut sIgA increased with PPOIT treatment but rapidly 

returned to study entry levels on treatment cessation. In contrast, PPOIT treatment 

induced reduction in peanut and peanut component sIgE levels continued beyond 

the active treatment phase and reduced further over time such that by 4 years 

post-treatment, levels were significantly lower than for participants in the placebo 

group, a finding that has not been reported in other peanut OIT trials to date. 

These findings support the previously described short-term effects of OIT on 

peanut and peanut component sIgG4 and sIgA levels and peanut SPT. Studies have 

reported an early rise in sIgG4 within a few months of treatment, sustained 

elevated sIgG4 during treatment [18 20 101 102 105] and a decline in sIgG4 

measured shortly after stopping treatment[18 19 106], and reduced peanut SPT 

within a year post-treatment[40 95]. Similarly, previous studies have shown that 

salivary antigen specific-IgA, a marker of mucosal response to antigen exposure[56 

107], increases within weeks of commencing OIT but declines towards pre-

treatment levels rapidly following treatment cessation. In a recent peanut OIT 

study, levels of circulating peanut and major peanut component allergen sIgE 

reduced in response to OIT[63]. A number of studies[40 95] previously 

demonstrated reduced peanut SPT wheal size in the immediate post-treatment 

period. These observations suggest that induction of antigen sIgA and sIgG4 and 

suppression of antigen-specific SPT wheal size (as a marker of cutaneous antigen 

specific mast cell reactivity) may mediate desensitisation but whether these 

factors are involved in acquisition of long-term tolerance remains unknown. 

In this study, the doctoral candidate evaluated long term immunologic effects of 

PPOIT at 4 years post-treatment with participants who attained SU post-treatment 

having ad libitum peanut ingestion. It was demonstrated that peanut and peanut 

component sIgG4 levels are directly correlated with peanut ingestion post-
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treatment, indicating that the increased levels of sIgG4 observed during allergen 

immunotherapy may simply reflect allergen exposure per se rather than any 

requisite role in the maintenance of long-term SU. This is consistent with 

documented increases in allergen-specific IgG4 amongst subjects with 

desensitisation who did not achieve SU. Adjusting for the confounding effects of 

ad-libitum peanut ingestion on sIgG4, it was shown that subjects with long-term 

SU had significantly lower peanut and peanut component sIgG4 levels at 4 years 

post-treatment than those who did not have long-term SU. Similarly, the ability to 

maintain long-term SU was associated with suppressed peanut and peanut 

component sIgE response and peanut specific cutaneous mast cell reactivity at 4 

years post-treatment.   

These novel findings suggest that long-term redirection of allergic responses 

towards tolerance is supported by uniform downregulation of both sIgE and sIgG4 

B cell responses. Suppressed cutaneous mast cell reactivity to a food allergen, as 

measured by SPT wheal size, accompanies the clinical response of desensitisation 

during and shortly after cessation of immunotherapy treatment but its role in 

tolerance induction remains unclear. Syed et al found that whilst peanut OIT was 

associated with reduction in peanut SPT wheal size, there was no difference 

between those who achieved immune tolerance and those who did not[40]. An 

interesting observation was made here that the only long-term SU participant who 

had a positive peanut SPT at 4 years post-treatment reported no peanut ingestion 

in the post-treatment phase and yet had maintained long-term SU and had 

suppressed peanut component sIgE response. The doctoral candidate speculates 

that the suppression of antigen specific cutaneous mast cell reactivity may in part 

be conferred by ongoing exposure to the food allergen as a bystander effect and 

might not facilitate nor be critically necessary for maintenance of gastrointestinal 

tolerance. 

Early induction of IgG4 antibodies is one of the most consistent observations of 

immunotherapy. Although there is some data from OIT studies to suggest that IgG4 

induction may confer reduction of allergic symptoms[108] and transient 
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protection through either its function as a blocking antibody by preventing the 

cross-linking of receptor bound IgE or co-stimulation of inhibitory receptor 

FcgRIIb which negatively regulates FceRI signaling[58 77], there has been no 

consistent correlation between sIgG4 levels and sustained clinical response to 

immunotherapy[76 77 109] and there is currently no evidence of sIgG4 induction 

being the mechanism driving treatment-induced SU or tolerance acquisition.  

Similar observations can be made in other immunotherapy models. Although 

insect venom immunotherapy transiently induces sIgG4[110 111], it is the long-

term decline in sIgE that correlates with lower disease severity[112]. Venom 

tolerant bee keepers have low venom sIgE, similar to healthy controls and in 

contrast to allergic bee keepers. The elevated levels of sIgG4 reported amongst 

tolerant bee keepers most likely reflect continuing allergen exposure (afforded by 

ongoing insect stings) given that marked elevations occur during exposure months. 

Indeed, bee venom sIgG4 is undetectable in non-exposed healthy controls and low 

although not absent in allergic bee keepers presumed to be avoiding stings[113]. 

The somewhat paradoxical observation that allergic individuals have low levels of 

sIgG4 supports the argument that sIgG4 does not facilitate tolerance[114] but 

merely reflects antigen exposure[115].  

Data from pollen immunotherapy would further support the paradigm that 

increased sIgG4 reflects allergen exposure and may not play a role in tolerance 

induction. In pollen immunotherapy, sIgG4 rises during treatment but decreases to 

pre-treatment levels after discontinuation[116]. There is no association between 

long-term clinical response and immunoreactive sIgG4 levels[109]. In contrast, 

long-term SCIT resulted in reduction in sIgE concentration[117 118], a 

phenomenon that is proposed to support environmental allergen tolerance 

acquisition[76]. 

The observed downregulation of both sIgE and sIgG4 levels in participants with 

long-term SU suggests downregulation of peanut specific B cell responses. 

Potentiation of memory B cells has been found to be critical in maintaining allergy 

in a murine model[119]. Signals that drive B cell class switch recombination to IgE, 
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namely the production of Th2 cytokines IL-4, IL-13 along with ligation of 

CD40[120]and activation of downstream signals including c-Rel[121], STAT6 and 

NF-kappa B[122 123], are the same signals that drive class switch recombination 

to IgG4[124 125]. These unified IL-4 induced signalling pathways are consistent 

with a synergistic relationship between IgG4 and IgE[126]. Evidence of sequential 

class switch of naïve B cells to IgE producing B cells through IgG(1) B cells[127 

128] and replenishment of IgE+ plasma cell compartment through allergen-specific 

long-lived memory B cells after antigen re-exposure and enhanced IL4 production 

by CD4 T cells[119], further support IgG and IgE relationship. On the other hand, 

memory B cells with IgEhi phenotype may predispose to OIT non-responsiveness 

through high affinity antibody production and diverse repertoires of memory B 

and plasma cell reseverves[129 130]. Therefore, successful abrogation of both sIgE 

and sIgG responses through suppression of the overall allergen-specific memory B 

cell response is expected to accompany resolution of allergy or acquisition of 

tolerance as demonstrated in this chapter. These cumulative findings suggest that 

the allergen-specific B cell response might be a critical determinant of not only 

long-term SU but also tolerance acquisition, and support the proposal that deletion 

of allergen specific memory B cells may be an effective strategy for curing allergic 

disease[131]. 

This study has a number of strengths.  

Firstly, the study had access to the PPOIT randomised trial cohort which showed a 

high rate of SU in PPOIT-treated participants, with SU determined by stringent 

criteria of DBPCFC performed after a period of peanut elimination. Longitudinal 

bio-specimens were collected at multiple timepoints and correlated to clinical 

outcomes. The PPOIT RCT is one of the largest peanut OIT RCT conducted to date 

and is the first to report clinical outcomes to 4 years post-treatment. Participant 

retention rate was high with 90.3% (56/62) remaining in the trial at end-of-

treatment and 77.4% (48/62 intention to treat) participating in the 4 year long-

term follow-up. Availability of DBPCFC-confirmed 8-week SU clinical outcome at 4 
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years post-treatment uniquely allowed us to investigate the relationship between 

long-term tolerance and immune response.  

The doctoral candidate acknowledges the limitations in association with the study 

design of the parent trial as discussed previously[95]. Briefly, the absence of an 

OIT alone arm does not allow the study to delineate the individual contributions of 

OIT and probiotic to the observed clinical and immune responses, hence it is 

difficult to definitively attribute specific immune or clinical effects to the probiotic. 

Nevertheless, the current findings remain entirely relevant to the acquisition of 

long-term SU. The absence of a probiotic only intervention is also noted, however, 

PPOIT failed to modify SPT wheal size for other food allergens, making it unlikely 

that probiotic alone produced the observed immunologic effects. A multi-centre 

DBPCRCT (ACTRN12616000322437) comparing allergen OIT alone, combined 

probiotic/allergen OIT and placebo are underway to clarify the specific 

contribution of probiotic to OIT in modulating the adaptive immune response to 

food allergens.  

In this present study immunoreactive sIgG4 was measured but not its function 

which might correlate with clinical response. There is some evidence from an 

environmental allergen immunotherapy model that although post-treatment levels 

of sIgG4 decline, their inhibitory activities are enhanced[116]. This study has not 

evaluated the effect of OIT on other subclasses of IgG (namely IgG1, IgG2, IgG3), 

although it is widely accepted that sIgG4 is the key IgG subclass involved in 

immediate onset food allergy[132-134] and sIgG4 response to OIT follows a 

similar trajectory as sIgG[18]. Nevertheless, these other IgG subclasses and 

associated memory B cells[127] might be functionally and phenotypically 

distinct[126] and may also play a role in mediating clinical response to OIT.  

The doctoral candidate has not evaluated antigen specific IgE memory B cells given 

that ultrasensitive methods for tracking these cells have only been developed 

recently. It is important to develop deeper understanding of their response to OIT 

generally as this may provide important insight into mechanisms of tolerance 

induction.  
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Another limitation is that the candidate did not adjust for multiple comparisons 

because the candidate was investigating a number of different hypotheses. It is 

recognised that adjusting p-values can sometimes be inappropriate and can 

increases the likelihood of type 2 statistical errors[97 98]. Therefore the candidate 

has simply described the tests of significance performed and why to enable 

readers to reach reasonable conclusions without the help of adjustments. 

In summary, in this chapter the doctoral candidate demonstrated that long-lasting 

reduction in allergen-specific IgE plays an important role in acquisition of SU and 

persistence of long-term sustained unresponsiveness (LTSU) at 4 years post-

treatment. In contrast, increased sIgG4 is a transient phenomenon observed during 

the active OIT treatment period, with rapid reduction back to baseline following 

cessation of treamtent; furthermore, levels of allergen-specific IgG4 are not 

elevated in subjects with long-term SU.  These findings question the dogma linking 

upregulation of sIgG4 with OIT and tolerance acquisition. Although upregulation of 

antigen specific IgG4 through antigen exposure may confer transient protection 

against clinical reactivity (that is, desensitisation), induction of sIgG4 is not 

required for acquisition of long-term SU. In contrast, long-term SU was associated 

with uniform downregulation of IgE and IgG4 response suggesting that 

downregulation of antigen specific IgE and IgG4 producing B cells plays an 

important role in the acquisition of long-term tolerance.  
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4.7. Supplementary material 

Supplementary Table. Actual results of PPOIT early treatment responders who maintained LTSU and those who did not and their 

sIgE and SPT at T5 

Subjects with 8-week SU at Long-term F/U 

idno 8-week 
SU 

Outcome 
(at T9) 
("T5") 

Treatmen
t group 

Peanut 
ingestion 
frequency 

at long-
term F/U 

Peanut 
ingestion 
amount 
at long-

term F/U 

Peanut 
sIgE at T9 

("T5") 

Ara h1 
sIgE at T9 

("T5") 

Ara h2 
sIgE at T9 

("T5") 

Ara h3 
sIgE at T9 

("T5") 

Ara h8 
sIgE at T9 

("T5") 

Ara h9 
sIgE at T9 

("T5") 

Peanut 
SPT at T9 

("T5") 

103 Passed 
Active(PP

OIT) 

3 or more 
times a 
week 

Large 
amount 4.79 0.06 0.11 0.18 0.05 0.22 0 

204 Passed 
Active(PP

OIT) 
<once/we

ek 
Small 

amount 0.87 0.27 0.68 0.14 0.09 0.11 2 

207 Passed 
Active(PP

OIT) Nil 
Nil/Avoidi

ng 0.7 0.03 0.21 0.04 0.02 0.04 5 

212 Passed 
Active(PP

OIT) 
1-2 times 

a week 
Small 

amount 1.36 0.01 0.06 0.03 0.01 0.05 2.5 

214 Passed 
Active(PP

OIT) 
<once/we

ek 
Large 

amount 0.06 0 0.01 0.02 0 0.01 2 

301 Passed 
Active(PP

OIT) 
1-2 times 

a week 
Moderate 
amount 3.14 0.08 0.1 0.15 0.06 0.08 0 

303 Passed 
Active(PP

OIT) 

3 or more 
times a 
week 

Large 
amount 0.05 0.01 0.02 0.02 0 0.01 0 
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            Subjects with 8-week SU at Long-term F/U but on Azathioprine 

idno 8-week 
SU 

Outcome 
(at T9) 
("T5") 

Treatmen
t group 

Peanut 
ingestion 
frequency 

at long-
term F/U 

Peanut 
ingestion 
amount 
at long-

term F/U 

Peanut 
sIgE at T9 

("T5") 

Ara h1 
sIgE at T9 

("T5") 

Ara h2 
sIgE at T9 

("T5") 

Ara h3 
sIgE at T9 

("T5") 

Ara h8 
sIgE at T9 

("T5") 

Ara h9 
sIgE at T9 

("T5") 

Peanut 
SPT at T9 

("T5") 

226 Passed Placebo Nil 
Nil/Avoidi

ng 5.43 0.12 0.6 0.1 0.07 0.14 13 

            

            

            Subjects without 8-week SU at Long-term F/U  

idno 8-week 
SU 

Outcome 
(at T9) 
("T5") 

Treatmen
t group 

Peanut 
ingestion 
frequency 

at long-
term F/U 

Peanut 
ingestion 
amount 
at long-

term F/U 

Peanut 
sIgE at T9 

("T5") 

Ara h1 
sIgE at T9 

("T5") 

Ara h2 
sIgE at T9 

("T5") 

Ara h3 
sIgE at T9 

("T5") 

Ara h8 
sIgE at T9 

("T5") 

Ara h9 
sIgE at T9 

("T5") 

Peanut 
SPT at T9 

("T5") 

101 Failed 
Active(PP

OIT) Nil 
Nil/Avoidi

ng 2.14 0.87 1.41 0.08 0.03 0.02 12.5 

209 Failed 
Active(PP

OIT) Nil 
Nil/Avoidi

ng 100.01 40.3 28 11 3.5 0.3 17 

228* Failed 
Active(PP

OIT) 
1-2 times 

a week 
Moderate 
amount 24.7 13.5 8.75 1.4 0 0 11.5 

406* Failed 
Active(PP

OIT) Nil 
Nil/Avoidi

ng 2.63 0.15 1.44 0.02 0 0.01 19.5 

416* Failed 
Active(PP

OIT) 
<once/we

ek 
Moderate 
amount 24.6 16.5 5.53 5.9 0.01 0.01 7.5 

102 Failed Placebo Nil 
Nil/Avoidi

ng 1.62 0.03 0.79 0.07 0.05 0.05 11 
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105 Failed Placebo Nil 
Nil/Avoidi

ng . . . . . . 9 

201 Failed Placebo Nil 
Nil/Avoidi

ng 100.01 1.91 17.8 6.96 0.02 0.02 7 

202 Failed Placebo Nil 
Nil/Avoidi

ng 76.7 12.8 61.4 0.9 0.13 0.2 17.5 

215 Failed Placebo Nil 
Nil/Avoidi

ng 0.92 0 1.08 0.01 0 0.01 2.5 

216 Failed Placebo Nil 
Nil/Avoidi

ng 100.01 36.6 55.4 5.54 0.01 0.01 15 

217 Failed Placebo Nil 
Nil/Avoidi

ng 100.01 20.7 88.7 6.79 0 0.01 9 

219 Failed Placebo Nil 
Nil/Avoidi

ng 100.01 190 433 67.5 0.13 0.42 15 

221 Failed Placebo Nil 
Nil/Avoidi

ng 7.81 . . . . . 22.5 

224 Failed Placebo Nil 
Nil/Avoidi

ng 83.5 15.4 53.8 7.69 0.03 0.03 13 

304 Failed Placebo Nil 
Nil/Avoidi

ng 31.6 24.9 15.4 3.09 1.09 0.01 18.5 

408 Failed Placebo Nil 
Nil/Avoidi

ng 1.55 . . . . . 19 

412 Failed Placebo Nil 
Nil/Avoidi

ng 6.46 4.98 3.64 1.7 0 0.01 19 

432 Failed Placebo Nil 
Nil/Avoidi

ng 9.84 0.18 0.87 0.2 0.16 0.16 3 

*Denote those who had 2-week SU post-treatment 
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4.8. Chapter summary 

In this chapter, the doctoral candidate presented findings relating to the long term 

effects of PPOIT on antibody responses of PPOIT-001 trial participants. The 

doctoral candidate extends the investigation of immune effects of PPOIT and 

presents findings relating to the participants’ cellular responses to treatment in 

Chapter 5. 
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Chapter 5. Results: Immunomodulatory effects of 

PPOIT on the cellular responses of participants 

in the PPOIT-001 randomised trial 

5.1. Chapter introduction 

The doctoral candidate presented long-term clinical outcomes of participants in 

the PPOIT-001 trial in Chapter 3. Continuing the describing of immunomodulatory 

effects of PPOIT, in this chapter the doctoral candidate focuses on PPOIT’s effects 

on cellular responses of PPOIT-001 trial participants. 
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5.2. Abstract 

5.2.1. Background  

Probiotic and Peanut Oral Immunotherapy (PPOIT) is effective at inducing 

challenge proven sustained unresponsiveness (SU) that persists to four years post-

treatment. The doctoral candidate examined the effects of PPOIT on cytokine 

production by in-vitro cultured peripheral blood mononuclear cells (PBMC) and 

peanut specific T-regulatory (Treg) cell frequency in PBMC from participants 

enrolled in the PPOIT-001 randomised trial. The doctoral candidate also examined 

the relationships between levels of peanut and peanut component specific-IgE 

(sIgE), cytokine production and peanut specific Treg cell frequency in children 

with peanut allergy. 

5.2.2. Methods  

Cytokine measurements 

PBMC obtained from participants in the PPOIT-001 trial at study entry (T0) and at 

3 months post-treatment (T3) were cultured in crude peanut extract (CPE) or 

media alone (resting) for 6 days. Supernatants were collected at 6 days and stored 

at -80C until batched processed. Levels of T-helper 2 (Th2; IL-13, IL-4, IL-5), T-

helper 1 (Th1; IFN-γ) and Treg (IL-10) cytokines in PBMC culture supernatants 

were measured using a high-sensitivity multiplex assay (Milliplex, USA).  

Peanut specific Treg 

Peanut specific T-regulatory (Treg) cells were defined as proliferating (CFSElo) 

CD4+/CD25+/Foxp3+ lymphocytes in CPE stimulated cultures. Batch thawed 

PBMC obtained from participants in the PPOIT-001 trial at study entry (T0) and at 

3 months post-treatment (T3) were labeled with CFSE-FITC and cultured in the 

presence of CPE or media for 6 days.  CFSE stained PBMC were retrieved at 6 days 

and further incubated with CD4–Per CP, CD25–PECy 7, Foxp3–PE. 

CFSElo/CD4+/CD25+/Foxp3+ lymphocytes were enumerated using fluorescence 

activated cell sorting (FACS).  
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Pearson’s correlation and linear regression analyses of log-transformed values 

were used to examine the relationship between immune indices. Age- and sex-

adjusted multivariate regression analyses of log-transformed values were used for 

point-in-time, between-group comparisons. 

5.2.3. Results  

Levels of each individual cytokine measured in resting and CPE stimulated PBMC 

culture supernatants were similar in PPOIT- and placebo- treated participants at 

study entry (T0) and at 3 months post-treatment (T3). However, at T3 the change 

from study entry was significantly different between PPOIT and placebo groups for 

IL-5 (resting culture) and IL-4 (resting and CPE stimulated cultures) production 

[Geometric Mean (GM; 95% CI) of fold change, IL-5, resting culture: PPOIT 0.27 

(0.05, 1.59) v.s. placebo 1.58 (0.70, 3.59), p=0.050; IL-4, resting culture PPOIT 0.54 

(0.25, 1.18) v.s. placebo 1.17 (0.85, 1.61), p = 0.046; IL-4, CPE culture PPOIT 0.27 

(0.13, 0.56) v.s. placebo 1.12 (0.88, 1.42), p = 0.001]. Furthermore, at T3, there was 

a trend towards lower frequency of peanut specific Treg cells in CPE cultured 

PBMC from participants in the PPOIT group compared with those in the placebo 

group [Mean (standard deviation, SD): 4.3 % (4.3) v.s. 11.3 % (14.7), p = 0.07].  

At study entry, higher peanut and peanut component (Ara h1, h2, h3) sIgE levels 

were associated with higher ratios of IL-5:IFN-γ [p <0.001 (peanut), p <0.001 (Ara 

h1), p <0.001 (Ara h2), p <0.001 (Ara h3)], IL-13:IFN-γ [p  <0.002 (peanut), p 

<0.001 (Ara h1), p = 0.001 (Ara h2), p = 0.002 (Ara h3)] and IL-4:IFN-γ [p = 0.033 

(peanut), p = 0.014 (Ara h1), p = 0.023 (Ara h2), p = 0.002 (Ara h3)]. Surprisingly, 

higher peanut sIgE level was associated with higher circulating peanut specific 

Treg (regression coefficient 0.039, p = 0.026).  

5.2.4. Conclusions  

PPOIT was associated with reduced production of Th2 cytokines and a trend 

toward reduced peanut specific Treg cells frequency at the post-treatment time 

point. In children with peanut allergy, higher levels of peanut sIgE were associated 
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with higher Th2:Th1 cytokine ratios and higher frequency of circulating peanut 

specific Treg cells.  

Together, these suggest that the clinical response induced by PPOIT treatment may 

be mediated by a redirection in cytokine response. A reduction in frequency of 

circulating Treg cells may occur as a downstream event in response to reduced 

allergic disease activity. Longitudinal repeated measures studies of immune 

indices are needed to confirm these observed effects of PPOIT on cellular immune 

responses.    
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5.3. Rationale 

Combined probiotic and peanut oral immunotherapy (PPOIT) is effective at 

inducing clinical remission defined as 2-6 week sustained unresponsiveness (SU) 

immediately post-treatment[95]; and more importantly, the majority of treatment 

responders have persistence of SU to 4 years post-treatment[99]. Food oral 

immunotherapy (OIT) studies have consistently shown that gastrointestinal 

allergen exposure is accompanied by induction of an antigen specific-IgG4 (sIgG4) 

response and that sIgG4 levels continue to increase during treatment. In contrast, 

antigen specific-IgE (sIgE) levels increase in the first few months of treatment, 

followed by gradual decline towards baseline over the course of 1-2 years and 

levels may in some cases fall below baseline after several years of treatment. 

Findings reported in Chapter 4 confirmed that PPOIT is associated with increased 

peanut and peanut component sIgG4 levels; however, there is rapid reduction in 

sIgG4 levels once PPOIT treatment was discontinued. Moreover, the amount of 

peanut ingestion post-treatment correlated with higher sIgG4 levels at 4 years 

post-treatment. In addition, at 4 years post-treatment, persistence of SU after years 

of ad libitum ingestion was associated with reduced levels of antigen specific sIgG4 

after adjusting for amount of peanut intake. Concomitantly, persistent SU was 

associated with reduced levels of peanut sIgE at 4 years post-treatment, suggesting 

that downregulation of antigen specific B cell responses may be an important 

mechanism supporting tolerance induction.  

Redirection of B cell responses may be achieved through the induction of T-

regulatory (Treg) cells and B-regulatory (Breg) cells and/or anergy or deletion of 

effector T cells. Surrogate measures of increased Treg cell activity and/or anergy of 

effector T cell activity include: (1) increased production of interleukin (IL)-10 and 

transforming growth factor-beta (TGF-β) which play a role in inducing IgG4[135 

136] and IgA[137] production respectively, and (2) decreased production of Th2 

cytokines including IL-13, IL-4 and IL-5 which are needed to support IgE 

production[119]. There is limited data on changes in antigen specific Treg cell 
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frequency and cytokine production associated with OIT and the small number of 

available studies report mixed findings[18 40 54 55 138].  

The doctoral candidate hypothesised that (1) PPOIT treatment induces 

downregulation of Th2 cytokine production and upregulation of Treg cell 

frequency and Treg cytokine (IL-10) production, and (2) in children with peanut 

allergy, higher levels of serum or plasma peanut specific IgE is associated with 

elevated Th2:Th1 cytokine balance and reduced Treg cell frequency. 

The specific aims of this chapter are to: 

 Compare the levels of Th2 (IL-13, IL-4, IL-5), Th1 (interferon-gamma, IFN-

γ) and Treg (IL-10) cytokines in resting and crude peanut extract (CPE) 

stimulated PBMC culture supernatants from PPOIT- and placebo-treated 

participants at study entry (T0) and at 3 months post-treatment (T3); 

 Compare the frequency of peanut specific Treg cells as a proportion of total 

CD4+ lymphocytes in PBMC from PPOIT- and placebo- treated participants 

at T0 and at T3;   

 Compare T0 to T3 fold change in Th2, Th1 and Treg cytokine levels in media 

and CPE stimulated PBMC culture supernatants from PPOIT- and placebo- 

treated participants; 

 Compare T0 to T3 fold change in the frequency of peanut specific Treg cells 

in PBMC from PPOIT- and placebo- treated participants; 

 Examine the association between serum or plasma levels of peanut and 

peanut component (Ara h1, h2 and h3) sIgE and the ratio of Th2:Th1 

cytokines produced by resting and CPE stimulated PBMC culture 

supernatants from children with peanut allergy at T0 and at T3; 

 Examine the association between serum or plasma levels of peanut and 

peanut component (Ara h1, h2 and h3) sIgE and the frequency of peanut 

specific Treg cell as a proportion of total CD4+ lymphocytes in PBMC from 

children with peanut allergy at T0 and at T3.  
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5.4. Abbreviated methods 

Detailed methods including laboratory methods for the PPOIT-001 trial are 

presented in Chapter 2. The following is a summary of select aspects of study 

methodology relevant to this results chapter. 

5.4.1. Participants 

The Probiotic and Peanut Oral Immunotherapy (PPOIT-001) trial is a double-blind 

placebo controlled randomised trial that randomised 62 children aged 1-10 years 

with peanut allergy to receive a probiotic adjuvant [Lactobacillus rhamnosus 

CGMCC 1.3724 (NCC4007)] and peanut oral immunotherapy (PPOIT) or placebo 

and placebo for 18 months. Six participants withdrew during the study leaving 

n=56 participants at trial end. PPOIT was effective at inducing desensitisation 

(89.7% PPOIT versus 7.1% placebo, p<0.001) and 2-week SU (82.1% PPOIT versus 

3.6% placebo, p<0.001)[95]. 

5.4.2. Study samples 

 As per registered PPOIT-001 study protocol, blood samples were collected from 

all eligible trial participants at study entry (T0), end of treatment (T1), 3 months 

post-treatment (T3) and 4 years post-treatment (T5). Saliva samples were 

collected from all eligible trial participants at study entry (T0), at weeks 17, 33, 49 

during treatment, at 2-6 weeks post-treatment (T2) and at 12 months post-

treatment (T4). Only participants who had attained desensitisation at T1 were 

eligible for follow-up at T2. For experiments described in this chapter, blood 

samples collected at T0 and T3 were used 

5.4.3. Sample collection and processing 

Whole blood samples were collected into sodium heparin tubes or gel tubes. 

Peripheral blood mononuclear cells (PBMC) from heparinized samples were 

separated within 2 hours of collection by density gradient centrifugation. PBMC 

were cryopreserved in 10-20 x106/ml in RPMI with 15% DMSO in fetal calf serum 

(FCS). At a later time they were batched thawed and either freshly stained or in-
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vitro cultured before staining for Treg cell enumeration or cytokine production 

studies. Separated plasma and sera were cryopreserved at -80◦C and subsequently 

batch thawed for measurement of peanut and peanut component specific-IgE 

(sIgE) levels. 

5.4.4. Peripheral blood mononuclear cell (PBMC) processing 

for flow cytometry and for cytokine production assays 

Batch thawed PBMCs were freshly stained with 2.5 µL CD4–Per CP, 2.5 µL CD25–

PECy 7, 7 µL of Foxp3–PE per 1x106 cells or stained with 10 µL CFSE-FITC per 

1x106 cells before and 2.5 µL CD4–Per CP, 2.5 µL CD25–PECy 7, 7 µL of Foxp3–PE 

per 1x106 cells  after in-vitro culturing for 6 days in RPMI-1640 with 2 mmol/L L-

glutamate, 25 mmol/L HEPES buffer, 10% human AB serum in the absence of 

antigen (that is, media alone; resting PBMC) or in the presence of either crude 

peanut extract (CPE; 100 μg/mL; kindly provided by Professor Wesley Burks and 

his research group, Duke University Medical Center), ovalbumin (OVA) or tetanus 

toxoid (TT) (antigen stimulated PBMC). 

PBMC from participants at T0 and T3 were thawed and batch processed. Thawed 

PBMC were incubated with medium alone (resting PBMC culture) or crude peanut 

extract (CPE; 100 μg/mL; CPE stimulated PBMC culture) in RPMI-1640 medium 

and 10% fetal calf serum for 6 days and supernatant collected for measurement of 

Treg, Th1, Th2 cytokines (IL-10, IFN-γ, IL-4, IL-5, IL-13). The time course for 

collection of supernatants was previously validated and demonstrated to provide 

reliable Th1, Th2 and Treg cytokine measurements after 48 hours and 6 days of 

culture[139].   

5.4.5. Flow cytometric enumeration of total, resting and 

antigen specific T-regulatory (Treg) cells 

Using fluorescence activated cell sorting (FACS) analysis, frequencies of total Treg 

and Treg cell subpopulations were determined in freshly thawed PBMC at T0 and 

T3. Treg populations examined included: total Treg cell population (gating on 

CD4+/CD25+/Foxp3+ lymphocytes), proliferating Treg (gating on 
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CFSElo/CD4+/CD25+/Foxp3+ lymphocytes) in PBMC after in-vitro culture for 6 

days in media alone (resting Treg) or in CPE (defined as peanut specific Treg), OVA 

(defined as ovalbumin specific Treg) or TT (defined as tetanus toxoid specific 

Treg). 

5.4.6. Measurement of Th1, Th2, Treg cytokines 

The doctoral candidate had sufficient funds to evaluate supernatant cytokines at 2 

time points only, and selected measurement at study entry (T0) and 3 months 

post-treatment (T3). Cytokine levels in the T0 and T3 supernatants were measured 

using a high-sensitivity multiplex immunoassay (EMD Millipore, Billerica, MA) on 

Luminex MAP200 instrument as per manufacturers’ instructions. Data was 

analysed using MasterPlex software (Hitachi Software Engineering America Ltd., 

MiraiBio Group) and expressed in pg/ml. 

5.4.7. Measurement of levels of serum peanut and plasma 

peanut component sIgE and sIgG4 

Levels of serum peanut and plasma peanut component (Ara h1, h2, h3, h8 and h9) 

sIgE and sIgG4 were measured using ImmunoCAP 250 (Phadia AB, Uppsala, 

Sweden) according to the manufacturer’s instructions.  

5.4.8. Immune indices analyses 

Immune indices statistically evaluated in this study include:  

(1) levels of serum peanut and plasma peanut component (Ara  h1, h2 and h3) sIgE 

(kUA/L), and 

(2) frequencies, expressed as a proportion of total CD4+ lymphocytes, of total Treg 

(CD4+CD25+Foxp3+), resting Treg (CFSElo/CD4+/CD25+/Foxp3+, 6 days media) 

and peanut specific Treg (CFSElo/CD4+/CD25+/Foxp3+, 6 days CPE), OVA-specific 

Treg (CFSElo/CD4+/CD25+/Foxp3+, 6 days OVA), TT-specific Treg 

(CFSElo/CD4+/CD25+/Foxp3+, 6 days TT), and  
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(3) levels of in-vitro PBMC culture supernatant IL-13, IL-4, IL-5 IL-10, IFN-γ 

(pg/mL).  

In addition, the doctoral candidate calculated and analysed ratio of Th2:Th1 

cytokines as a surrogate marker of Th2:Th1 milieu[140] and the fold change in 

study entry (T0) to post-treatment (T3) cytokine levels in order to adjust for 

within individual baseline levels of cytokine production[36 55] as additional 

indices of interest. 

5.4.9. Statistics 

 Statistical power  

Blood samples were available from 56 participants (PPOIT n=28 and placebo 

n=28) who completed the PPOIT-001 RCT. This sample size provides greater than 

80% power to detect an effect size of 0.76 or more (that is, a difference of 0.76 

standard deviations between the mean number of Treg cells in each group). 

Preliminary analysis of Treg cells frequency at T0 in pooled participants (n= 49) 

from the PPOIT-001 trial revealed a mean frequency of Treg cells (as a percentage 

of CD4+ cells) of 10.8% with a standard deviation of 3.7%. Based on these findings, 

the sample size provides sufficient power to detect a post-intervention increase in 

total Treg cells frequency of (0.76 times 3.7% equals) 2.8% (that is, from 10.8% to 

13.6%) which is a biologically significant difference. 

Given previous work on the distribution pattern of cytokine levels in healthy 

humans, it was anticipated that non-parametric analytical measures will be 

necessary. In addition, it would be difficult to anticipate the effect size that would 

be required. However, a number of published studies with smaller sample sizes 

than the PPOIT-001 RCT have demonstrated statistically significant temporal 

within arms and across arms differences in cytokine levels. Jones et al reported 

statistically significant changes in the levels of six cytokines [including IL-5 and 

tumour necrosis factor-alpha (TNF-α), p<0.05] in the supernatants of cultured 

PBMC collected every six months for two years from five participants who were 

treated with a peanut oral immunotherapy[18]. In another study of pollen 
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allergy[140], statistically significant differences in the IL-10 levels and ratios of IL-

5:IFN-γ, IL-13:IFN-γ, IL-4:IFN-γ in the supernatants of cultured PBMC collected 

from seven allergic and six non-allergic participants were detectable. Based on 

these studies, it was anticipated that the doctoral candidate’s proposed sample 

sizes of n=28 per group will be sufficiently powered to detect similar differences in 

cytokine production. 

 Statistical analyses 

Immune indices were examined visually for normality and linearity.  

As per registered PPOIT-001 trial protocol (ACTRN 12608000594325, 

25/11/2008), parametric immunologic variables were analysed using standard t 

test with data summarised using arithmetic means and standard deviations (SD). 

Non-parametric immunologic variables were analysed using standard t test on 

logarithmic scaled values with data summarised using geometric means (GM) and 

95% confidence intervals (95% CI). Pairwise correlation and age- and sex-adjusted 

linear regression analyses were performed to examine the association between 

immune indices. Between group analyses for PPOIT vs placebo were by intention 

to treat (ITT) where outcome data were available as per the approach adopted in 

previous publications relating to this study[95 99]. 

Given that the doctoral candidate was investigating a number of hypotheses, the 

candidate did not adjust p-values for multiple comparisons as per Feise and 

Perneger[97 98].    

Data were analysed with Stata release 15 software (StataCorp, College Station, 

Tex). 

5.4.10. Ethics 

Ethics approval was obtained from The Royal Children’s Hospital Human Research 

Ethics Committee (HREC 27086). The trial, including the a priori plan to analyse 

immunologic variables as secondary outcomes, was registered with the Australian 

New Zealand Clinical Trials Registry (ACTRN 12608000594325, 25/11/2008). 
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5.5. Results  

To address the hypothesis that PPOIT treatment induces downregulation of Th2 

cytokine production by PBMC, the doctoral candidate examined PBMC production 

of Th2, Th1 and Treg cytokines at study entry (T0) and at 3 months post-treatment 

(T3). 

5.5.1. Effect of PPOIT treatment on cytokine production by 

resting and CPE stimulated PBMC from participants in 

PPOIT and placebo groups at study entry and at 3 

months post-treatment 

The levels of Th2, Th1 and Treg cytokines measured in resting PBMC culture 

supernatants were similar in PPOIT and placebo groups at T0 and at T3. Similarly, 

there was difference between the groups in the levels of cytokines measured in 

CPE stimulated PBCM culture supernatants at T0 and at T3. (Table 5-1).  
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Table 5-1. Between group comparisons of cytokine production at study entry (T0) and at 3 months post-treatment (T3) 

IL-13 (pg/mL) PPOIT Placebo 
 Resting PBMC (6 days media) 

 
P-value* 

T0 
   Geometric mean (95% CI) 32.42 (4.52, 232.37) 15.63 (3.47, 70.43) 0.524 

Median (IQR), no. 50.76 (2.48, 377.18), 13 19.63 (7.04, 53.77), 15 
 T3 

   Geometric mean (95% CI) 13.87 (5.15, 37.33) 32.11 (7.35, 140.33) 0.326 

Median (IQR), no. 20.31 (2.49, 34.86), 14 79.48 (4.75, 206.33), 15 
 CPE stimulated PBMC (6 days) 

 
P-value* 

T0 
   Geometric mean (95% CI) 1415.12 (866.32, 2311.59) 753.23 (315.64, 1797.50) 0.204 

Median (IQR), no. 1468.93 (721.70, 2706.98), 13 963.20 (687.20, 1828.57), 15 
 T3 

   Geometric mean (95% CI) 969.73 (560.15, 1678.79) 623.24 (124.55, 3118.77) 0.565 

Median (IQR), no. 1160.58 (749.26, 2060.81), 14 992.97 (894.84, 2475.57), 13 
     

    

IL-4 (pg/mL) PPOIT Placebo 
 Resting PBMC (6 days media) 

 
P-value* 

T0 
   Geometric mean (95% CI) 2.18 (1.05, 4.51) 1.32 (0.84, 2.07) 0.202 

Median (IQR), no. 0.92 (0.92, 3.52), 13 0.92 (0.92, 1.39), 15 
 T3 

   Geometric mean (95% CI) 1.16 (0.89, 1.53) 1.55 (1.05, 2.27) 0.212 

Median (IQR), no. 0.92 (0.92, 0.92), 14 0.92 (0.92, 2.74), 15 
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CPE stimulated PBMC (6 days) 
 

P-value* 

T0 
   Geometric mean (95% CI) 4.66 (2.12, 10.23) 2.31 (1.21, 4.44) 0.148 

Median (IQR), no. 4.68 (0.92, 14.93), 13 1.39 (0.92, 5.72), 15 
 T3 

   Geometric mean (95% CI) 1.22 (0.90, 1.66) 2.18 (1.12, 4.27) 0.091 

Median (IQR), no. 0.92 (0.92, 1.53), 14 0.92 (0.92, 6.20), 13 
     

    

IL-5 (pg/mL) PPOIT Placebo 
 Resting PBMC (6 days media) 

 
P-value* 

T0 
   Geometric mean (95% CI) 9.17 (1.16, 72.61) 3.42 (1.12, 10.43) 0.354 

Median (IQR), no. 3.53 (0.25, 125.31), 13 1.83 (1.20, 3.18), 15 
 T3 

   Geometric mean (95% CI) 2.48 (1.31, 4.67) 5.42 (1.79, 16.39) 0.207 

Median (IQR), no. 2.86 (2.03, 4.74), 14 7.28 (1.39, 15.46), 15 
 CPE stimulated PBMC (6 days) 

 
P-value* 

IL-5 (pg/mL), T0 
   Geometric mean (95% CI) 222.73 (72.84, 681.04) 105.45 (40.48, 274.67) 0.279 

Median (IQR), no. 246.56 (30.66, 1329.59), 13 92.83 (60.44, 179.07), 15 
 IL-5 (pg/mL), T3 

   Geometric mean (95% CI) 83.48 (44.15, 157.86) 95.41 (34.93, 260.66) 0.806 

Median (IQR), no. 99.21 (50.55, 190.43), 14 200.64 (59.08, 207.81), 13 
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IFN-γ (pg/mL) PPOIT Placebo 
 Resting PBMC (6 days media) 

 
P-value* 

T0 
   Geometric mean (95% CI) 0.50 (0.26, 0.94) 0.88 (0.32, 2.40) 0.327 

Median (IQR), no. 0.30 (0.30, 0.30), 13 0.30 (0.30, 0.91), 15 
 T3 

   Geometric mean (95% CI) 0.53 (0.28, 1.02) 1.81 (0.53, 6.17) 0.073 

Median (IQR), no. 0.30 (0.30, 0.30), 14 0.52 (0.30, 6.33), 15 
 CPE stimulated PBMC (6 days) 

 
P-value* 

T0 
   Geometric mean (95% CI) 31.52 (11.86, 83.75) 43.54 (16.36, 115.85) 0.620 

Median (IQR), no. 31.95 (10.43, 114.68), 13 40.77 (29.08, 160.13), 15 
 T3 

   Geometric mean (95% CI) 31.18 (9.98, 97.38) 54.24 (14.14, 208.07) 0.499 

Median (IQR), no. 28.26 (12.05, 85.53), 14 68.62 (34.09, 189.08), 13 
     

    

 IL-10 (pg/mL) PPOIT Placebo   

Resting PBMC (6 days media) 
 

P-value* 

T0 
   Geometric mean (95% CI) 2.87 (1.35, 6.07) 3.52 (1.96, 6.33) 0.642 

Median (IQR), no. 3.24 (0.70, 8.41), 13 4.71 (1.22, 8.00), 15 
 T3 

   Geometric mean (95% CI) 2.80 (1.54, 5.09) 4.43 (2.63, 7.46) 0.221 

Median (IQR), no. 3.66 (0.70, 7.10), 14 4.58 (2.08, 8.71), 15 
 CPE stimulated PBMC (6 days) 

 
P-value* 

T0 
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Geometric mean (95% CI) 19.35 (9.06, 41.30) 26.68 (15.54, 45.78) 0.453 

Median (IQR), no. 30.89 (12.76, 34.94), 13 25.96 (13.24, 56.80), 15 
 T3 

   Geometric mean (95% CI) 16.10 (10.49, 24.71) 27.75 (14.61, 52.72) 0.133 

Median (IQR), no. 17.29 (9.89, 22.24), 14 32.51 (26.65, 48.33), 13 
 

*The t test on the log scale was applied for data presented as geometric means; Resting PBMC were cultured in media for 6 days 

and CPE stimulated PBMC were cultured in CPE for 6 days   
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5.5.2. Effect of PPOIT treatment on the change in cytokine 

production from study entry to 3 months post-treatment 

In the placebo group, Th2 cytokine production by both resting and CPE stimulated 

PBMC increased from T0 to T3 [Geometric Mean (GM; 95% CI) of T0 to T3 fold 

change, resting PBMC: IL-13 production 2.06 (0.45, 9.32), IL-4 production: 1.17 

(0.85, 1.61), IL-5 production: 1.58 (0.70, 3.59); CPE stimulated PBMC: IL-4 

production 1.12 (0.88, 1.42), IL-5 production 1.18 (0.42, 3.33);Table 5-2]. In 

contrast, in the PPOIT group there was a reduction in levels of Th2 cytokines 

following treatment [GM (95% CI) of T0 to T3 fold change, resting PBMC: IL-13 

production 0.42 (0.05, 3.80), IL-4 production 0.54 (0.25, 1.18), IL-5 production 

0.27 (0.05, 1.59); CPE stimulated PBMC: IL-13 production 0.65 (0.31, 1.37), IL-4 

production 0.27 (0.13, 0.56), IL-5 production 0.37 (0.13, 1.03)]. Comparison of 

PPOIT versus placebo groups showed statistically significant differences in the fold 

change from T0 to T3 for Th2 cytokine levels (resting PBMC IL-4 production 

p=0.046, resting PBMC IL-5 production p=0.050, CPE stimulated PBMC IL-4 

production p=0.001) following treatment. In contrast, there was no difference 

between the groups in the fold change for Th1 and Treg cytokines.  
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Table 5-2. Between group comparisons of the fold change from study entry 
(T0) in cytokine production at 3 months post-treatment (T3) 

Resting 
PBMC 

Geometric mean (95% CI) of the T0 to T3 fold change in 
cytokine production 

Unadjusted 
P-value 

Adjusted 
P-value* 

 

PPOIT Placebo 

  IL-13 0.416 (0.046, 3.798), 13 2.055 (0.453, 9.318), 15 0.198 0.264 

IL-4 0.544 (0.252, 1.176), 13 1.171 (0.850, 1.612), 15 0.046 0.043 

IL-5 0.271 (0.046, 1.589), 13 1.582 (0.696, 3.592), 15 0.050 0.071 

IFN-γ 1.108 (0.519, 2.363), 13 2.055 (0.469, 8.998), 15 0.452 0.432 

IL-10 1.086 (0.563, 2.095), 13 1.260 (0.894, 1.775), 15 0.655 0.707 

  

CPE 
stimulated 
PBMC 

Geometric mean (95% CI) of the T0 to T3 fold change in 
cytokine production 

Unadjusted 
P-value 

Adjusted 
P-value* 

 

PPOIT Placebo 

  IL-13 0.652 (0.311, 1.370), 13 0.939 (0.169, 5.206), 13 0.674 0.727 

IL-4 0.268 (0.128, 0.561), 13 1.121 (0.883, 1.423), 13 0.001 0.001 

IL-5 0.367 (0.130, 1.033), 13 1.182 (0.419, 3.334), 13 0.095 0.140 

IFN-γ 0.915 (0.292, 2.867), 13 1.429 (0.340, 5.999), 13 0.601 0.752 

IL-10 0.828 (0.348, 1.971), 13 1.199 (0.576, 2.499), 13 0.485 0.469 

*Adjusted for age and sex; The t test on the log scale was applied for data 

presented as geometric means; Resting PBMC were cultured in media for 6 days 

and CPE stimulated PBMC were cultured in CPE for 6 days  
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5.5.3. Effect of PPOIT on resting and antigen specific T-

regulatory cells at 3 months post-treatment 

At study entry (T0), there was no difference between treatment groups in the 

frequency of proliferating (CFSElo) Treg cells in PBMC cultured in media alone or 

PBMC cultured in crude peanut extract (CPE), ovalbumin (OVA), or tetanus toxoid 

(TT). At 3 months post-treatment (T3), there was also no between group 

difference in resting or antigen specific Treg cells for all antigens tested (Table 5-3). 

In the PPOIT group as compared to placebo, there was a trend towards lower 

proportion of proliferating (CFSElo) Treg cells in PBMC cultured in CPE (peanut 

specific Treg cells) and cultured in media alone (resting Treg cells). At T3, there 

were no between group differences for the fold change from study entry for peanut 

specific and resting Treg cells (Table 5-4). These findings suggest that PPOIT has 

limited effect on peanut specific Treg, resting Treg or other antigen specific Treg 

cell frequencies when evaluated at  3 months post-treatment (T3).  
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Table 5-3. Between group comparison of absolute values of resting and 
antigen specific Treg cells at study entry (T0) and at 3 months 
post-treatment (T3) 

6 day Media Mean (SD) of CFSElo Treg 
Unadjusted 

P-value 
Adjusted P-

value* 

 

PPOIT Placebo 

  T0 8.129 (18.785), 15 1.685 (2.867), 13 0.233 0.190 

T3 0.669 (0.791), 17 2.243 (3.127), 15 0.054 0.126 

     

6 day CPE Mean (SD) of CFSElo Treg 
Unadjusted 

P-value 
Adjusted P-

value* 

 

PPOIT Placebo 

  T0 10.146 (13.910), 15 6.791 (6.517), 13 0.433 0.338 

T3 4.306 (4.251), 17 11.344 (14.743), 14 0.070 0.095 

     

6 day OVA Mean (SD) of CFSElo Treg 
Unadjusted 

P-value 
Adjusted P-

value* 

 

PPOIT Placebo 

  T0 2.161 (0.439, 5.414), 10 2.216 (1.617, 2.438), 7 0.433 0.320 

T3 1.839 (1.885), 15 3.542 (3.706), 10 0.142 0.095 

     

6 day TT Mean (SD) of CFSElo Treg 
Unadjusted 

P-value 
Adjusted P-

value* 

 

PPOIT Placebo 

  T0 6.471 (9.458), 7 5.805 (3.601), 5 0.885 0.517 

T3 7.775 (9.848), 14 8.249 (8.126), 8 0.909 0.963 

*Adjusted for age and sex; The t test was applied for data presented as mean (SD). 

CPE = crude peanut extract, OVA = ovalbumin, TT = tetanus toxoid.  
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Table 5-4. Between group comparison of the fold change from study entry 
(T0) in resting and antigen specific Treg cells at 3 months post-
treatment (T3) 

Culture condition Mean (SD) of T0 to T3 fold change in CFSElo Treg 
Unadjusted P-

value 
Adjusted P-

value* 

 

PPOIT Placebo 

  6 day Media 1.482 (2.840), 12 8.866 (22.823), 10 0.278 0.181 

6 day CPE 3.150 (9.104), 12 3.934 (7.263), 9 0.834 0.481 

6 day OVA 1.077 (1.714), 7 2.570 (2.173), 5 0.212 0.296 

6 day TT 5.041 )8.521), 4 1.117 (1.060), 3 0.474 0.946 

*Adjusted for age and sex; The t test was applied for data presented as mean (SD). 

CPE = crude peanut extract, OVA = ovalbumin, TT = tetanus toxoid   
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Next, to address the hypothesis that in children with peanut allergy, higher peanut 

sIgE is associated with cytokine production skewed in favour of Th2 cytokines 

over Th1 cytokines, the doctoral candidate examined the relationship between 

peanut and peanut component sIgE and the ratio of Th2:Th1 cytokine production 

by PBMC collected at study entry (pre-treatment, T0) and conducted pooled 

analyses of immune indices data from participants in the PPOIT and placebo 

groups prior to exposure to treatment in order to maximize sample size. For the 

post-treatment time point (T3), subgroup analyses stratified by exposure groups 

were conducted. 

5.5.4. Association between levels of peanut sIgE and ratio of 

Th2:Th1 cytokine production by resting PBMC from 

participants in the PPOIT and placebo groups at study 

entry (pooled, pre-treatment) 

As expected, levels of peanut and peanut component specific IgE correlated 

positively with the ratio of Th2:Th1 cytokine production by resting PBMC from 

children with peanut allergy at study entry (Table 5-5). Higher peanut and peanut 

component sIgE levels were associated with higher ratios of IL-13:IFN-γ, IL-4:IFN-

γ and IL-5:IFN-γ production by resting PBMC (Table 5-6). These findings are 

consistent with the established understanding that pathogenic allergic antibody 

responses are supported by a cytokine milieu where Th2 activity dominates over 

Th1.  
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Table 5-5. Pearson's Correlation of sIgE and ratio of Th2:Th1 cytokine 
production by resting PBMC from children with peanut allergy 
(pooled PPOIT and placebo groups) at study entry (T0) 

Study entry (T0), pooled PPOIT 
and Placebo groups (n = 56) IL-13:IFN-γ ratio (resting PBMC) 

  Correlation, r p-value 

Peanut sIgE 0.619 0.000 

Ara h1 sIgE 0.679 0.000 

Ara h2 sIgE 0.597 0.001 

Ara h3 sIgE 0.590 0.002 

  

 

IL-4:IFN-γ ratio (resting PBMC) 

  Correlation, r p-value 

Peanut sIgE 0.405 0.033 

Ara h1 sIgE 0.475 0.014 

Ara h2 sIgE 0.428 0.023 

Ara h3 sIgE 0.595 0.002 

  

 

IL-5:IFN-γ ratio (resting PBMC) 

  Correlation, r p-value 

Peanut sIgE 0.725 <0.0001 

Ara h1 sIgE 0.810 <0.0001 

Ara h2 sIgE 0.695 <0.0001 

Ara h3 sIgE 0.820 <0.0001 

sIgE level as measured in kUA/L 
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Table 5-6. Linear Regression of sIgE and ratio of Th2:Th1 cytokine 
production by resting PBMC from children with peanut allergy 
(pooled PPOIT and placebo groups) at study entry (T0) 

Study entry (T0), pooled PPOIT 
and Placebo groups (n = 56) IL-13:IFN-γ ratio (resting PBMC) 

Resting / Media Coefficient Unadjusted P-value Adjusted P-value* 

Peanut sIgE 0.529 <0.001 0.002 

Ara h1 sIgE 0.799 <0.001 <0.001 

Ara h2 sIgE 0.491 0.001 0.004 

Ara h3 sIgE 0.678 0.002 0.004 

  

 

IL-4:IFN-γ ratio (resting PBMC) 

Resting / Media Coefficient Unadjusted P-value Adjusted P-value* 

Peanut sIgE 0.611 0.033 0.063 

Ara h1 sIgE 1.042 0.014 0.022 

Ara h2 sIgE 0.622 0.023 0.047 

Ara h3 sIgE 1.255 0.002 0.010 

  

 

IL-5:IFN-γ ratio (resting PBMC) 

Resting / Media Coefficient Unadjusted P-value Adjusted P-value* 

Peanut sIgE 0.634 <0.001 <0.001 

Ara h1 sIgE 0.986 <0.001 <0.001 

Ara h2 sIgE 0.585 <0.001 <0.001 

Ara h3 sIgE 0.915 <0.001 <0.001 

 *Adjusted for age and sex; sIgE level as measured in kUA/L 

  



 

176 

 

5.5.5. Association between levels of peanut sIgE and ratio of 

Th2:Th1 cytokine production by resting PBMC from 

participants in the PPOIT and placebo groups at 3 

months post-treatment  

After 18 months of treatment, placebo group participants showed weaker but still 

positive correlations between peanut sIgE levels and the ratio of Th2:Th1 cytokine 

production by their PBMC, similar to the pooled and pre-treatment findings at T0 

(Table 5-7). A higher ratio of IL-5:IFN-γ production by their PBMC was associated 

with higher levels of peanut and peanut component (Ara h2 and Ara h3) sIgE 

(Table 5-8). Similar trends were observed for the ratios of IL-13:IFN-γ and IL-

4:IFN-γ. In contrast, in the PPOIT group the positive association between levels of 

peanut sIgE and the ratio of Th2:Th1 cytokine production by PBMC was not 

observed at 3 months post-treatment (T3) (Table 5-9 and Table 5-10). Subgroup 

analyses by treatment groups involving smaller sample sizes may have contributed 

to the weakening of association between levels of peanut sIgE and ratio of Th2:Th1 

cytokine production. 
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Table 5-7. Pearson's Correlation of levels of peanut sIgE and ratio of Th2:Th1 
cytokine production by resting PBMC from participants in 
placebo group at 3 months post-treatment (T3) 

Post-treatment (T3) 

Placebo group (n = 28) IL-13:IFN-γ ratio (resting PBMC) 

  Correlation, r p-value 

Peanut sIgE 0.475 0.074 

Ara h1 sIgE 0.458 0.116 

Ara h2 sIgE 0.440 0.101 

Ara h3 sIgE 0.613 0.034 

 

IL-4:IFN-γ ratio (resting PBMC) 

  Correlation, r p-value 

Peanut sIgE 0.186 0.507 

Ara h1 sIgE -0.0814    0.791 

Ara h2 sIgE 0.144 0.610 

Ara h3 sIgE 0.206 0.521 

 

IL-5:IFN-γ ratio (resting PBMC) 

  Correlation, r p-value 

Peanut sIgE 0.617 0.014 

Ara h1 sIgE 0.393 0.184 

Ara h2 sIgE 0.580 0.023 

Ara h3 sIgE 0.638 0.026 

 sIgE level as measured in kUA/L 
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Table 5-8. Linear Regression of levels of peanut sIgE and ratio of Th2:Th1 
cytokine production by resting PBMC from participants in the 
placebo group at 3 months post-treatment (T3) 

Post-treatment (T3) 

Placebo group (n = 28) IL-13:IFN-γ ratio (resting PBMC) 

 

Coefficient Unadjusted P-value Adjusted P-value* 

Peanut sIgE 0.499 0.074 0.112 

Ara h1 sIgE 0.725 0.116 0.170 

Ara h2 sIgE 0.438 0.101 0.149 

Ara h3 sIgE 0.721 0.034 0.062 

 

IL-4:IFN-γ ratio (resting PBMC) 

 

Coefficient Unadjusted P-value Adjusted P-value* 

Peanut sIgE 0.168 0.507 0.830 

Ara h1 sIgE -0.112 0.791 0.673 

Ara h2 sIgE 0.123 0.610 0.963 

Ara h3 sIgE 0.209 0.521 0.925 

 

IL-5:IFN-γ ratio (resting PBMC) 

 

Coefficient Unadjusted P-value Adjusted P-value* 

Peanut sIgE 0.649 0.014 0.038 

Ara h1 sIgE 0.630 0.184 0.224 

Ara h2 sIgE 0.578 0.023 0.056 

Ara h3 sIgE 0.781 0.026 0.097 

 *Adjusted for age and sex; sIgE level as measured in kUA/L 
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Table 5-9. Pearson's Correlation of levels of peanut sIgE and ratio of Th2:Th1 
cytokine production by resting PBMC from participants in the 
PPOIT group at 3 months post-treatment (T3) 

Post-treatment (T3) 

PPOIT group (n = 28) IL-13:IFN-γ ratio (resting PBMC) 

  Correlation, r p-value 

Peanut sIgE -0.040 0.891 

Ara h1 sIgE -0.045 0.878 

Ara h2 sIgE 0.013 0.966 

Ara h3 sIgE -0.044 0.883 

  

 

IL-4:IFN-γ ratio (resting PBMC) 

  Correlation, r p-value 

Peanut sIgE -0.306 0.287 

Ara h1 sIgE -0.276 0.340 

Ara h2 sIgE -0.185 0.526 

Ara h3 sIgE -0.364 0.201 

  

 

IL-5:IFN-γ ratio (resting PBMC) 

  Correlation, r p-value 

Peanut sIgE 0.227 0.436 

Ara h1 sIgE 0.312 0.278 

Ara h2 sIgE 0.340 0.234 

Ara h3 sIgE 0.177 0.545 

 sIgE level as measured in kUA/L 
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Table 5-10. Linear Regression of levels of peanut sIgE and ratio of Th2:Th1 
cytokine production by resting PBMC from participants in the 
PPOIT group at 3 months post-treatment (T3) 

Post-treatment (T3) 

PPOIT group (n = 28) IL-13:IFN-γ ratio (resting PBMC) 

 

Coefficient Unadjusted P-value Adjusted P-value* 

Peanut sIgE -0.065 0.891 0.644 

Ara h1 sIgE -0.098 0.878 0.678 

Ara h2 sIgE 0.022 0.966 0.392 

Ara h3 sIgE -0.088 0.883 0.995 

  

 

IL-4:IFN-γ ratio (resting PBMC) 

 

Coefficient Unadjusted P-value Adjusted P-value* 

Peanut sIgE -0.635 0.287 0.388 

Ara h1 sIgE -0.766 0.340 0.436 

Ara h2 sIgE -0.415 0.526 0.653 

Ara h3 sIgE -0.943 0.201 0.289 

  

 

IL-5:IFN-γ ratio (resting PBMC) 

 

Coefficient Unadjusted P-value Adjusted P-value* 

Peanut sIgE 0.464 0.436 0.172 

Ara h1 sIgE 0.856 0.278 0.101 

Ara h2 sIgE 0.752 0.234 0.046 

Ara h3 sIgE 0.453 0.545 0.343 

 *Adjusted for age and sex; sIgE level as measured in kUA/L 
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Next, to address the hypothesis that in children with peanut allergy, higher peanut 

specific IgE is associated with reduced frequency of peanut specific T-regulatory 

(Treg) cell, the doctoral candidate examined the association between levels of 

peanut and peanut component sIgE and the frequency of peanut specific Treg cells 

(as a proportion of total CD4+ lymphocytes) in PBMC collected at study entry (pre-

treatment, T0) and conducted pooled analyses of immune indices data from 

participants in the PPOIT and placebo groups prior to exposure to treatment in 

order to maximize analysis sample size. For the post-treatment time point (T3), 

subgroup analyses stratified by exposure groups were conducted.   

5.5.6. Association between levels of peanut sIgE and 

frequency of peanut specific T-regulatory (Treg) cell in 

PBMC from participants in the PPOIT and placebo 

groups at study entry (pooled, pre-treatment) 

Contrary to the doctoral candidate’s hypothesis, the frequency of circulating 

peanut specific Treg cells was positively correlated with peanut and peanut 

component allergen sIgE levels in participants at study entry (Table 5-11). 

However, the associations weakened, and except for peanut sIgE, were no longer 

statistically significant after adjusting for age and sex. These findings suggest that 

pathogenic allergic antibody response may lead to upregulation of circulating 

antigen specific Treg cells rather than the alternate paradigm the doctoral 

candidate had hypothesized whereby reduced circulating antigen specific Treg 

cells leads to increased allergen-specific IgE production.   
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Table 5-11. Linear Regression of levels of peanut sIgE and peanut specific 
Treg cells from children with peanut allergy (pooled PPOIT and 
placebo groups) at study entry (T0) 

Study entry (T0), pooled PPOIT 
and Placebo groups (n = 56) Peanut specific Treg (CFSElo Treg, 6D CPE) 

CPE Coefficient Unadjusted P-value Adjusted P-value* 

Peanut sIgE 0.039 0.026 0.050 

Ara h1 sIgE 0.048 0.049 0.084 

Ara h2 sIgE 0.035 0.046 0.090 

Ara h3 sIgE 0.043 0.057 0.075 

*Adjusted for age and sex; sIgE level as measured in kUA/L 
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5.5.7. Association between levels of peanut sIgE and 

frequency of peanut specific T-regulatory (Treg) cell in 

PBMC from participants in the PPOIT and placebo 

groups, at 3 months post-treatment 

At 3 months post-treatment, in both the placebo and PPOIT groups there was no 

significant association between levels of peanut sIgE and frequency of peanut 

specific Treg cells. Subgroup analyses by treatment groups involving smaller 

sample sizes may have contributed to the apparent loss of association between 

levels of peanut sIgE and peanut specific Treg cells (Table 5-12 and Table 5-13). 
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Table 5-12. Linear Regression of levels of peanut sIgE and peanut specific 
Treg cells from participants in the placebo group (n = 28) at 3 
months post-treatment (T3) 

 
Peanut specific Treg (CFSElo Treg, 6D CPE) 

Post-treatment (T3), 
Placebo group (n = 28) 

Coefficient Unadjusted P-value Adjusted P-value* 

Peanut sIgE (kUA/L) -0.014 0.492 0.136 

Ara h1 sIgE (kUA/L) 0.051 0.577 0.491 

Ara h2 sIgE (kUA/L) -0.012 0.540 0.161 

Ara h3 sIgE (kUA/L) 0.029 0.730 0.417 

    

*Adjusted for age and sex; sIgE level as measured in kUA/L 
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Table 5-13. Linear Regression of levels of peanut sIgE and peanut specific 
Treg cells from participants in the PPOIT group (n = 28) at 3 
months post-treatment (T3) 

 
Peanut specific Treg (CFSElo Treg, 6D CPE) 

Post-treatment (T3), 
PPOIT group (n = 28) 

Coefficient Unadjusted P-value Adjusted P-value* 

Peanut sIgE (kUA/L) 0.050 0.388 0.538 

Ara h1 sIgE (kUA/L) 0.114 0.144 0.205 

Ara h2 sIgE (kUA/L) 0.087 0.166 0.250 

Ara h3 sIgE (kUA/L) 0.039 0.602 0.970 

*Adjusted for age and sex; sIgE level as measured in kUA/L   
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5.6. Discussion 

In this study the doctoral candidate examined the effect of PPOIT treatment on Th2, 

Th1 and Treg cytokine production by PBMC and the effect on Treg cell frequency in 

PBMC from children with peanut allergy. There were significant differences in pre-

treatment to post-treatment fold change in Th-2 cytokine (IL-4) production by 

PBMC from participants in the PPOIT group as compared with those from the 

placebo group. PPOIT treatment was accompanied by a trend towards lower 

frequencies of peanut specific and resting Treg cells at 3 months post-treatment.  

The doctoral candidate also explored the association between these immune 

measures and peanut sIgE levels at study entry and at 3 months post-treatment 

with PPOIT.  At study entry, it was found that higher levels of peanut sIgE were 

associated with increased ratio of Th2:Th1 cytokine production by resting PBMC. 

At 3 months post-treatment, these associations were weaker in the placebo-

treated group but no longer observed in the PPOIT treated group, which may be 

due to smaller sample sizes in the subgroup analyses. Contrary to expectation, the 

doctoral candidate found higher peanut sIgE levels being associated with a higher 

frequency of peanut specific Treg cells at study entry.  

Th2 cytokines including IL-4, IL-5 and IL-13 support allergic antibody production 

and memory B cells survival[119 120]. Concurrently, excessive IL-4 signaling 

impairs induction of food allergen specific Treg cells and their capacity to suppress 

mast cell activation and reprogramming[69]. Effects of highly differentiated Th2 

cells dominate over the suppressive effects of Treg cells in food allergic 

individuals[141]. Conversely, inactivation of Th2-like signaling pathways in Treg 

cells protects against food allergy[70]. Previous studies have reported mixed 

effects of OIT on Th2 responses, with some studies reporting downregulation of 

Th2 response (IL-5 and IL-4)[36 54 138] while others reported upregulation of IL-

5[40]. However, given that PPOIT was associated with long-term reduction in B 

cell production of peanut specific antibody responses for both IgE and IgG4 

isotypes, as reported in the previous chapter, the doctoral candidate hypothesised 

that PPOIT induces a reduction in Th2 cytokine production by PBMC or a shift 
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away from Th2 milieu. Findings in this chapter confirm that PPOIT treatment 

induced downregulation of Th2 cytokine production by PBMC.  

There was no significant change in IL-10 and IFN-γ cytokine production with 

PPOIT treatment. The absence of any change in IL-10 production was unexpected 

as the doctoral candidate had hypothesised that tolerance induction would be 

associated with increased production of regulatory cytokines such as IL-10. A 

possible explanation of the unexpected negative finding with IL-10 may be that 

PPOIT is associated with early induction of Treg cell activity and IL-10 production 

while the underlying allergic response is being modulated. Yet an increased Treg 

cell activity may no longer be required once redirection of the allergic response is 

achieved. Alternatively, the findings may reflect deletion or anergy of peanut 

specific T cells as a key mediator of redirection of peanut specific allergic response. 

In addition, IL-10 production by circulating PBMC does not represent localized 

Treg cell activity within the gut associated lymphoid tissues (GALT) where peanut 

specific responses are modulated. Finally, the doctoral candidate has not measured 

TGF-β production. TGF-β is produced by antigen presenting cells such as CD103+ 

dendritic cells (DC) and by a subset of TGF-β producing T-cells (Th3). TGF-β 

facilitates induction of gastrointestinal tolerance through a number of mechanisms 

including promoting the generation of Foxp3+ Treg cells, downregulating FceRI 

expression, inhibiting proliferation of B cells, upregulation of allergen specific IgA 

and suppressing production of allergen specific IgE[66 142]. A recent study[71] 

found that OIT is associated with transient effects on TGF-β regulatory pathways. A 

murine model of food allergen epicutaneous immunotherapy induced TGF-β 

production by Th3 cells and protected against anaphylaxis by suppressing mast 

cell activation[143]. The doctoral candidate’s experiments do not exclude the 

presence of PPOIT induced upregulation of TGF-β production and its effect on the 

observed induction of salivary peanut specific-IgA production as reported in the 

previous chapter. 

Functional Foxp3+ Treg cells have a potential role in regulating Th2 allergic 

responses[144]. In an animal model CD4+CD25+Treg cells inhibited the 
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differentiation of naïve T cells into Th2 cells and adoptive transfer of Treg 

protected sensitised mice from allergen challenge[145]. In addition, OIT-induced 

Treg cells have the functional capacity to suppress antigen specific T cell 

proliferation in vitro[40]. The doctoral candidate therefore hypothesised that 

PPOIT treatment would be accompanied by upregulation of Treg cells and that this 

would play a role in the downregulation of Th2 response and induction of clinical 

remission. Unexpectedly, the doctoral candidate did not observe this. In contrast, 

there was a trend towards lower Treg cell frequency post-treatment in the PPOIT 

group. Although this observation is counter-intuitive it is consistent with 

previously published findings from Varshney et al’s peanut OIT study[55]. In that 

study, there was an initial rise in peanut specific Treg cells frequency at 6 and 12 

months after commencement of the study followed by decline to baseline by 20 

months after commencement. Therefore, it is possible that by only assessing Treg 

cell frequency at study entry and at 3 months post-treatment earlier changes in 

Treg cell frequency and/or their function may have been missed. 

An intriguing possibility is that once the underlying allergic response is redirected 

towards sustained unresponsiveness and/or longer lasting tolerance, the role of 

Treg cells diminishes.  In the present study, higher levels of peanut and peanut 

component sIgE, supported by a cytokine milieu favouring Th2 over Th1, were 

associated with higher circulating numbers of peanut specific Treg cells in children 

with peanut allergy. This suggests when these children are naïve to food 

immunotherapy, Treg cells may play a role to dampen the existing skewed 

cytokine and pathogenic peanut specific allergic responses; that is, Treg cells are 

induced in response to established allergy and play a role in limiting allergic 

responses to peanut.  A mouse model of food allergy reported that sensitised mice 

had higher frequency of circulating Treg cells and increased IL-10 response to 

culprit antigen[146] which supports this notion that Treg cells are increased in 

response to allergy rather than decreased. Whilst Treg cells have been consistently 

demonstrated to play a role in the initiation and establishment of de novo 

tolerance in healthy subjects, the role of Treg cells in redirection of an established 

or existing allergic response remains uncertain. It is plausible that reprogramming 
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of a pre-existing peanut specific allergic response is instead achieved by a 

combination of memory T cell deletion and induction of T cell unresponsiveness, as 

findings from another recent study also suggest[147].  

Taken together, the above findings provide supportive evidence that PPOIT 

treatment induced downregulation of the peanut specific IgE response may be 

mediated by a reduction in Th2 cytokine production without accompanying 

changes in Th1 or IL-10 cytokine production. Higher peanut sIgE is associated with 

lower frequency of peanut specific Treg cells in children with peanut allergy and 

who are treatment naive. The absence of upregulation of circulating Treg cells 

suggests that continuing upregulation of Treg cell frequency and IL-10 production 

may not be required for maintenance of PPOIT-treatment induced remission once 

this is achieved.   

This study has a number of strengths.  

Firstly, the high rate of SU achieved with PPOIT treatment both immediately after 

treatment cessation and 4 years post-treatment enabled examination of the 

immune effects associated with SU as against desensitisation. In contrast, peanut 

alone OIT studies (in the absence of co-administered probiotic) induce 

desensitisation while SU is only achieved in a small proportion of treated 

subjects[19 40 54].  

Secondly, this is one of the largest studies to date investigating cytokine 

production by PBMC and Treg cells frequency following food oral immunotherapy. 

Participant retention rate was high with 90.3% (56/62) evaluated at end of 

treatment. The sample size and high retention rate translated to large numbers of 

participants in whom immune measures were available at each of the studied time 

points.  

The doctoral candidate acknowledges the following limitations.  

Firstly, due to resource constraints, the doctoral candidate was only able to 

examine cytokine production and Treg responses at two timepoints, being at study 
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entry (T0) and at 3 months post-treatment (T3). The limited time points evaluated 

meant that the doctoral candidate may have missed a transient rise followed by fall 

of Th1 and Treg cytokines as well as circulating antigen specific Treg cell 

frequency in response to PPOIT. In addition, given that allergen sIgE responses 

continued to reduce further post-treatment, by only evaluating cytokine 

production by PBMC collected at 3 months post-treatment, the doctoral candidate 

may have missed further downregulation of Th2 responses over time. 

Secondly, the doctoral candidate did not use tetramer technology[148] to identify 

peanut specific Treg cells and instead assumed that Treg cells which had 

proliferated after co-culturing with CPE were indeed representative of antigen 

specific Treg cells. This assumption has generally been accepted in other 

publications[18 19 40]. The doctoral candidate has not performed suppression 

assays to confirm functional ability of the Treg cells identified in the present study. 

Nevertheless, Syed et al adopted the same FACS gating strategies when 

enumerating Treg cells and confirmed that Treg cells identified using these 

phenotypic markers were functionally suppressive in vitro, had higher Foxp3 

protein and had Foxp3 transcription sites that were hypomethylated[40].  

The doctoral candidate has not evaluated tissue level peanut specific cytokine 

production or enumerated Treg cells localized in the gut, in particular in the GALT, 

where the immune response to peanut is considered to be primarily regulated. The 

interaction between antigens, antigen presenting cells, tissue-resident Treg cells 

and effector cells at the tissue level may be different to what is seen in the 

peripheral circulation. However, obtaining tissue samples such as gastrointestinal 

mucosa and mesenteric or splenic lymph nodes from children participating in food 

immunotherapy trials is not feasible either ethically or practically. To date, 

researchers in this field have extrapolated findings from animal models to gain 

insight into tissue level immune responses to OIT. 

Another limitation is that the candidate did not adjust for multiple comparisons 

because the candidate was investigating a number of different hypotheses. It is 

recognised that adjusting p-values can sometimes be inappropriate and can 
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increases the likelihood of type 2 statistical errors[97 98]. Therefore the candidate 

has simply described the tests of significance performed and why to enable 

readers to reach reasonable conclusions without the help of adjustments. 

In summary, findings in this chapter provide supportive evidence that the PPOIT 

induced long-term downregulation of circulating peanut and peanut component 

sIgE, as reported in the previous chapter, may be mediated by reduction in Th2 

cytokine production. In contrast, increased circulating Treg cell number and IL-10 

production in PBMC was not observed. This raises the possibility that other 

cellular mechanisms may be relevant to PPOIT induced long-term SU including 

memory cell deletion and/or anergy and/or that changes in Treg cell activity are 

limited to the localised gut environment. Furthermore, this chapter’s findings that 

peanut sIgE levels at study entry are associated with an increased frequency of 

peanut specific Treg cells and possible contraction of this population post-

treatment, suggest that peanut specific Treg cells may play a role in controlling 

established peanut allergy responses in treatment naïve subjects. However, these 

cells may be less critical in maintaining long-lasting redirection of the immune 

response away from allergy towards tolerance. Larger longitudinal studies 

evaluating cellular responses at multiple time points both during and post food 

immunotherapy are required to confirm these findings.  
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5.7. Chapter summary 

This chapter concludes the 3-chapter series reporting on the long-term clinical and 

immunologic effects of PPOIT on participants of the PPOIT-001 trial, a double-

blind, placebo-controlled randomised trial. PPOIT treatment was associated with 

long-term clinical benefits including an ability to continue peanut ingestion and 

long-term sustained unresponsiveness (LTSU) at 4 years post-treatment. Findings 

from mechanistic studies suggest that the clinical response induced by PPOIT 

treatment may be mediated by broad reduction in peanut specific humoral 

immune responses through the redirection of cytokine responses. 

In Part 2 of this thesis, the doctoral candidate describes the rationale, aims, 

methods and findings of the PPOIT-002 trial, a single-arm, open-label trial of a 

combined probiotic and peanut oral immunotherapy (PPOIT) using an modified 

(accelerated) dose escalation schedule for the buildup phase designed to improve 

the feasibility of PPOIT treatment. 
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Chapter 6. Methods: The PPOIT-002 trial, a 

single-arm, open-label trial of a combined 

probiotic and peanut oral immunotherapy 

(PPOIT) using an accelerated dose escalation 

schedule 

6.1. Chapter introduction  

As presented in the earlier chapters, a combined probiotic and peanut oral 

immunotherapy (PPOIT) using an 8-month dose-escalation schedule for the 

buildup phase was effective at inducing desensitisation, sustained 

unresponsiveness (SU), long-term sustained unresponsiveness (LTSU) and at 

modulating peanut specific immune responses.  

In Part 2 of this thesis, the doctoral candidate explores feasibility of modifying 

PPOIT treatment by accelerating the dose escalation schedule of the buildup phase.  

Chapter 6 describes the rationale, aims and methods for conducting Part 2 of the 

thesis, the PPOIT-002 trial investigating PPOIT treatment which uses an 

accelerated dose escalation schedule.  
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6.2. Rationale 

Food allergy affects 5-8% of children and 2% of adults, and peanut allergy affects 

1.5% of children[84-86]. Reactions to peanut may be severe and peanut allergy is 

responsible for 30% of deaths from food induced anaphylaxis [87]. Unlike other 

food allergies, peanut allergy is usually lifelong[88]. Current management of food 

allergy requires strict avoidance of the food; however, 50% of peanut allergic 

patients are accidentally exposed to peanut within 2 years[89]. Therefore, children 

with peanut allergy are at continued risk of severe life-threatening allergic 

reactions throughout their lifetime.  

A combined probiotic and peanut OIT (PPOIT) was shown to successfully induce 

desensitisation and sustained unresponsiveness (SU) in a double blind placebo 

controlled RCT[95]. Just over 80% of the participants who received PPOIT attained 

2-6 week SU in the immediate post-treatment period compared with only 4% of 

those who received placebo. The trial provided a proof of principle for the 

effectiveness of combining probiotic and oral immunotherapy approach for the 

treatment of peanut allergy.  

In the original PPOIT treatment schedule, doses of peanut protein were increased 

progressively over a period of 8 months (16 dose increases every 2 weeks). In 

order to improve feasibility of the PPOIT treatment in the clinical setting, a more 

rapid buildup schedule that is in line with other forms of immunotherapy (for 

example pollen immunotherapy with dose increases over 12 weeks) would be 

desirable. It is therefore important to evaluate whether an accelerated dose 

escalation schedule can be tolerated by children with peanut allergy. PPOIT-002 

trial sought to evaluate a PPOIT treatment schedule where doses of peanut protein 

are increased over a period of 4 months rather than 8 months.  
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6.3. Aims 

The primary aim of this trial was: 

To evaluate the tolerability of PPOIT with an accelerated dose-escalation (buildup) 

phase, specifically: 

a) the proportion of children who can complete the buildup phase within 16 

weeks, and 

b) the number of treatment emergent adverse events (AE) and serious adverse 

events (SAE). 

The secondary aims of this trial were: 

a) To determine the rate of desensitisation, as determined by performing a 

4950 mg peanut protein double blind placebo-controlled food challenge (DBPCFC) 

at end of treatment (T2), after completion of 18 months of PPOIT using a 

shortened buildup schedule;  

b) To determine the rate of sustained unresponsiveness (SU), as determined 

by performing a 4950 mg peanut protein DBPCFC at 8 weeks after treatment is 

completed (T3) with strict avoidance of peanut intake between T2 and T3, after 

completion of 18 months of PPOIT using a shortened buildup schedule;  

c) To determine the change in peanut skin prick test (SPT) size, from T0 to T2 

and T3, after completion of 18 months of PPOIT using a shortened buildup 

schedule;  

d) To determine the change in blood peanut sIgE and sIgG4, from T0 to T2 and 

T3, after completion of 18 months of PPOIT using a shortened buildup schedule. 
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6.4. Methods  

This section explains the methods used to conduct the PPOIT-002 trial. 

6.4.1. Design 

This was an open-label, single arm pilot trial of a combined probiotic and peanut 

OIT (PPOIT) for 18 months in 20 children with peanut allergy, using a shortened 

updosing schedule for the buildup phase. 

6.4.2. Participants 

6.4.2.1. Inclusion Criteria 

Children were eligible for the trial if they: 

o Are aged between 1 year and 12 years of age,  

o If they are >10kg (weight considered safe for the prescription and 

administration of an Epipen) 

o There was a confirmed diagnosis of peanut allergy as defined by a failed 

double blind placebo controlled food challenge (DBPCFC) to peanut (up to a 

cumulative dose of 4950 mg peanut protein)and a positive SPT or sIgE to peanut at 

screening or in the preceding 3 months. 

Provided that a participant met eligibility criteria and was not excluded on the 

basis of meeting an exclusion criterion, children with concomitant atopic disease 

including eczema were included in the trial. 

6.4.2.2. Exclusion Criteria 

Children were not eligible for the trial if they had a history of: 

o Severe anaphylaxis (as defined by  persistent hypotension , collapse, loss of 

consciousness or persistent hypoxia OR ever needing three (3) or more doses of 

intramuscular adrenaline or needing intravenous adrenaline infusion for 

management of anaphylactic reaction) 
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o FEV1  <85% at rest or FEV1/FVC ≤ 85% at rest or ongoing chronic 

persistent asthma (as per Australian Asthma Foundation guidelines) 

o Underlying medical conditions (eg cardiac disease) that increase the risks 

associated with anaphylaxis 

o Use of beta-blockers  

o Inflammatory intestinal conditions, indwelling catheters, gastrostomies, 

immune-compromised states, post-cardiac and/or gastrointestinal tract surgery, 

critically-ill and those requiring prolonged hospitalisation or other conditions that 

may increase the risks of probiotic associated sepsis 

o Already taking Probiotics 

6.4.2.3. Withdrawal from trial 

Participants were able to withdraw from the trial at any time by their own volition. 

The following reasons for withdrawal are provided as examples: 

1. Lack of efficacy of study treatment as determined by investigators 

2. Lack of efficacy plus adverse event as determined by investigators 

3. Serious adverse event to study treatment* as recorded by investigators 

4. Severe adverse events to study treatment* as recorded by investigators 

5. Lack of patient compliance as determined by investigators 

6. Patient/Caregivers decision to withdraw 

7. Patient lost to follow-up 

8. Protocol Violation  

9. Concurrent disease  
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10. Other reason  

*Allocation of withdrawal reason as being related to adverse event(s) 

If the participant has more than four severe (Grade 3 or greater) adverse events 

that are probably related to study treatment during the buildup phase, OIT 

treatment was discontinued. 

The reason for termination was recorded on the participant’s withdrawal case 

report form (CRF). 

Every effort was made to follow-up participants who withdrew from the trial with 

treatment emergent adverse events (AE) in order to determine the final outcome. 

6.4.3. Study visits 

Study visits and assessments were scheduled as follows: 

• Screening visit – Double blind placebo controlled food challenge (DBPCFC)  

Eligibility for the trial was determined by screening assessments, medical history, 

provision of written informed consent and fulfilment of eligibility criteria. 

Eligibility criteria included confirmation of peanut allergy by failed DBPCFC at trial 

entry. Participants who had received placebo in the PPOIT-001 trial, had 

undergone the PPOIT-001 trial 4-year post-treatment DBPCFC[99] (cumulative 

dose 4000 mg peanut protein) within a 3 month period prior to Screening for 

PPOIT-002 and were still peanut allergic (failed PPOIT-001 trial 4-year post-

treatment DBPCFC) were eligible for this trial. For these participants, data from the 

4-year post-treatment DBPCFC was used as the PPOIT-002 trial screening result i.e. 

the DBPCFC was not repeated. For all other PPOIT-002 trial participants, a DBPCFC 

(cumulative dose 4950 mg peanut protein) was performed at screening visit to 

confirm peanut allergy.  

• T0/rush day visit; 
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• T1 – start of maintenance phase (buildup visit dose #17 - 2 g peanut 

protein) visit; 

• T2 – 18 months after T0/rush day (the day after the last day of treatment) 

visit – DBPCFC; 

• T3 – 8 weeks after T2 visit – DBPCFC (with strict peanut elimination 

between T2 and T3); 

At the conclusion of the T3 visit, participants were advised to avoid or consume 

peanut intake according to their allergic status as assessed at T3 DBPCFC: 

• Participants who failed the T2 challenge (i.e. failed induction of 

desensitisation) were informed of their status and advised to continue to strictly 

avoid all peanut in the diet; 

• Participants who passed the T2 challenge and failed the T3 challenge (i.e. 

desensitised but failed to achieve sustained unresponsiveness) were informed of 

their status and advised to continue to strictly avoid all peanut in the diet; 

• Participants who passed the T3 challenge (i.e. achieved sustained 

unresponsiveness) were advised to incorporate peanut into their diet at libitum. 

A schedule of assessments is included in the Supplementary material section of 

this chapter. 

6.4.4. Interventions 

6.4.4.1. Study treatment administered 

Peanut Flour 

The Peanut Flour (50% peanut protein) used in this trial was purchased from Byrd 

Mill, Ashland, Virginia, USA and manufactured by Golden Peanut and Tree Nut 

Company (GPC), Alpharetta, Georgia, USA. Peanut flour is preferred to crushed 

peanuts as it is easier to disguise. This was the same product as was used in the 

previous PPOIT RCT[95]. Peanut OIT doses were prepared by Optima Ovest (Perth, 
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Australia) under Good Manufacturing Practice (GMP) conditions and provided as 

set doses within capsules (for rush doses 1-8 and buildup doses 9-12), sachets (for 

buildup doses 13-16) and tubs of peanut flour with standardised measuring scoops 

(for maintenance dosing).  

The typical analysis of the peanut powder was as follows: 

    Protein (N x 5.46)  50%+/- 2% 

 Fat    12% +/-2% 

 Moisture   <3.5% 

 Crude Fibre  10% +/-2% 

 Ash    4%+/- 2% 

 Carbohydrate 30%+/-2% 

 Density   21-23 Ibs/cubic feet 

For the rush and lower doses of buildup phase, peanut OIT was formulated in 

gelatin capsules (size 3, 00EL and 000) encapsulated with maltodextrin to achieve 

the desired strength. Strengths supplied were 0.1, 0.2, 0.4, 0.8, 1.5, 3, 6 and 12 mg 

(rush phase; batch numbers: P101215, P050116, P034, P035, P036, P037, P038, 

P039, P040, P041) and 25, 50, 100 and 200 mg (buildup phase; batch numbers: 

P042, P043, P044, P045, P072, P073, P074). The higher buildup phase doses, 400 

mg, 800 mg, 1200 mg and 1600 mg were supplied as sachets (batch numbers P046, 

P047, P048, P049, P131, P132, P133). Product for use in the maintenance phase 

was supplied as 190 g of peanut flour packaged in a HDPE tub supplied with a 

standardized scoop to provide 2 g per day (batch numbers: P050, P134, P158, 

P214, P266, P331). 

Probiotic (Lactobacillus rhamnosus GG; ATCC 53103) 
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The probiotic to be used was Lactobacillus rhamnosus GG ATCC 53103 (LGG®) 

which was manufactured under GMP as a freeze-dried powder by Health World 

Ltd. Supply was as dry powder in prepackaged 250ml bottles. The daily dose of 

2x1010 cfu was measured using a standardised measuring scoop. Participants were 

instructed to mix the probiotic in water at a temperature NOT exceeding 38 °C 

(also stated on the product label). The probiotic was to be stored refrigerated (2-

8°C). 

6.4.4.2. Day 1 rush phase  

Treatment commenced with a day of rush dosing, during which participants 

received increasing doses of peanut OIT every 20 minutes to reach a final dose of 

12 mg of peanut protein (24 mg cumulative) as per Table 6-1. Peanut protein was 

sprinkled onto food (yoghurt not containing Lactobacillus rhamnosus). 

Participants also received a single dose of 2 ×1010 cfu probiotic (1 level scoop 

dissolved into water) prior to initiation of the peanut OIT doses during the rush 

phase.  

 

Table 6-1. Dosing schedule for day 1 rush induction 

Dose  Dosage 

Peanut Protein 

Cumulative 

Peanut Protein 

1 0.1 mg 0.1 mg 

2 0.2 mg 0.3 mg 

3 0.4 mg 0.7 mg 

4 0.8 mg 1.5 mg 

5 1.5 mg 3.0 mg 
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6 3.0 mg 6.0 mg 

7 6.0 mg 12 mg 

8 12 mg 24 mg 

 

6.4.4.3. Buildup phase 

Following the rush day, participants completed a buildup phase (target duration 

16 weeks) during which the daily dose of peanut protein was increased every 2 

weeks until a maintenance dose of 2 g was reached as per Table 6-2. Participants 

also took a fixed dose of 2 x1010 cfu probiotic or placebo (once daily) prior to the 

OIT treatment. 

Table 6-2. Dosing schedule for Buildup Phase (16 weeks) in the PPOIT-002 
trial 

Dose Dosage 

Peanut Protein 

9 25 mg 

10 50 mg 

11 100 mg 

12 200 mg 
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13 400 mg 

14 800 mg 

15 1200 mg 

16 1600 mg 

17 2000 mg 

 

6.4.4.4. Maintenance phase 

During the maintenance phase participants took a 2 g dose of OIT (peanut protein) 

and 2 x 1010 cfu probiotic daily at home until completion of the OIT protocol at 18 

months. 

6.4.4.5. Dose adjustment rules 

During the buildup phase, visits to RCH for updosing (updose visits) were 

scheduled every 2 weeks. The decision to proceed with a dose increase will be 

based on the dose adjustment rules described below. If a dose increase is deferred, 

the next dose increase will be at the next scheduled updose visit in 2 weeks. 

The following dose-adjustment rules were applied to reactions that occurred 

during the rush and buildup visit days:  

• If mild allergic symptoms without respiratory or cardiovascular 

involvement developed following a dose of OIT (urticaria, angioedema, vomiting, 

diarrhoea, abdominal pain), the dose was continued without adjustment. 

Symptoms could be treated with over the counter medicines (e.g. antihistamine, 

ibuprofen, paracetamol). The next scheduled dose increase proceeded 

uninterrupted provided the participant had been symptom free for at least 3 days 

prior to the scheduled updose day. The participant could be continued on 

antihistamine for prophylaxis against symptoms in the days leading up to the 
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updose day if the site investigator deemed this to be warranted. If allergic 

symptoms (following a dose of OIT) developed in the 3 days prior to a scheduled 

updose day, the dose increase didn’t proceed, and the current dose was continued 

for a further 2 weeks (until the next scheduled updose visit).  

• If moderately severe allergic symptoms developed following a dose of OIT 

without cardiovascular involvement (stridor, wheeze, difficulty breathing), the 

immediate next dose was reduced to the previous dose amount and continued for 

at least 10 days before proceeding with a dose increase. For example, if a 

moderately severe allergic reaction to OIT occurred within the first 4 days of a 

dose increase, the daily dose was reduced to the preceding dose amount for the 

remaining 10 or more days until the next scheduled updose visit whereupon the 

scheduled dose increase proceeded. However, if a moderately severe allergic 

reaction to OIT occurred 5 or more days after a dose increase, the daily dose was 

reduced to the preceding dose amount for the remaining 9 or fewer days until the 

next scheduled updose visit whereupon the reduced daily dose was repeated for a 

further 2 weeks (no dose increase). 

• If serious allergic symptoms of reduced blood pressure (BP) or loss of 

consciousness developed or if a participant had more than 4 severe adverse events 

(AE) that were ‘probably related’ study treatment during the buildup phase, OIT 

was discontinued. 

The following rules were applied for missed doses during buildup and 

maintenance phases: 

o If 1-4 days of OIT were missed, the participant continued with the usual 

dose at home. If this occurred during the buildup phase, the next scheduled updose 

was allowed to proceed as usual. 

o If 5-14 days of OIT were missed, OIT was recommenced at the participant’s 

last tolerated dose and was administered at RCH under medical supervision. If this 

occurred during the buildup phase, the daily dose must have been taken for a 

minimum of 2 weeks before the next updose was allowed to proceed.  
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o If 15-28 days of OIT were missed, OIT was recommenced at a reduced dose 

(the dose below the last tolerated dose) and was administered at RCH under 

medical supervision. If this occurred during either the updosing or maintenance 

phase, the reduced daily dose must have been taken for a minimum of 2 weeks 

before the next updose was allowed to proceed (that is, updosing schedule 

resumed or the dose increased back to the 2g maintenance dose, respectively). 

o If >28 days of dosing were missed, participants had to recommence OIT at 

Day 1. 

6.4.4.6. Oral immunotherapy treatment stopping rules 

o If severe allergic symptoms of reduced BP or loss of consciousness 

developed or if a participant required three or more doses of intramuscular 

adrenaline or required an intravenous adrenaline infusion for management of an 

anaphylactic reaction that was probably related to study treatment, OIT was 

discontinued. 

o If the participant had more than four severe adverse events that were 

probably related to study treatment during the buildup phase, OIT was 

discontinued 

Participants were able to withdraw from the trial at any time by their own volition 

with no impact on any future care they required in the Hospital or Allergy 

Department. 

6.4.4.7. Collection of study treatment from Pharmacy 

Upon successful completion of the Day 1 rush phase, participants collected a 2 

week supply of peanut protein from Pharmacy.   20 doses were provided for each 2 

week period, so that they were able to continue with their OIT in the event that 

they missed their appointment with RCH or a dose was accidentally spilt.  Unused 

doses had to be returned at their next visit. 
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The dose to be administered for each 2 week period was determined by trial staff 

performing the updosing procedure and was based upon the established criteria as 

outlined above. When participants reached the 2 g maintenance dose, they 

collected peanut protein sufficient to complete three months of OIT maintenance 

from RCH Pharmacy.  

Participants had to return unused doses and used treatment packaging to 

Pharmacy at each visit so that they may audit compliance. 

During buildup phase, clinical review with trial staff were performed at each 

hospital visit (2 weekly) to monitor progress and compliance, and to address any 

issues that arose. At final buildup visit, a pharmacist showed parent/guardian how 

to measure 2 g dose of peanut dose accurately. In two weeks from this visit 

parent/guardian demonstrated to a pharmacist how they had been measuring 

doses to ensure correct dosing of participant.  

During the maintenance phase, review of diary, compliance and progress occurred 

every 12 weeks. Clinical review; vital signs occurred every 3 months during the 

maintenance phase or more frequently when clinically indicated or requested by 

the parent/guardian or Principal Investigator. 

Probiotic were provided as a freeze dried powder (Health World). Probiotic were 

taken daily at a dose of 2x1010 cfu for the 18 month period of OIT mixed in water, 

soy milk or cow’s milk, at a temperature NOT exceeding 38 °C. Pharmacy 

dispensed a three month supply of probiotic each 3 months, which contained 

sufficient probiotic in case of spillage or delayed study visit. 

6.4.4.8. Medications/treatments permitted and not permitted 

before and during trial 

o Participants using beta blockers were excluded from the trial as this 

treatment can impair responsiveness to adrenaline in the event of severe allergic 

reactions. 
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o Participants were permitted to use any other medications or treatments 

they were prescribed. 

o Participants had to continue to strictly avoid all foods containing peanut. 

o Participants had to continue to strictly avoid probiotic supplements and 

foods containing LGG probiotic, for example some yoghurt preparations 

6.4.5. Outcomes 

6.4.5.1. Evaluation of tolerability 

Evaluation of time taken to complete the buildup phase  

The number of days taken to complete the buildup phase was determined from the 

day the study treatment was first taken (that is, on the rush day) until and 

inclusive of the day immediately before the participant took the first dose of 

maintenance dose. The proportion of children who completed the buildup phase 

within a 16-week period was calculated as a proportion of all enrolled participants 

who took at least one dose of study treatment. 

Detection of treatment emergent adverse events (AE) 

Treatment emergent Adverse Events (AE) were monitored and recorded as any 

untoward medical occurrence in a participant which did not necessarily have a 

relationship with the study treatment. At each visit/assessment, all untoward AE 

either observed by the investigator or one of the clinical staff, or recorded in the 

participant’s symptoms diary, or reported by the participant/caregivers 

spontaneously or in response to a direct question were evaluated and recorded by 

the investigator. Details including nature of each event, time of onset and 

resolution following study treatment administration, symptoms associated with 

the event, treatment required for the event were recorded in an electronic Adverse 

Event (CRF) in REDCap.  

The CRF template is included in the Supplementary material section of this chapter. 



 

208 

 

Assignment and classification/reclassification of AE  

In order to align practices for assignment and classification/reclassification of AE 

reported in PPOIT trials including PPOIT-002 and PPOIT-001[95], the following 

standardized procedures were followed: 

1. All AEs were downloaded from REDCap. 

2. Two qualified allergy specialists independently assessed each reported AE 

and assigned category of severity and attributed a relationship to study treatment. 

Severity grading for allergic reactions is summarised in Table 6-3. This was 

adapted from the National Health Institute (NIH) National Institute of Allergy and 

Infectious Diseases (NIAID) Consortium of Food Allergy Research (CoFAR) specific 

grading system for allergic reactions.  

Table 6-3. Severity Grading for treatment emergent adverse events (AE) 

 Adverse Event Serious Adverse Event 

 Grade 1 
(Mild) 

Grade 2 
(Moderate) 

Grade 3 
(Severe) 

Grade 4 (Life-
Threatening) 

Grade 
5 

(Death) 

Impact      

Duration Transient or 
mild 
discomforts 
(<48 hours). 

Mild symptoms 
that persist > 
48 hours 

  Death 

Activity Limitation None Mild-Moderate Marked Extreme  

Symptoms      

Pruritus x x x x  

Rash x x x x  

Swelling x x x x  

Abdominal 
Discomfort 

x x x x  

Vomiting  x x x  

Wheezing  x x x  

Hoarseness   x x  

Throat Tightness   x x  

Dyspnea   x x  

Hypoxia    x  



 

209 

 

 Adverse Event Serious Adverse Event 

 Grade 1 
(Mild) 

Grade 2 
(Moderate) 

Grade 3 
(Severe) 

Grade 4 (Life-
Threatening) 

Grade 
5 

(Death) 

Hypotension   x 
(transient) 

x (persistent)  

Consciousness    x (decreased)  

Interventions      

Intervention No/Minimal No/Minimal Parenteral 
required 

Parenteral 
required 

 

Hospitalisation  Possible Possible Probable  

Note: asthma requiring change in preventer therapy or oral steroids was considered moderate 
severity; asthma requiring repeated cycles of Ventolin was considered moderate severity; eczema 
requiring antibiotics or oral steroids was considered moderate severity.  

 

3. Non-allergic reactions were graded using the following definitions for 

severity: 

Mild Symptom was easily tolerated by the subject, caused minimal discomfort 

and did not interfere with everyday activities.  

Moderate:  Symptom caused sufficient discomfort to interfere with normal 

everyday activities and may have required over the counter medications. 

Severe: Symptom caused significant discomfort preventing everyday 

activities and may have required medical intervention.  

4. Causality of allergic reactions was determined using the following 

definitions: 

Probably 
Related:  

Objective signs of an IgE mediated allergic reaction (hives, 
angioedema, vomiting, anaphylaxis) occurring within 1 hour of 
the study treatment in the absence of other known allergic 
triggers for that subject. Symptoms could not be reasonably 
explained by a subject’s clinical state, environmental or toxic 
factors or other treatments taken by the subject. 

Possibly Related: Objective signs of an IgE mediated allergic reaction (hives, 
angioedema, vomiting, anaphylaxis) occurring more than 1 
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hour but less than 4 hours after taking the study treatment. 
Symptoms could not be reasonably explained by a subject’s 
clinical state, environmental or toxic factors or other 
treatments taken by the subject. 

Unlikely Related: Allergic symptoms occurring more than 4 hours after taking 
the study treatment, or 

Symptoms could be reasonably explained by a subject’s clinical 
state, environmental or toxic factor or other treatments taken 
by the subject e.g. exacerbation of asthma or eczema, or 

Symptoms did not follow a known pattern of response for the 
study treatment.  

Unrelated: Any event where an alternate cause is identified e.g. allergic 
reaction following exposure to another food allergen in a 
subject with known allergy to that allergen, or 

The AE does not meet the criteria for the other categories 
above.  

5. AEs where the independent assessors disagreed on either severity, 

attribution, or both were highlighted, and the assessors met in person to discuss 

reasons for their original decision and resolve disagreements.  

6. Remaining disagreements were presented to a third independent assessor 

(Principal Investigator Tang) and the following decisions were made to resolve all 

remaining disagreements: 

• If there was discrepancy between an AE report as documented by trial 

doctor whilst on call versus the participant's diary entry (either missing entry or 

missing diary), it was assumed that the trial doctor's file entry or CRF entry was 

accurate. The data would be included for analysis (that is, not excluded). 

• If symptoms reported by participants in the context of having an 

intercurrent illness (e.g. abdominal pain during gastroenteritis, abdominal 

pain/sneezing during URTI) could be explained by the intercurrent illness, then 

the symptoms should first and foremost be considered to be attributed to the 

intercurrent illness and therefore unrelated to the study treatment. 
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• Abdominal pain with change in demeanour but no documented change in 

level of activity and without vomiting or diarrhoea would be classified as mild. 

7. All AEs determined to be probably related or possibly related were included 

in the analysis dataset. 

6.4.5.2. Evaluation of efficacy 

For trial outcome measures, an oral DBPCFC with cumulative dose of 4950 mg 

peanut protein was performed at T2 (on the day immediately after the last day of 

OIT) to assess for desensitisation and at T3 (8 weeks after discontinuation of 

PPOIT; with a strict peanut elimination diet maintained between T2 and T3) to 

assess for sustained unresponsiveness (SU). 

Each DBPCFC was performed in two parts, Part A and Part B, performed on 2 

separate days. One part was the peanut protein (flour) and the other was a placebo 

(maltodextrin), each mixed in with an appropriate vehicle food. Both the trial team 

and participants were blinded to the contents of each part of the food challenge. 

The challenge was stopped if objective symptoms developed during the challenge 

procedure. The contents of Parts A and B of the DBPCFC were only unblinded if the 

participant tolerated one part and reacted to the other part of the DBPCFC; the 

components were not unblinded if the participants tolerated both parts of the 

DBPCFC or reacted to both parts of the DBPCFC. The DBPCFC was considered to be 

‘failed’ if the participant reacted to the peanut component and not the placebo 

component of the challenge, ‘passed’ if the participant completed both parts of the 

DBPCFC without objective symptoms, and ‘inconclusive’ if the participant reacted 

to both parts of the DBPCFC or to the placebo component of the DBPCFC.  

The food challenge dosing schedule is included in the Supplementary material 

section of this chapter. 

Participants who failed the DBPCFC at T2 were classified as allergic; those who 

passed the T2 DBPCFC underwent a second DBPCFC performed 8 weeks after 

treatment was completed (T3), during which time they strictly avoided peanut 
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intake between T2 and T3, to assess for SU. Those who passed the T2 DBPCFC 

were classified as desensitised. Participants who passed both the T2 and T3 

DBPCFCs were classified as having attained SU.  

Safety assessments included measurement of vital signs and participant weight, 

physical examination and review of participant diary. Participants were 

questioned regarding any changes experienced in their health and administration 

of any concomitant medication throughout their participation in the trial. 

6.4.5.3. Evaluation of Health-Related Quality of Life 

Health related quality of life assessments were conducted at screening (T0), T2 

and T3 by means of a validated Food Allergy Quality of Life Questionnaire -Parent 

Form (FAQLQ-PF) which was completed by the parent/caregiver of the participant. 

Health-Related Quality of Life data was not analysed and will not be reported as 

part this thesis. 

The food allergy quality of life questionnaire-parent form (FAQLQ-PF) is a disease-

specific health related quality of life (HRQL) questionnaire with excellent validity 

and reliability. This psychometric tool was developed to assess quality of life in 

children with food allergies (aged 0-12 years) and allows parents to report 

children’s HRQL from the child’s perspective. FAQLQ-PF is presented in a single 

form for all age groups (0-3; 4-6; 7-12 years) and is considered “user-friendly”. It 

contains 30 items, and the response scale ranges from 0 (minimal impairment in 

HRQL) to 6 (maximal impairment in HRQL). The measure has 3 subscales assessing 

3 factors found to be essential for assessing the global impact of food allergy on 

HRQL: general emotional impact, food anxiety and social and dietary limitations. 

The total score is calculated as the mean of items.  

The food allergy independent measure (FAIM) is a food allergy specific measure 

based on 6 questions included within the FAQLQ-PF, with a response scale from 0 

(extremely unlikely) to 6 (extremely likely). The questions assess the parent’s 

perception of the chance of an adverse outcome for the child with a food allergy.  
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The questions relate to:  

1. The chance of accidental exposure; 

2. The chance of a severe reaction on food exposure; 

3. The chance of dying from food exposure; 

4. The chance of a child effectively treating him/herself or receiving effective 

treatment, following a food allergic reaction; 

5. How many foods were avoided because of food allergy (categorized as 

single, 2, multiple >2); 

6. How much food allergy limits the type of activities that the child can take 

part in. 

6.4.5.4. Immunological assessments 

The following immunological assessments, evaluating effects of combined 

probiotic and peanut OIT (PPOIT) on systemic immune responses, were conducted 

as part of PPOIT-002 study. The doctoral candidate focused on peanut and peanut 

component specific-IgE (sIgE) and specific-IgG4 (sIgG4) as part of this thesis. 

• Serum and plasma samples were stored at -80ºC for batch measurement of 

peanut and peanut component (Ara h1, h2, h3, h8 and h9) sIgE and sIgG4; 

• Peripheral blood mononuclear cells were isolated and cryopreserved in 

liquid nitrogen for future immune studies. These samples were not used to 

generate data for this thesis.  

• Stool samples were collected at T0, T1, T2 and T3. These samples were not 

used to generate data for this thesis. 



 

214 

 

6.4.6. Statistical methods 

No formal statistical analysis plan was generated prior to commencement of the 

trial.  

6.4.6.1. Sample size calculation 

No formal calculations were made for sample size for this pilot trial. The trial 

aimed to recruit 20 children with peanut allergy. 

6.4.6.2. Analysis populations 

• Safety Analysis Set: The safety analysis set included all participants who 

were administered at least 1 dose of study treatment, including those who may 

have withdrawn prior to trial completion.  

Safety data was presented for all participants in the safety analysis set and 

summarised by the treatment phase at onset (i.e. rush phase, buildup phase, 

maintenance phase). 

• Efficacy Analysis Set: Efficacy data is presented for all participants who 

were administered study treatment, including those who may have withdrawn 

prior to trial completion.  

• The full analysis set (FAS) for efficacy included all participants who 

received at least 1 dose of study treatment and who had at least one efficacy 

assessment for the T2 and T3 trial endpoints. 

6.4.6.3. Analysis of efficacy data 

Efficacy assessments were summarised with descriptive statistics.  

Statistical comparisons for sIgE and sIgG4 parameters were performed between 

timepoints using an unmatched Mann-whitney ranksum test. 

For SPT wheal size parameters, statistical comparisons between timepoints were 

performed using an unpaired t test. 
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Desensitisation to Peanut: 

The number and percentage of participants who achieved desensitisation to 

peanut were presented for all participants. Desensitisation was defined as the 

ability to tolerate 4950 mg of peanut protein (cumulative dose) during the end of 

treatment DBPCFC following 18 months of treatment (T2). A participant was 

considered to have desensitisation to peanut if they passed the DBPCFC at the T2 

visit. 

Sustained Unresponsiveness (SU) following 18 months of treatment: 

The number and percentage of participants who achieved SU at the T3 DBPCFC 

was presented for all participants. SU was defined as the ability to tolerate 4950 

mg of peanut protein (cumulative dose) during the DBPCFC conducted 8 weeks 

after treatment cessation (T3). A participant was considered to have an SU to 

peanut if they passed the DBPCFC at the T3 visit. 

6.4.7. Safety features of the trial 

6.4.7.1. Prior to the dose-escalation study visit the trial nurse 

instructed the participant as follows: 

 Participant should not do strenuous exercise for 4 hours post a dose of 

study treatment 

 Participant should have a big meal with carbohydrates prior to the dose of 

study treatment. 

 If the participant is unwell or having febrile illness / respiratory illness (for 

example uncontrolled asthma) /gastroenteritis then the dose could be 

withheld. 

 Asthma and allergic rhinitis must be optimally controlled throughout the 

trial.  



 

216 

 

6.4.7.2. Monitoring of safety 

Consideration was given to the safety of the participants with appropriate 

monitoring. All participants were monitored by a nurse (under supervision of a 

trial doctor) for 2 hours after a dose increase for signs of allergic reactions 

following OIT administered at the MCRI/RCH. All patients were contacted by 

phone the day following updosing of their immunotherapy. All participants were 

provided with an Anaphylaxis Action Plan and an EpiPen/EpiPen Jr and educated 

in the management of allergic reactions (standard care for peanut allergy). If a 

reaction occurred when the child was at home, they were to follow the Anaphylaxis 

Action Plan, and notify the On-Call Trial Personnel. Dose adjustment rules were 

developed to ensure that dose escalation only occurred if safe to proceed. Trial 

stopping rules were in place to ensure that participants did not continue treatment 

when there were safety concerns.  

Frequent safety and efficacy assessments were planned during the trial period to 

capture relevant data. 

6.4.7.3. Recording and reporting adverse events 

The investigators team met regularly to monitor the conduct and progress of 

research. Annual reports were submitted to the RCH HREC to report on trial 

progress. 

A data and safety monitoring committee (DSMC) was identified, comprising a 

biostatistician (A/Professor Lyle Gurrin), and two paediatric allergist 

immunologists (Professor John Ziegler, University of New South Wales and Dr 

Brynn Wainstein, Sydney Children’s Hospital). Professor Ziegler agreed to act as 

the Chairperson of the DSMC and the Safety Medical Officer. The DSMC met (by 

teleconference) 3 monthly or as needed; any serious adverse event (SAE) was 

reported to both the DSMC and RCH HREC within 24hr of the principal investigator 

becoming aware of the event. 
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Serious adverse event were to be reported immediately to the Safety Medical 

Officer and the DSMC as well as the Human Research Ethics Committee and 

returned study treatment sachets would be analysed if requested by the DSMC. 

Suspected Unexpected Serious Adverse Reactions (SUSARS) were to be reported to 

the Therapeutic Goods Association and Human Research Ethics Committee. 

6.4.8. Ethics and trial registration 

6.4.8.1. Independent ethics committee  

The trial protocol and participant informed consent were approved by the Royal 

Children’s Hospital (RCH) Human Research Ethics Committee (HREC) for the 

Murdoch Children’s Research Institute (MCRI) based at the RCH (HREC 35207, 

19/11/2015). The Investigators did not participate in the Committee’s decisions. 

Approval was received in writing from the HREC prior to initiating the trial. All 

amendments were submitted to the HREC for review and approval prior to 

implementation. The trial is registered with ACTRN12615001275550, registered 

23/11/2015 and was acknowledged under the Clinical Trial Notification Scheme. 

6.4.8.2. Ethical Conduct of the Trial  

The trial was conducted in accordance with the principles of International Council 

for Harmonisation (ICH) of Technical Requirements for Pharmaceuticals for 

Human Use (ICH) Guideline for Good Clinical Practice (GCP), (E6)(R2) and the 

Declaration of Helsinki (2013). 

6.4.8.3. Study Participant Information and Consent 

As this trial involved enrolling paediatric participants 1 year to 12 years of age, it 

was necessary to obtain the consent of the parent or legal guardian of the 

paediatric participants. The parent/guardian of all prospective participants was 

provided with a Parent/Guardian Information Statement and Consent form 

(PGISCF) approved by the RCH HREC. The Investigators or delegates provided the 

Information Statement to parents prior to the screening visit to read and review in 

a timely manner and ask any questions that he/she had in order to fully 
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understand the nature of the trial, and any risks and procedures involved. Full 

written informed consent was obtained from all parent/guardians during the pre-

screening process, and before any trial-specific procedures were performed. 

Participants were advised that they were able to refuse to participate in, or to 

withdraw from the trial at any time, and that the medical care they received would 

not be affected by their decision regarding participation in the trial.  
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6.5. Risks and benefits  

The key risks to participants were: 

Risk of severe allergic reaction (anaphylaxis) as a result of peanut OIT or at the 

time of peanut challenge  

Risk of discomfort during clinical procedures (cannulation, skin prick test, blood 

and saliva tests) 

Despite the normal presence of lactobacillus species in the human gastrointestinal 

tract, rarely they have been reported to cause bacterial sepsis. Invasive infection 

due to lactobacillus species has been reported in the form of sepsis, pneumonia 

and liver abscesses. However such reports have exclusively been in patients with 

severe underlying gastrointestinal tract disease/dysfunction[149-152] and/or 

immunocompromised states[153 154] . A systematic review of safety of probiotics 

concluded that individuals at high risk of complication from use of probiotics 

included those with immune-compromised states, post-cardiac and/or 

gastrointestinal tract surgery, critically-ill and those requiring prolonged 

hospitalisation[155]. Such patients and patients with severe gastrointestinal tract 

disease or dysfunction will be excluded from this trial. There is no evidence at a 

population level that increased use of supplemental LGG causes an increase in 

population incidence of lactobacillus sepsis[156]. LGG sepsis in immunocompetent 

children has not been reported 

6.5.1. Potential benefits 

A previous HREC approved trial (HREC 27086) demonstrated the effectiveness of 

combined probiotic and peanut OIT (PPOIT) for the induction of sustained 

unresponsiveness (tolerance) and desensitisation in children with peanut 

allergy[25]. Just over 80% of children who received the active PPOIT treatment 

were able to tolerate peanut at the end of the trial compared with only 4% of 

children who received placebo. In that trial, the dose of peanut protein was 

increased over 8 months, during which time the child was required to attend 
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hospital every 2 weeks. A regimen of treatment with a shorter buildup phase 

would offer a more feasible and acceptable (to families) approach to treatment in 

the clinical setting.  
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6.6. Supplementary material 

Schedule of treatment 

VISIT Screening 
 (pre-study) 

T0 
RUSH 

day 
(b) 

BuildUp 
phase  

(d) 

T1 
Maintenance 

phase 
(g) 

T2 
(final day of 

study 
treatment) 

T3  
(8 weeks after 

end of study 
treatment) 

Month of Study 0 0 1-4 5-18 18 20 

Week of Study 0 0 1-16 16-78 78 86 

Allergy history X X X X X X 

Vital Signs X X X X X X 

Weight X X X X X X 

Medical history X     X 

QOL survey X    X X 

Skin prick test X X   X X 

Informed Consent X      

Inclusion/exclusion 
criteria  

X      

OIT  X     

Blood & faecal sample  X (e)   X (e) X (e) 

Anaphylaxis education  X X X X X 

Diary dispensed  X X X   

Anaphylaxis action plan 
& EpiPen prescribed 

  
X 

    

OIT dispensed  X (c) X (c,f)  X (h)   

Diary Review   X X   

All Medication collected 
for compliance 

  X X   

AE & medication review   X X X X 

Food challenge X(a)    X (i) X(j) 

Peanut Consumption 
Questionnaire 

      

Abbreviations: AE=adverse event; OIT=oral immunotherapy; QOL=Quality of Life 

a. DBPCFC results from PPOIT-001 T9 food challenge used if applicable and conducted within ≤ 3 months of screening 
date 

b. Participant admitted to Australian Paediatric Pharmacology Research Unit for rush day to receive increasing dosing of 
peanut protein every 20 minutes  

c. 2-week supply dispensed 

d. 1 visit every 2 weeks for 16 weeks (2-week supply dispensed) 

e. Blood samples was collected at the same time as cannulation in preparation for rush day or food challenge procedure 

f. Increased dose administered at clinic visit and continued daily at home (if no reaction at clinic visit) 

g. Diary, AE and compliance review every 12 weeks for 40 weeks (12-week supplies dispensed) 

h. Same dose of 2 g peanut protein each day for this period 

i. Food challenge on the day after the final day of treatment  

j. Food challenge 8 weeks after the final day of treatment  

k. SPT conducted at T4 visit and prior to T4 DBPCFC for those participants who opted to take the challenge 

l. Food challenge 14 months after the final day of treatment 

m. Peanut consumption questionnaire administered every 6 months from the 12-month post treatment visit (T4) 
through to the 3-year post-treatment visit.   
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Adverse Event Case Report Form (CRF) in REDCap 
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Food challenge dosing schedule 

Food Challenge A began with giving doses from container A as follows: 

Dose  Dose (Peanut Protein) Weight     Cumulative Dose (Peanut protein) 

1  80 mg    160 mg  80 mg 

2 160 mg   320 mg  240 mg 

3 320 mg   640 mg   560 mg 

4 640 mg   1280 mg  1200 mg 

5 1250 mg   2500 mg  2450 mg 

6  2500 mg   5000 mg  4950 mg 

The doses were administered at 15 minute intervals, if the participant had not had 

a reaction to the previous dose.  The participant was observed for a minimum of 

two hours following Food Challenge A. The patient was discharged home if no 

adverse reactions were noted. 

Food Challenge B continued with giving doses from container B as follows: 

Dose  Dose (Peanut Protein) Weight     Cumulative Dose (Peanut protein) 

1  80 mg    160 mg  80 mg 

2 160 mg   320 mg  240 mg 

3 320 mg   640 mg   560 mg 

4 640 mg   1280 mg  1200 mg 

5 1250 mg   2500 mg  2450 mg 

6  2500 mg   5000 mg  4950 mg 
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The doses were administered at 15 minute intervals, if the participant had not had 

a reaction to the previous dose. The participant was observed for a minimum of 

two hours following Food Challenge B. The patient was discharged home if no 

adverse reactions were noted. 
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6.7. Chapter summary 

PPOIT-002 was a single-arm, open-label trial of probiotic and peanut OIT (PPOIT) 

for 18 months in 20 children with peanut allergy, using an accelerated dose-

escalation schedule for the buildup phase. All other aspects of treatment and trial 

designs were similar to the earlier PPOIT-001 trial.  

In Chapter 7, the doctoral candidate presents findings from the PPOIT-002 trial. 
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Chapter 7. Results: Clinical effects of PPOIT in 

the PPOIT-002 single-arm, open-label pilot trial 

7.1. Introduction  

In Chapter 6, the doctoral candidate presented the rationale, aims and methods of 

the PPOIT-002 trial, a single-arm, open-label trial of a combined probiotic and 

peanut oral immunotherapy (PPOIT) using an accelerated dose escalation schedule. 

This chapter presents the findings in relation to participants’ clinical response to 

treatment and discusses the implications of the findings. 
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7.2. Abstract 

7.2.1. Background 

Combined probiotic and peanut oral immunotherapy (PPOIT) was highly effective 

at inducing desensitisation (89.7% PPOIT vs 7.1% placebo, p<0.001) and 2 week 

sustained unresponsiveness (82.1% PPOIT vs 3.6% placebo, p<0.001) after 18 

months of treatment as shown in a double-blind placebo-controlled randomised 

trial (PPOIT-001) involving 62 children with peanut allergy[95]. Accelerated 

immunotherapy dose escalation schedules permit more rapid achievement of a 

therapeutically effective dose and more rapid desensitisation protection with less 

inconvenience for patients than conventional schedules[157]. The PPOIT-002 trial 

evaluates the efficacy and tolerability of an accelerated dose escalation schedule 

for the buildup phase. 

7.2.2. Method 

20 children (aged 1-12 years) with peanut allergy, confirmed by study entry (T0) 

double blind placebo controlled food challenge (DBPCFC) with total cumulative 

dose of up to 4950mg peanut protein, were enrolled. Participants received 18 

months PPOIT treatment using an accelerated dose escalation schedule for the 

buildup phase. All adverse events (AE) were graded using a standardised approach 

based on a system developed by National Institute of Health (NIH) Consortium for 

Food Allergy Research (CoFAR) in conjunction with Food and Drug Administration 

(FDA, USA). Number of participants affected by AE and rate of AE per 100 doses of 

study treatment taken were calculated.  

Desensitisation, defined as passing a 4950 mg peanut protein DBPCFC at end-of-

treatment (T1), and 8-week sustained unresponsiveness (SU), defined as passing a 

4950 mg peanut protein DBPCFC 8-weeks post-treatment (T2), were assessed. A 

sensitivity analysis setting all non-treatment completers as non-responders was 

performed. Immunologic parameters including peanut skin prick test wheal size, 

whole peanut and peanut component (Ara h1, h2, h3, h8 and h9) specific-IgE (sIgE) 

and specific-IgG4 (sIgG4) were evaluated at T0, T1 and T2. Between timepoint 
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comparisons were done using parametric methods (t-test) for normally 

distributed data and non-parametric methods (Mann-Whitney) for skewed data. 

7.2.3. Results  

Sixteen children (75%) completed study treatment. 2 withdrew during buildup 

phase and 2 withdrew during maintenance phase. 30% (6/20) completed buildup 

phase within a 16-week period. 85% (17/20) of participants reported at least one 

AE. 174 probably or possibly related AE were recorded. 93.1% (162) of these AE 

were mild in severity. 62.6% (109) were recorded during the buildup phase. 

Gastrointestinal tract symptoms were the most frequently reported (67.2% of AE). 

35% (7/20) of participants reported at least one AE of moderate severity or 

greater. Median rate of AE of any severity per 100 doses taken by treatment 

completers was 1.0 [interquartile range (IQR) 0.4, 2.4]. Median rate of AE of at 

least moderate severity per 1000 doses taken was 0.0 (range 0.0, 5.2). AE rates 

were comparable to PPOIT-001[95]. 

Desensitisation was achieved in 94% (15/16) and 8-week SU was achieved in 75% 

(12/16) of participants who completed study treatment. Sensitivity analysis 

including all enrolled participants and assigning all study withdrawals as non-

responders confirmed high clinical response rates of 75% desensitisation and 60% 

8-week SU. Peanut skin prick test wheal size reduced significantly by end of 

treatment (at T2 p <0.001, at T3 p = 0.008). Whole peanut and Ara h2 sIgE reduced 

significantly by end of treatment (peanut: at T2 p = 0.011, at T3 p = 0.010; Ara h2: 

at T2 p = 0.040). Peanut, Ara h1, Ara h2 and Ara h3 sIgG4 all increased significantly 

by end of treatment (peanut: at T2 p < 0.001, at T3 p < 0.001; Ara h1: at T2 p = 

0.004, at T3 p = 0.005; Ara h2: at T2 p < 0.001, at T3 p < 0.001; Ara h3: at T2 p < 

0.001, T3, p < 0.001).     

7.2.4. Conclusions 

This single-arm open-label study demonstrates the tolerability of PPOIT using an 

accelerated dose escalation schedule. Treatment using this modified PPOIT 

treatment schedule induces both desensitisation and 8-week SU at rates similar to 



 

231 

 

the original treatment schedule previously evaluated in the PPOIT-001 

randomised trial. There is earlier achievement of 2-gram maintenance dose and 

the percentage of participants affected by AE is comparable to conventional 

schedules.  
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7.3. Results  

7.3.1. Participants 

PPOIT-002 trial participant flow is shown in Figure 7-1. Twenty children with 

peanut allergy [mean (SD) age 8.2 (3.0) years, 30% females] were enrolled. Study 

entry, T0, mean (SD) peanut skin prick test size was 12.3 (4.5) mm (Table 7-1). All 

enrolled participants completed rush phase. During the buildup phase, 2 

participants withdrew, leaving 18 participants completing buildup phase and 

starting 2-gram maintenance dose. During maintenance phase, 2 participants 

withdrew, leaving 16 who completed treatment as per protocol. All 16 treatment 

completers attended the end of treatment visit (T2), and the 8 weeks post-

treatment visit (T3). 
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Figure 7-1. Participant flow in the PPOIT-002 trial 

 

DBPCFC=double-blind placebo-controlled food challenge; SPT=skin prick test 
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Table 7-1. Demographics of participants in the PPOIT-002 trial and in the 
PPOIT (active treatment) group of the PPOIT-001 trial 

 PPOIT-002 Trial 

 

PPOIT-001 Trial  

PPOIT (active 
treatment) group 

 n=20 n=31 

Age (y)   

Median (IQR) 8.36 (6.34, 10.83) 6.04 (4.35, 7.50) 

Mean (SD) 8.2 (3.0) 6.2 (2.4) 

Male sex   

n (%) 14 (70) 17 (55) 

History of doctor-diagnosed 
eczema (ever) 

  

n (%) 8 (40) 24 (77) 

History of doctor-diagnosed 
asthma (ever) 

  

n (%) 3 (15) 16 (52) 

Peanut SPT wheal size (mm) 
at T0 

  

Mean (SD) 12.3 (4.5) 17.3 (6.2) 

IQR = interquartile range, SD = standard deviation, SPT = skin prick test 
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7.3.2. Treatment withdrawals 

In the PPOIT-002 trial, 4 participants withdrew during treatment, with 2 during 

the buildup phase and 2 during the maintenance phase. Characteristics of 

participants who withdrew are provided in Table 7-2. One participant withdrew 

26 days after rush, whilst still on the buildup phase due to lack of compliance with 

treatment protocol. One participant withdrew at 176 days, or just over 25 weeks, 

after RUSH, during the maintenance phase due to the family’s relocation to 

overseas. Given that adequate study oversight could not be provided and the ethics 

approval did not extend to continuation of treatment whilst overseas, the 

participant withdrew from the study. Patient/caregivers decision to withdraw 

accounted for the remaining two withdrawals - one of these participants (idno 20) 

reported frequent gastrointestinal symptoms leading to the family’s initiation of 

withdrawal at 70 days after rush. This participant had developed sneezing, 

rhinorrhea and persistent cough when he was on a 25 mg buildup dose whilst at 

home. Dose modification rules were followed and he subsequently tolerated dose 

escalation to 100mg buildup dose Whilst on 100mg and despite premedication 

with oral antihistamine and taking treatment with food as per study protocol, he 

vomited within 30-60 minutes of a number of dose. There was no cutaneous, 

cardiovascular or respiratory manifestation. The participant discontinued 

treatment and subsequently withdrew consent to remain in the study. His 

gastrointestinal symptoms resolved shortly after treatment discontinuation. The 

other participant (idno 8) reported frequent Grade 1 symptoms (including 

cutaneous hives, sneezing, rhinorrhea and abdominal pain) whilst on 2000 mg 

maintenance dose and lifestyle restrictions (physical activity restriction post 

taking dose) leading to the family’s initiation of withdrawal at 266 days or 38 

weeks after rush phase, during the maintenance phase. 
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Table 7-2. Characteristics of participants who withdrew 

Participant ID 11 20 8 15 

Age (baseline) 7.6 2.8 9.7 8.7 

Sex Male Male Male Male 

Peanut SPT (mm) at 
baseline 

17.5 9.5 10 12.5 

Peanut sIgE (kUA/L) 
at baseline 

100 100 100 7.8 

Date of rush 11/02/2016 16/02/2016 14/01/2016 09/02/2016 

Date of withdrawal 08/03/2016 26/04/2016 06/10/2016 03/08/2016 

Days after rush 26 70 266 176 

Withdrawal phase 
(Rush/BuildUp/Maint
enance) 

Buildup Buildup Maintenance 
Maintenanc

e 

Reason for withdraw 
Lack of 
patient 

compliance 

Patient/Caregivers 
decision to 
withdraw# 

Patient/Caregivers 
decision to 
withdraw## 

Relocated 
while in the 

study 

#Frequent gastrointestinal symptoms leading to family initiated withdrawal 

##Frequent symptoms and lifestyle restriction leading to family initiated 

withdrawal 
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7.3.3. Proportion of children who completed buildup phase 

and reached maintenance dose at 16 weeks 

Eighteen (18) enrolled participants completed the buildup phase. The median time 

to reach maintenance phase was 18.0 weeks (IQR 2.0 weeks). Of the participants 

who completed the buildup phase (n=18), 6 (30%) completed buildup within a 16 

week period (Table 7-3).  

Table 7-3. Summary of Buildup phase completion 

 All Participants (N=20) 

Completion of buildup phase within a 16-week 
period 

 

Yes, completed in ≤ 16 weeks 6 (30%) 

No, completed in > 16 weeks 12 (60%) 

Did not complete Buildup phase 2 (10%)*  

*Frequent gastrointestinal symptoms leading to family initiated withdrawal 

Of the 12 participants who did not complete buildup within a 16-week period, 6 

had their buildup up phase delayed due to logistic reasons, unrelated to dose 

modification/reduction or adverse events. Three started buildup phase at a dose 

lower than 25 mg (Participant 06 = 0.4mg, Participant 10 = 12 mg, Participant 17 = 

3 mg), post rush day, which according to protocol extends the buildup phase due to 

rush doses being incorporated into the dose escalation schedule. In addition, their 

buildup phase was also in part delayed due to logistic reasons. One participant 

(idno 10)’s buildup phase was further delayed due to experiencing side effects and 

remained on 25mg dose for 8 weeks.  

Three participants who started buildup phase at 25 mg, had delayed buildup phase 

due to treatment associated reactions. One participant (idno 8) had a moderate 

severity reaction to the 25 mg buildup dose at home and was required to reduce 

his daily dose within 10 days of shceduled updose, which according to protocol 

requires deferral of the buildup visit. This resulted in an additional buildup visit. 

Another participant (idno 12) had a moderate severity reaction to the 50 mg 
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buildup dose on the day of scheduled updose and was continued on 25 mg for 4 

weeks. This participant did not have other treatment related delays. One 

participant (idno 16) had an allergic reaction within 3 days of a scheduled updose, 

necessitating extension of the same dose by 2 weeks as per treatment protocol.  

7.3.4. Concordance in assignment and classification of 

adverse events (AE)  

Classification of severity and relationship to study treatment were performed by 

two independent allergists. In summary, there was 62.5% (170/272) concordance 

between independent assessors’ initial classifications, with 8.8% initial 

disagreement on severity, 26.5% initial disagreement on relationship and 2.2% 

initial disagreement on severity and relationship. 58 of the 102 disagreements 

were resolved after joint-review of data by the two assessors and the remaining 44 

disagreements were resolved with the input of a third independent assessor. Of 

272 reported events, 174 AE were assessed as probably and possibly related to 

study treatment and included in analyses. 

7.3.5. Analysis of probably and possibly related adverse 

events (AE)  

A summary of all probably and possibly related AE is presented in Table 7-4. A 

total of 174 probably or possibly related AE were reported by study participants 

during the treatment period. 15% (3/20) of treated participants experienced no 

AE throughout the treatment period. 85% (17/20) experienced at least 1 AE. The 

majority of AE were reported during the buildup phase (62.64%). 35.63% of 

adverse events were reported during the maintenance phase. Over 90% of all 

probably and possibly related adverse events were mild. Gastrointestinal tract 

symptoms were the most commonly reported (67.24%), followed by cutaneous 

(29.31%) and upper respiratory tract (24.14%) symptoms. 

130 (75%) of all AE were reported by the 16 (80%) participants who completed 

the study. In both treatment completers and treatment non-completers, the 

majority of AE were mild (94.62% and 88.64% respectively). Moderate severity AE 
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were the second most common (3.08% and 9.09% respectively). In both groups, 

gastrointestinal tract symptoms were the most reported events (63.85% and 

77.27% respectively). 

PPOIT-002 treated participants experienced a median of 6 AE each (IQR 2, 13; 

range 0, 30). This equates to a median of 1.0 AE per 100 treatment doses taken 

(IQR 0.4, 2.4; range 0.0, 5.3). 

  



 

240 

 

Table 7-4. Characteristics of individual adverse events that were probably or 
possibly related to PPOIT treatment 

 PPOIT-2  
All enrolled 

PPOIT-2 
Treatment 
completers 

PPOIT-2 
Withdrawals 

Number of Participants, n 20 16 4 

Total number of Adverse 
Events 

174 130 44 

    

Study treatment phase 
when reaction occurred 

   

Rush, n (%) 3 (1.72) 3 (2.31) 0 (0.00) 

Buildup, n (%) 109 (62.64) 81 (62.31) 28 (63.64) 

Maintenance phase, n (%) 62 (35.63) 46 (35.38) 16 (36.36) 

    

Allergic reactions    

Maximum intensity of the 
allergic reaction event 

   

Grade 1 - Mild, n (%) 162 (93.10) 123 (94.62) 39 (88.64) 

Grade 2 - Moderate, n (%) 8 (4.60) 4 (3.08) 4 (9.09) 

Grade 3 – Severe, n (%) 4 (2.30) 3 (2.31) 1 (2.27) 

Grade 4 - Life threatening, n 
(%) 

0 (0.00) 0 (0.00) 0 (0.00) 

    

Classification of the 
relationship 

   

Probably related, n (%) 117 (67.24) 96 (73.85) 21 (47.73) 

Possibly related, n (%) 57 (32.76) 34 (26.15) 23 (52.27) 

    

Adverse event by organ 
involvement 

   

Any skin involvement, n (%) 51 (29.31) 36 (27.69) 15 (34.09) 

Any gastrointestinal tract 
involvement, n (%) 

117 (67.24) 83 (63.85) 34 (77.27) 

Any upper respiratory tract 
involvement, n (%) 

42 (24.14) 23 (17.69) 19 (43.18) 

Any lower respiratory tract 12 (6.90) 8 (6.15) 4 (9.09) 
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involvement, n (%) 

Any cardiovascular 
involvement, n (%) 

1 (0.57) 1 (0.77) 0 (0.00) 
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7.3.6. Comparison of PPOIT-002 and PPOIT-001 participants 

who experienced any AE of at least moderate severity 

We performed post-hoc comparison of PPOIT-002 and PPOIT-001 participants 

who received active (PPOIT) treatment and who reported any AE of at least 

moderate severity (Table 7-5). The proportion of participants who reported AE in 

PPOIT-002 and in the active treatment arm of PPOIT-001 were similar. In PPOIT-

002, 35% of participants reported at least one AE of at least moderate severity. 5% 

of participants experienced at least one AE during the rush phase. 20% 

experienced at least one adverse event during the buildup phase and 20% during 

the maintenance phase. These proportions are comparable to PPOIT-001 active 

treatment participants, 48% of whom experienced at least one AE of at least 

moderate severity. 35% of participants experienced at least one adverse event 

during PPOIT-001 buildup up phase.  
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Table 7-5. Number and proportion of participants affected by any adverse 
event of at least moderate severity 

 

PPOIT-002 
Trial 

PPOIT-001 Trial 

PPOIT (active treatment) 
group# 

Number of Participants Enrolled 20 31 

Patients who had at least one AE, N (%*) 7 (35) 15 (48) 

Patients who had at least one AE during rush, N 
(%*) 1 (5) 1 (3) 

Patients who had at least one AE during Buildup, N 
(%*) 4 (20) 11 (35) 

Patients who had at least one AE during 
Maintenance, N (%*) 4 (20) 6 (19) 

   Number of moderate-severe-serious AE per 
patient  

  Overall (rush, Buildup, Maintenance) 

  0 13 (65) 16 (52) 

1 4 (20) 7 (23) 

2 2 (10) 2 (6) 

3 0 (0) 3 (10) 

4 1 (5) 3 (10) 

During rush 

  0 19 (95) 30 (97) 

1 1 (5) 1 (3) 

2 0 (0) 0 (0) 

3 0 (0) 0 (0) 

4 0 (0) 0 (0) 

During Buildup 

  0 16 (80) 20 (65) 

1 3 (15) 6 (19) 

2 1 (5) 2 (6) 

3 0 (0) 2 (6) 

4 0 (0) 1 (3) 

During Maintenance 
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0 16 (80) 25 (81) 

1 2 (10) 3 (10) 

2 2 (10) 2 (6) 

3 0 (0) 0 (0) 

4 0 (0) 1 (3) 

#Data from PPOIT (active treatment) group of the PPOIT-001 trial are summarized here 
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7.3.7. Comparison of AE of at least moderate severity 

reported by PPOIT-002 and PPOIT-001 participants 

Twelve AE of at least moderate severity were reported by PPOIT-002 participants 

(n=20). These events were evenly spread between rush/buildup phase and 

maintenance phase (50% maintenance). 83% of AE of at least moderate severity 

involved the lower respiratory tract (Table 7-6).  

By comparison, 32 AE of at least moderate severity were reported by PPOIT-001 

participants  (n=32) in the PPOIT (active treatment) group. AE most frequently 

occurred during the buildup phase (63%). Gastrointestinal symptoms were the 

most frequently reported AE of at least moderate severity (50%).  

The median overall number of AE of at least moderate severity was 0.0 (range 0.0, 

3.8) per 1000 doses taken in the PPOIT-002 group as compared with 0.0 (range 

0.0, 7.9) per 1000 doses taken in the PPOIT-001 group. During the maintenance 

phase, the median number of AE of at least moderate severity reported by PPOIT-

002 and PPOIT-001 active participants were were 0.0 (range 0.0, 5.2) and 0.0 

(range 0.0, 17.2) per 1000 maintenance doses taken, respectively.  
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Table 7-6. Characteristics of individual AE of at least moderate severity 

 PPOIT-002 Trial PPOIT-001 Trial 

PPOIT (active 
treatment) group# 

Total number of Adverse Events 12 32 

Study treatment phase when reaction occurred   

Rush phase, n (%) 1 (8) 1 (3) 

Buildup phase, n (%) 5 (42) 20 (63) 

Maintenance phase, n (%) 6 (50) 11 (34) 

   

Allergic reaction   

Maximum intensity of the allergic reaction event   

Grade 2 - Moderate, n (%) 8 (67) 29 (91) 

Grade 3 – Severe, n (%) 4 (33) 2 (6) 

Grade 4 - Life threatening, n (%) 0 (0) 1 (3) 

   

Classification of the relationship   

Probably related, n (%) 8 (67) 16 (50) 

Possibly related, n (%) 4 (33) 16 (50) 

   

Adverse event by organ involvement   

Any skin involvement, n (%) 2 (17) 11 (34) 

Any gastrointestinal tract involvement, n (%) 5 (42) 16 (50) 

Any upper respiratory tract involvement, n (%) 5 (42) 10 (31) 

Any lower respiratory tract involvement, n (%) 10 (83) 10 (31) 

Any cardiovascular involvement, n (%) 1 (8) 1 (3) 

#Data from PPOIT (active treatment) group of the PPOIT-001 trial are summarized here 

 



 

247 

 

7.3.8. Clinical efficacy of PPOIT in the PPOIT-002 trial 

All participants enrolled in PPOIT-002 and who received at least one dose of PPOIT 

and who had at least one post-dose efficacy assessment were included for the 

desensitisation (T2) and 8-week SU (T3) outcome evaluation.  

Desensitisation was achieved in 94% (15/16) and 8-week sustained 

unresponsiveness was achieved in 75% (12/16) of participants. Sensitivity 

analysis setting all non-treatment completers as non-responders was performed. 

Sensitivity analysis showed that 75% (15/20) and 60% (12/20) of participants 

achieved desensitisation and SU respectively. 

Peanut skin prick test (SPT) wheal size decreased significantly from study entry to 

end of treatment (p=0.001). This reduction was sustained at 8 weeks post 

treatment completion (p=0.008). Desensitisation and SU rates and Skin prick test 

wheal size data is shown in Table 7-7. Clinical outcomes in the PPOIT-002 trial 

were comparable with those of the PPOIT (active treatment) group in the PPOIT-

001 trial.  

In addition, there was a significant positive association between cumulative dose 

of OIT taken and 8-week SU (coefficient 90766.66, p=0.008) and a trend towards a 

positive association between cumulative dose taken and desensitisation 

(coefficient 59619.41, p=0.053; Data included in the Supplementary material 

section of this chapter). 
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Table 7-7. Clinical outcomes of participants in the PPOIT-002 and PPOIT-001 
trials 

 

PPOIT-002 Trial PPOIT-001 Trial 

PPOIT (active treatment) 
group# 

Double blind placebo controlled 
food challenge (DBPCFC) 

n/N (%) n/N (%) 

Sustained unresponsiveness (SU) 12/16 (75) 23/28 (82) 

Sustained unresponsiveness (SU), 
sensitivity analysis^ 

12/20 (60) 23/31 (74) 

Desensitisation  15/16 (94) 26/29 (90) 

Desensitisation, sensitivity 
analysis^ 

15/20 (75) 26/31 (84) 

Peanut Skin Prick Test Wheal Size 
(mm) 

PPOIT-002 Trial PPOIT-001 Trial 

PPOIT (active treatment) 
group# 

Time point Mean (SD), n p-value* Mean (SD), n p-value* 

Baseline 12.3 (4.5), 20 N/A 17.3 (6.2), 31 N/A 

End of treatment 6.9 (4.1), 16 0.001 4.6 (4.1), 29 <0.001 

8-weeks post-treatment 8.1 (4.4), 16 0.008 4.3 (4.5), 27 <0.001 

^Sensitivity analysis setting all non-treatment completers as non-responders was 
performed. 

*Unpaired t test with equal variances 

#Previously published data from PPOIT (active treatment) group of the PPOIT-001 
trial are summarized here 
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7.3.9. Immunomodulatory effects of PPOIT 

PPOIT modulated the immune response to peanut allergen. There was significant 

reduction in peanut and major peanut component (Ara h2) sIgE levels at end of 

treatment (T2). The reduction was sustained for peanut sIgE at 8 weeks post 

treatment (T3) (Table 7-8). In contrast, there was no change in Ara h8 and Ara h9 

sIgE. There was uniform induction of peanut and major peanut component (Ara h1, 

h2 and h3) sIgG4 levels at end of treatment (T2) (Table 7-9). This increase in sIgG4 

levels was sustained at T3.  
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Table 7-8. Summary of sIgE response 

 

PPOIT-002 trial participants 

Time point Median (IQR), n p-value* 

Peanut sIgE (kUA/L)   

Baseline 69.9 (7.9, 100.0), 20 N/A 

End of treatment 7.4 (1.2, 33.6), 15 0.011 

8-weeks post-treatment 10.2 (1.0, 27.6), 16 0.010 

   

Ara h1 sIgE (kUA/L)   

Baseline 3.6 (0.0, 34.3), 16 N/A 

End of treatment 2.2 (0.0, 8.2), 15 0.735 

8-weeks post-treatment 2.0 (0.0, 6.0), 13 0.860 

   

Ara h2 sIgE (kUA/L)   

Baseline 34.3 (3.4, 118.7), 16 N/A 

End of treatment 7.7 (0.9, 21.8), 15 0.040 

8-weeks post-treatment 10.9 (0.5, 18.4), 14 0.071 

   

Ara h3 sIgE (kUA/L)   

Baseline 0.2 (0.0, 15.5), 16 N/A 

End of treatment 0.1 (0.0, 3.2), 15 0.843 

8-weeks post-treatment 0.4 (0.0, 2.3), 13 0.948 

   

Ara h8 sIgE (kUA/L)   

Baseline 0.0 (0.0, 0.1), 16 N/A 

End of treatment 0.0 (0.0, 0.0), 15 0.519 

8-weeks post-treatment 0.0 (0.0, 0.0), 13 0.546 

   

Ara h9 sIgE (kUA/L)   

Baseline 0.0 (0.0, 0.1), 16 N/A 

End of treatment 0.0 (0.0, 0.1), 15 0.764 

8-weeks post-treatment 0.0 (0.0, 0.2), 13 0.947 

*Unpaired rank-sum (Mann-Whitney) test  
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Table 7-9. Summary of sIgG4 response 

 

PPOIT-002 trial participants 

Time point Median (IQR), n p-value* 

Peanut sIgG4 (mgA/L)   

Baseline 0.6 (0.2, 1.3), 16 N/A 

End of treatment 21.6 (6.0, 93.5), 15 <0.001 

8-weeks post-treatment 11.2 (3.3, 28.4), 14 <0.001 

   

Ara h1 sIgG4 (mgA/L)   

Baseline 0.1 (0.0, 0.2), 16 N/A 

End of treatment 1.3 (0.1, 4.2), 15 0.004 

8-weeks post-treatment 1.3 (0.3, 2.3), 13 0.005 

   

Ara h2 sIgG4 (mgA/L)   

Baseline 0.3 (0.1, 0.6), 16 N/A 

End of treatment 17.2 (4.8, 63.9), 15 <0.001 

8-weeks post-treatment 11.8 (2.6, 29.0), 13 <0.001 

   

Ara h3 sIgG4 (mgA/L)   

Baseline 0.1 (0.1, 0.1), 16 N/A 

End of treatment 2.4 (1.0, 7.3), 15 <0.001 

8-weeks post-treatment 1.1 (0.4, 5.6), 13 <0.001 

   

Ara h8 sIgG4 (mgA/L)   

Baseline 0.0 (0.0, 0.0), 16 N/A 

End of treatment 0.0 (0.0, 0.1), 15 0.115 

8-weeks post-treatment 0.0 (0.0, 0.0), 13 0.785 

   

Ara h9 sIgG4 (mgA/L)   

Baseline 0.0 (0.0, 0.2), 16 N/A 

End of treatment 0.0 (0.0, 0.2), 15 0.795 

8-weeks post-treatment 0.0 (0.0, 0.2), 13 0.673 

*Unpaired rank-sum (Mann-Whitney) test  
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7.4. Discussion 

It was previously demonstrated that PPOIT is effective at inducing desensitisation 

and sustained unresponsiveness (SU) to peanut and at modulating peanut specific 

immune response. This single-arm open-label trial was setup to evaluate the 

feasibility of delivering PPOIT using a modified (accelerated) dose escalation 

schedule for the buildup phase in order to reduce the number of clinic visits for 

patients to reach target maintenance dose. 38% (6/16) of PPOIT-002 participants 

were able to complete dose-escalation to the target 2000 mg maintenance dose 

within 16 weeks. Median rate of adverse events (AE) was 1.0% (IQR 0.4 to 2.4%) 

of doses taken during treatment phase. 95% of participants who completed 

treatment with PPOIT adopting the accelerated dose escalation schedule were 

successfully desensitised and 75% attained 8-week SU. Treatment induced 

decreases in peanut specific skin prick test (SPT) wheal size and circulating peanut 

and peanut component sIgE levels and increases in circulating peanut and peanut 

component IgG4 levels. These findings confirm previously reported changes 

associated with PPOIT treatment using the original dose escalation schedule 

previously evaluated in the PPOIT-001 randomised trial. 

Peanut oral immunotherapy (OIT) has variable success at inducing desensitisation 

and SU[1]. Although the goal of treatment is to protect patients from experiencing 

peanut ingestion associated adverse events (AE), a recent meta-analysis found that 

treatment with peanut OIT was associated with increased risk of anaphylaxis, 

adrenaline use to treat reactions, serious adverse events and other non-

anaphylactic reactions as compared to treatment controls adhering to allergen 

avoidance[43]. Of note, the rates of peanut OIT associated reactions are not 

dissimilar to the rates and severity of reactions associated with unmodified peanut 

protein subcutaneous immunotherapy (SCIT)[158]. There remains a heightened 

risk of reactions in association with peanut OIT despite various restrictive 

measures and dosing rules (including avoidance of other sources of peanut, dose 

omission in the presence of illness, fatigue, dose reduction in the presence of fever 

and during menstrual period, instructions to take dose on full stomach and/or with 
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food, and refraining from exercise and/or hot showers/baths following a dose)  in 

an attempt to minimise the likelihood of reactions[43]. 

In the PPOIT-002 trial, over 30% of participants were able to reach the target dose 

within 16 weeks without compromising the tolerability of treatment. The median 

rate of AE of any severity was 1.0% [interquartile range (IQR) 0.4 to 2.4%, actual 

range 0.0 to 5.3%] which was similar to rates reported by other studies aiming for 

lower target maintenance doses. Whilst the frequency of AEs appears to be 

acceptable to most study participants given the modest participant retention rate, 

for 2 individuals, their parents withdrew consent to remain in the study taking into 

account the frequency of low grade AEs whilst on study treatment. It is possible 

that whilst an accelerated dose escalation schedule does not increase the risk of 

severe reactions that the frequency of low grade side effects still limits 

acceptability of OIT treatment.  

Gastrointestinal symptoms whilst on OIT is commonly reported and the 

prevalence of biopsy-confirmed eosinophilic oesophagitis (EoE) range 2.7 to 5.3% 

of patients undergoing food OIT[44-46]. In the present study, no subjects had 

biopsy-confirmed EoE but 2 subjects withdrew their consent to remain in the 

study citing recurrent grade 1 symptoms including gastrointestinal symptoms 

suggesting reduced tolerability of the study treatment by these individuals. 

A number of recent studies have adopted slower dose-escalation schedules (for 

example, taking more than 52 weeks to reach maintenance phase[19 36 39 40]) 

and/or are aiming for lower target maintenance doses (for example, 300mg or 

less[36 37 94]) in an attempt to further improve the tolerability of OIT treatment. 

It is noteworthy that all patients in a peanut OIT study which included an ultra-

slow buildup phase, aiming to reach target maintenance dose of 125-250 mg of 

peanut protein over a period up to 14 months, experienced at least one AE[36]. 

4.3% of all peanut OIT doses taken by participants were associated with AE. In a 

large phase-3 study evaluating a proprietary peanut OIT product (AR101)[94], also 

aiming for a low maintenance dose of 300mg with dose-escalation over a 26-week 

period, 24.5% (102/416) of participants randomised to receive active treatment 
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withdrew during the treatment phase. Over 95% of participants reported at least 

one AE. By comparison, the present study shows that PPOIT treatment using an 

accelerated dose escalation schedule aiming to complete buildup phase within 16 

weeks and aiming for a high maintenance dose of 2000 mg was associated with a 

similar participant withdrawal rate (20%) and a similar proportion (95%) of 

participants affected by at least one AE. Taken together, these findings question 

whether the tolerability and safety of peanut OIT can be improved by pursuing 

either slower dose-escalation schedules and/or lower target maintenance doses. 

The mechanisms underpinning the desensitised state whilst on OIT treatment 

remain elusive. IgG antibodies that share specificity with antigen specific-IgE 

(sIgE) may confer protection against IgE mediated clinical reactions and abrogate 

anaphylaxis through blocking sIgE access to FceRI and through induction of mast 

cell suppression through FcyRIIb[58 159]. Induction of peanut and peanut 

component allergen sIgG4 has been consistently observed in peanut OIT treated 

participants[18 54 94 95 160] with increases observed as early as the first month 

of treatment[160]. Magnitude of sIgG4 induction is dose-dependent[20 34]. In a 

head-to-head peanut OIT trial comparing two different target maintenance doses 

of 300 mg per day versus 3000 mg per day of peanut protein, the rate of sIgG4 

induction was more rapid and the magnitude of sIgG4 induction was greater in the 

higher dose group[20]. It is possible that earlier clinical protection from reactions 

to OIT may be conferred by treatment induced sIgG4, and therefore OIT 

tolerability may be improved by more rapid attainment of desensitisation to 

higher allergen doses.  

OIT treatment success is associated with lower levels of peanut and peanut 

component sIgE at the post-treatment time point as reported by the doctoral 

candidate (in Chapter 4) and by others[19 34]. Studies adopting longer OIT 

treatment durations have observed significant reductions in allergen sIgE 

levels[18 19]; in contrast, studies adopting shorter treatment durations of 6-12 

months have failed to demonstrate significant reductions [94 100]. 
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In the PPOIT-002 trial, without altering the total treatment duration, acceleration 

of the buildup phase translated to an increased duration of the 2 g/day 

maintenance phase from 12 to 16 months. Participants in this had significant 

reductions in the levels of their peanut and Ara h2 sIgE at end of treatment. Clinical 

outcomes were similar to those reported in the PPOIT-001 trial [per-protocol 

analysis: PPOIT-001 desensitisation 90% (26/29), SU 82% (23/28) versus PPOIT-

002 desensitisation 94% (15/16), SU 75% (12/16); intention-to-treat sensitivity-

analysis: PPOIT-001 desensitisation 84% (26/31), SU 74% (23/31) versus PPOIT-

002 desensitisation 75% (15/20), SU 60% (12/20)]. Taken together, whilst longer 

OIT treatment duration appear to be associated with more marked reduction 

allergen sIgE, extending the maintenance phase by 4 months does not appear to 

increase the likelihood of short-term treatment success as evaluated by 

desensitisation or SU challenges. Long-term outcome studies are necessary to 

evaluate if the immunomodulatory effects on sIgE response also lead to long-term 

beneficial effects as observed in the PPOIT-001 trial. 

The major limitation of this study was the small sample size. However, this study 

was primarily designed to evaluate the feasibility and tolerability of a more rapid 

dosing schedule rather than to formally compare the different dosing schedules. 

The doctoral candidate recognises that between trial comparisons of efficacy and 

tolerability data must be done with caution given potential bias introduced by 

heterogeneity in study designs and conduct. In this chapter, the doctoral candidate 

applied the standardized CoFAR (http://www.cofargroup.org/) classification of AE 

when evaluating AE and tolerability data obtained from both the PPOIT-002 and 

PPOIT-001 trials as a mitigating measure against such bias.    

To conclude, findings from this single-arm open-label study provides evidence that 

PPOIT administered using an accelerated dose escalation schedule is feasible and 

tolerable. The modified treatment remains effective at inducing desensitisation 

and SU. Further work evaluating antibody responses during the buildup phase is 

necessary to gain deeper understanding whether the tolerability profile of an OIT 

treatment adopting an accelerated dose escalation schedule is facilitated by a more 
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rapid induction of circulating allergen sIgG4 and sIgA in a dose-dependent manner. 

Findings may help inform future modifications of OIT treatment schedules aimed 

at improving treatment tolerability and safety without compromising efficacy.   
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7.5. Supplementary material 

Association between cumulative dose taken during the entire treatment 

phase and clinical outcomes (desensitisation and sustained 

unresponsiveness, SU) 

  Coefficient p-value 

Desensitisation (regression) 59619.41 0.053 

8-week SU (regression) 90766.66 0.008 

8-week SU (ranksum) NA 0.021 
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7.6. Chapter summary  

The PPOIT-002 trial was an open label study designed to evaluate the feasibility, 

tolerability and clinical effects of PPOIT using an accelerated dose escalation 

schedule for the buildup phase. As reported in this chapter, the study confirmed 

that PPOIT treatment can be improved by accelerating the dose-escalation phase, 

thereby reducing the number of dose escalation visits, without compromising the 

treatment’s ability to induce desensitisation, sustained unresponsiveness (SU), or 

immune modulatory effects.  

In the final chapter, the doctoral candidate summarises and discusses implications 

of the findings from the PPOIT-001 and PPOIT-002 trials. 
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Chapter 8. Discussion 

8.1. Summary of thesis findings 

There is a need for disease modifying treatment for food allergy. In this thesis, the 

doctoral candidate presented novel findings that improve our understanding about 

the clinical and immunomodulatory effects of a combined probiotic and peanut 

oral immunotherapy (PPOIT). As described in Chapter 3, the doctoral candidate 

demonstrated that at four years after discontinuation of treatment, PPOIT enabled 

ongoing peanut ingestion in a large proportion of participants and was associated 

with long-term sustained unresponsiveness (LTSU), with participants ingesting 

peanut ad-libitum during the four year post-treatment period. This state of 

persistent clinical remission from peanut reactions, maintained without the need 

for ongoing and regular peanut ingestion years post-treatment, may be the closest 

to true tolerance[42]. Findings reported in Chapter 4 and Chapter 5 showed that 

accompanying this clinical state, was the broad downregulation of peanut specific 

humoral immune responses, suggesting that abrogation of peanut specific B cell 

response, likely facilitated by OIT induced suppression of Th2 cytokine production, 

may be necessary for the attainment of tolerance following OIT treatment. Next, 

leveraging PPOIT’s ability to induce beneficial clinical and immunomodulatory 

responses, the dose escalation schedule of PPOIT was accelerated in an attempt to 

improve treatment feasibility. Findings from the PPOIT-002 trial as reported in 

Chapter 7 showed that the modified treatment schedule was feasible and well-

tolerated and did not compromise PPOIT’s ability to induce desensitisation or SU.  
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8.2. Implication of thesis findings  

8.2.1. Goals and clinical effects of OIT treatment 

Allergen immunotherapy was designed to capitalise on the malleability of the 

adaptive immune response and through controlled- and graded- exposures to the 

culprit allergen induce allergen specific tolerance. Whilst the ultimate goal of such 

treatment is tolerance induction, earlier OIT studies evaluated desensitisation, that 

is, an ability to ingest and tolerate an allergen whilst on or shortly after withdrawal 

of treatment. It is increasingly recognised that desensitisation represents transient 

remission from allergic reactions and is a reversible state in a sizeable proportion 

of ‘successfully-treated’ patients. Some later studies aimed for a more persistent 

state or remission or ‘sustained-unresponsiveness’, that is, an ability to ingest and 

tolerate an allergen weeks to months after discontinuation of treatment and 

without ongoing ingestion of the allergen. Sustained unresponsiveness, as 

compared to desensitisation, is achievable in a much smaller proportion of treated 

patients[34 54] and has also been found to be reversible in some patients in a 

time-dependent manner by some groups[39 40]. More recent larger-scale OIT 

trials[37 94 100] now aim to achieve desensitisation. Although a state of 

desensitisation may be desirable by some patients, for many patients and their 

treating physicians, such temporary state of clinical remission may not adequately 

justify exposures to heightened risk of reactions and adverse events in association 

with OIT treatment[43].  

Findings from the follow-on study of the PPOIT-001 trial demonstrated that long-

term remission from allergic reactions, a state resembling tolerance, is possible. At 

4 years post-treatment, a large proportion of PPOIT participants maintained their 

ability to ingest peanut and 58% had long-term sustained unresponsiveness 

(LTSU), tolerating 4000 mg of peanut protein in a peanut challenge administered 

after at least 8 weeks of peanut avoidance [99]. The estimated number of adverse 

events whilst ingesting peanut ad libitum in the four year post-treatment period 

was 1.1 events per 10 person-years as compared with 0.9 events per 10 person 

years in the placebo group who maintained allergen avoidance. The possibility of 
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achieving longer term and more durable remission provides stronger justification 

for the short-term exposure to heightened risk of reactions whilst on OIT 

treatment. It is important to continue pursuing the more desirable outcome of 

durable clinical remission.  

8.2.2. Design of OIT treatment  

OIT is associated with high rates of reactions and adverse events (AE). A landmark 

meta-analysis including 12 peanut OIT randomised controlled trials involving 

1041 participants found that OIT treatment was associated with significantly 

increased risks of anaphylaxis, rescue treatment with adrenaline, serious adverse 

events and non-anaphylactic reactions[161].  There is limited head-to-head 

comparison of tolerability profile of high dose versus low dose OIT treatment. One 

trial[20] involving 40 children with peanut allergy, randomised 1:1 to receive 

peanut OIT at goal maintenance doses of 300 mg/day or 3000 mg/day reported an 

overall average AE rate of 1.1% (95% CI 0.0%, 2.3%) in the high dose arm versus 

0.6% (95% CI 0.3%, 0.9%) in the low dose arm. AE rates during the maintenance 

phase were similar [High dose arm 0.06% (0.01%-0.1%) versus low dose arm 

0.05% (0.0-0.2%)]. Contrasting the approach some recent studies have adopted 

aiming for lower OIT maintenance doses[36 37 94], the PPOIT Study Team has 

continued to aim for a higher maintenance doses of 2000 mg/day of peanut 

protein. Furthermore, in the PPOIT-002 trial, over 30% of participants were able 

to reach the target dose within 16 weeks without compromising the tolerability of 

treatment. The median rate of AE of any severity was 1.0% [interquartile range 

(IQR) 0.4 to 2.4%, actual range 0.0 to 5.3%] which was similar to rates reported by 

other studies aiming for lower target maintenance doses[20 100]. The doctoral 

candidate hypothesises that a more rapid and robust induction of blocking sIgG4 

and sIgA antibodies through an accelerated dose escalation schedule to reach a 

high OIT maintenance dose confers protection against treatment emergent adverse 

events during the treatment phase. However, it remains elusive if such schedule 

modification successfully protects against gastrointestinal tract inflammation such 

as eosinophilic oesophagitis[44-46] 
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8.2.3. Mechanisms of action of OIT treatment 

Although OIT treatment is often accompanied by the induction of circulating 

allergen sIgG4 and sIgA, it remains unclear whether these antibodies are necessary 

to support tolerance induction. Some studies have shown that peanut s IgG4 levels 

do not predict sustained unresponsiveness[19 40]. Findings presented in Chapter 

4, suggest that suppression of peanut sIgE responses may play a role in supporting 

long-term sustained unresponsiveness (LTSU) or persistence of clinical remission 

years after discontinuation of treatment.  

The doctoral candidate reported in Chapter 5, that patients’ peanut allergy disease 

activity as measured by peanut and peanut component (Ara h1, h2, h3) sIgE levels 

correlated with their Th-2 cytokine levels. Treatment with PPOIT was associated 

with reduced production of Th-2 cytokine IL-4. Contrary to the doctoral 

candidate’s expectations, circulating peanut specific T-regulatory (Treg) cells and 

IL-10 production did not increase after 18 months of PPOIT treatment. Instead, 

after PPOIT treatment, there was a trend towards lower frequency of circulating 

Treg cells and reduced production of the Treg cytokine, IL-10. Taken together, 

findings from Chapters 4 and 5 suggest that PPOIT induced long-term SU, a clinical 

state resembling tolerance, may require the broad downregulation of antibody 

production by allergen specific B cells through the redirection of the Th2 cytokine 

milieu. Reduction in disease activity is accompanied by a reduced need for 

circulating antigen specific Treg cells and IL-10 production. Better understanding 

of the mechanisms of tolerance induction helps identify potential therapeutic 

targets that can enhance the efficacy of OIT. Combining anti-IgE monoclonal 

antibody (for example Omalizumab) with OIT is already under investigation and 

the effectiveness of such approach was summarized in a recent review article[162]. 

In addition, there are case reports of monoclonal antibody therapies which target 

the IL-4 and IL-13 signaling pathway [163] and IL-33, an upstream Th2 

cytokine[164], improving patients’ ability to tolerate culprit food allergens.  
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8.3. Future directions  

Leveraging findings from the PPOIT-001 and PPOIT-002 trials, a multi-center 3-

arm DBPCRCT (PPOIT-003 Study, ACTRN12616000322437) is underway to (1) 

confirm the clinical and immune effects of PPOIT, (2) confirm the tolerability of the 

accelerated dose escalation schedule, and (3) elucidate additional effects of adding 

probiotics to peanut OIT. The approach of adding probiotic adjuvant to OIT is being 

extended to a number of other foods (PEAT Study, ACTRN12619000480189; 

PrEMO Study, ACTRN12619000306112).  

It is important to continue the investigation of the dynamics of allergen blocking 

sIgG4 and sIgA induction during early phases of food immunotherapy (including 

OIT) treatment and to explore whether such responses can be manipulated by 

modifying treatment schedules. Optimising the induction of immune mechanisms 

that mediate early protection from clinical reactions may lead to safer and more 

tolerable food allergy treatments. In addition to modifying the dose escalation 

schedule to induce earlier desensitisation, other strategies aimed improving 

tolerability without compromising efficacy include (1) combining OIT with anti-IgE 

therapies, and (2) using modified protein based or peptide based food 

immunotherapy extracts warrant further investigation.  

Finally, based on findings reported in this thesis, the doctoral candidate 

hypothesise that OIT induced long-term persistent remission from food allergic 

reactions is accompanied by suppression or abrogation of allergen specific 

humoral immune responses through the redirection of Th2 cytokine milieu. Future 

food immunotherapy (including OIT) research should further investigate 

combining immunotherapy treatment with immunomodulatory agents capable of 

blocking and/or redirecting the Th2 cytokine response in order to abrogate 

pathogenic B cell response to specific food allergens.   
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