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Supplemental Appendix 1: Study intervention development 

Information on the standard information leaflet sent to the control group was gleaned 

from a number of sources including information leaflets aimed at members of the 

public, information leaflets directed at health professionals and professional papers 

[9-15]. This included advice on receiving influenza vaccination, covering the mouth 

when coughing, hand hygiene, and having an asthma inhaler check. The intervention 

and control group information leaflets were developed by 3 authors (TDHS, RJB, JC) 

with input from the trial site research team until it was felt that all the information – 

both the standard advice and advice about probiotics – would be understood by most 

people with asthma. Both information leaflets consisted of 2 pages sent on a single 

sheet of double-sided A4 paper. 

 



The control leaflet is shown above and the intervention leaflet below. 

 

 

While there is good evidence that leaflets can be used in a productive way during a 

face-to-face consultation, for example in reinforcing information about progression of 

common infections which do not need antibiotics [31], it is less clear whether postal 

leaflets used without any personal contact can be similarly effective in influencing 

action of patients. However, the potential benefit of probiotics in reducing infection 

rates is thought to be in terms of prevention rather than cure [1] so it was not 

practical to recruit all eligible patients attending a face-to-face consultation. 

 

As this study involved all patients with asthma within the surgery (with the exception 

of under 5s and those living in the same household as others involved) it was not 



practical to pilot the study leaflets locally without unblinding future participants or 

preventing those in the pilot study from taking part. There was no evidence from the 

instances where participants discussed probiotics with the clinical staff, the trial team 

or the supplier Cultech that the information leaflets were misunderstood with the only 

recurring aspect that seemed to confuse participants was why the probiotic capsules 

would be provided for free. It is unclear whether this put any participants off applying 

for probiotics who would otherwise have wished to take them.  

 

A further offer with a repeated leaflet may have been useful but in order to fit in with 

the pragmatic nature of the trial, it was felt that it was better only to contact 

participants with a leaflet at a time when they would usually have received 

correspondence from the surgery anyway (their annual invite letter for an influenza 

vaccination). Furthermore, this study aimed to see whether a low cost intervention – 

including an extra leaflet in post that would have been sent anyway – was effective, 

and subsequent methods of communication would have significantly increased the 

cost although probably improved uptake of the probiotic capsule.  



Supplemental Appendix 2: Full details of outcome measures 

Any deviations in outcome measures from the trial protocol are noted below. All 

outcome measures came from review of participants’ medical notes to obtain history 

of face-to-face, telephone or third party consultations and acute antibiotic 

prescriptions during the six-month trial period. Only a minority of respiratory infection 

episodes result in GP consultation [32], although it is likely that there will be a 

correlation between severity and likelihood of consulting. However, diary-keeping of 

symptoms can be confusing as symptoms of allergic rhinitis, common in people with 

asthma [33], are often indistinguishable from those of upper respiratory tract 

infections (URTIs) [34].  

 

Primary outcome measure 

The primary endpoint was the percentage of participants who within the six month 

period for which probiotics were recommended, were prescribed at least one acute 

course of one of the following antibiotics: 

• Amoxicillin 

• Azithromycin 

• Cefaclor 

• Cefalexin 

• Ciprofloxacin 

• Clarithromycin 

• Co-amoxiclav 

• Doxycycline 

• Erythromycin 

• Phenoxymethylpenicillin 



These were selected based on guidelines from the local health authority for 

treatment of respiratory infections, and are not recommended in local guidelines 

as first-line treatment for other common infections such as cellulitis or urinary 

tract infections.  

 

Secondary outcome measures 

1. Mean number of antibiotic prescriptions for any of the above antibiotics per 

participant. This is another way of measuring effects on antibiotic prescribing. 

The following eight secondary outcome measures looked at antibiotic prescribing 

more generally: 

2. Total cost of all antibiotic prescriptions listed above during the six-month study 

period per participant. This was based on the NHS drug tariff for England and 

Wales at the time the prescription was issued. This was a minor change in how 

antibiotics are costed compared to that planned in the study protocol, since 

these more accurate data were available. The protocol mentioned cost of 

antibiotics as a single outcome measure but did not specify whether this was to 

be the ones selected for use in respiratory infections or all antibiotics, which 

have therefore been separately reported as two secondary outcome measures 

(this one and outcome 5). 

3. Percentage of study group prescribed at least one course of any type of oral 

antibiotics. 

4. Mean number of any type of oral antibiotic prescriptions per participant during 

the six months. 

5. Total cost of all types of oral antibiotic prescriptions per participant (determined 

as per 2).  



6. Percentage of group having at least one new URTI episode for which antibiotics 

were prescribed. Of note, this outcome measure and the following 3 secondary 

outcome measures were included in the statistical analysis plan after clinical trial 

registration, and are therefore post-hoc analyses. They were added because the 

information was available from the practice electronic records, and were 

considered to be relevant additional measures of antibiotic use for specific 

respiratory indications. 

7. Mean number of new URTI episodes for which antibiotics were issued per 

participant. 

8. Percentage of group having at least one respiratory episode for which antibiotics 

were prescribed. 

9. Mean number of all respiratory episodes for which antibiotics were issued per 

participant. 

People were considered to be suffering from URTIs if they fulfilled the criteria in 

the flow chart shown below [1,35,36]. A new URTI episode was defined as one 

where there was at least one day completely free of symptoms since the 

previous respiratory episode, in line with two studies included in the Cochrane 

review [1,37,38]. Where this information was not available, it was assumed that 

any infection presenting four weeks or more after the earliest known date of 

symptoms of a previous respiratory episode was a new infection. This allows a 

week longer for recovery than the mean length for acute bronchitis according to 

the NICE guidelines “Respiratory tract infections – antibiotic prescribing” [39].  



Flow chart to determine participants diagnosed with URTIs according to standard 
definitions [1,35,36]. To stop duplication of respiratory episodes, URTIs that were not 
recorded as resolving and were within 4 weeks of onset were not included if they 
developed into LRTI or asthma exacerbation during this time. 



Any antibiotic prescribed during a consultation when someone was seen for a 

respiratory episode was considered to be prescribed for the respiratory illness 

unless an alternative reason was recorded. If there was no reason recorded on 

the day of issue but a respiratory infection was assumed to be ongoing 

according to the definition in the previous paragraph, any of the ten antibiotics 

listed in the primary outcome measure were assumed to be for the respiratory 

illness, whereas alternative antibiotics were not. 

The following eight secondary outcome measures looked at the effects of probiotics 

on respiratory infection rates more generally: 

10. Percentage of participants who consulted at least once for URTI during the six-

month study period. 

11. Mean number of URTI episodes per participant during the six months. 

12. Percentage of participants who consulted at least once for lower respiratory tract 

infection (LRTI) during this six-month period.  

13. Mean number of LRTI episodes per participant during the six-month study 

period. 

14. Percentage of participants consulting at least once for an acute exacerbation of 

asthma during the six months. This outcome and outcome 15 were added to the 

statistical analysis plan after registration of the trial protocol, so are post-hoc 

analyses. They were included because the information was available from the 

practice electronic records, and LRTIs are an important complication of URTIs.   

15. Mean number of acute asthma exacerbation episodes per participant during the 

six months. 

16. Percentage of participants consulting at least once with acute respiratory 

symptoms during this time. This might be due to URTI, LRTI, or an exacerbation 



of asthma. This outcome measure and outcome 17 were added to the statistical 

analysis plan after registration of the trial protocol, so are post-hoc analyses. 

They were added because the information was available from the practice 

electronic records, and asthma exacerbations are an important complication of 

URTIs. 

17. Mean number of acute respiratory episodes for each participant. 

A participant was defined as having LRTI according to the flow chart shown 

below [35,40-43]. A new episode of LRTI was defined as per URTI episodes 

above, and if someone with URTI subsequently developed LRTI before URTI 

had resolved, only LRTI was included to stop a continuation of the same 

respiratory episode being counted twice. 

An asthma exacerbation was defined according to the documented presence of 

reported or auscultated wheeze, or auscultated expiratory rhonchus, or 

according to a documented temporary need for additional asthma treatment or 

hospitalization. A new episode of asthma exacerbation was determined 

according to the European Respiratory Society definition of a preceding period of 

at least one week on usual treatment and out of hospital [44]. In anyone in whom 

URTI or LRTI progressed into an acute asthma exacerbation without becoming 

symptom free or within four weeks of onset (as per the definition for a new 

episode), only the acute asthma exacerbation was counted to stop a 

continuation of a single respiratory episode being counted more than once.  

  



 
Flow chart to determine participants diagnosed with LRTIs according to standard 
definitions [1,40-43]. To stop duplication of respiratory episodes, LRTIs that were not 
recorded as resolving and were within 4 weeks of onset were not included if they 
developed into an asthma exacerbation during this time. 
 



Per protocol (PP) analyses were undertaken using two different datasets: 

1. Participants who used their voucher to order Lab4 probiotic capsules 

(Cultech) at least once during the six-month study period. 

2. Participants who used their voucher to order Lab4 probiotic capsules at least 

twice during the six-month study period. This was a deviation from the 

registered trial protocol, as data were not available for the protocol-defined 

group of participants who took probiotic for at least half of the trial period. 

However, ordering the probiotic for a second time was felt to be an 

appropriate surrogate measure.  

 

Outcome data were extracted from participants’ medical records for the six-month 

period when probiotic consumption was recommended, 1st October 2013 to 31st 

March 2014, by a single investigator (TDHS) blind to treatment allocation. Once the 

data had been checked by another investigator (RJB) blind to treatment allocation, 

and the database locked and statistical analysis plan approved, the locked database 

was sent to the statistician (HW) for analysis.  

  



Supplemental Appendix 3: Definitions used for asthma severity 

 
Definitions used for asthma severity using the 5 step chart taken from the British Thoracic 
Society (BTS) and the Scottish Intercollegiate Guidelines Network (SIGN)’s revised 2011 guidelines: British guideline on the 
management of asthma [45]. The orange boxes have been added to show how the measure of asthma severity used in this 
trial relates to the guidelines, when looking at prescriptions issued in the 12 month period preceding the trial. *One course of 
oral corticosteroids for asthma is allowed during that 12 months as a rescue medication but two or more courses would take 

the participant into step 5 for the purposes of this trial. †No participant received any oral β2 agonist. 
SABA: short-acting β2 agonist; ICS: inhaled corticosteroids; LABA: long-acting β2 
agonist; LTRA: leukotriene receptor antagonist; OCS: oral corticosteroids.  



Supplemental Appendix 4: Blinding and contamination 
 
While participants were not blinded to treatment allocation, every attempt was made 

to keep clinical staff and statistical analyzers blinded as to allocation of the two 

different information leaflets. One of the authors of this study (TDHS) worked at 

Ashfields Primary Care Centre throughout the trial period at 0.75 full-time equivalent 

hours. In the course of his clinical work, he became unblinded on just one occasion 

when a participant disclosed he was taking probiotic in the course of an otherwise 

normal consultation. Two other GPs surveyed who were not part of the trial team 

reported one and two participants respectively who had asked whether or not they 

should take the probiotics recommended in the leaflet or otherwise disclosed that 

they were already taking them. No other unblinding events were reported.  

 

TDHS also became intentionally unblinded acting as an investigator in eight other 

cases due to queries from clinical colleagues about other participants’ suitability to 

take probiotics, and from Cultech due to queries about applicants for free Lab4 

probiotics. The outcome assessor (TDHS) was otherwise blinded until after the data 

collection had been entered, cleaned and locked. 

 

It is difficult to state the actual contamination rate in the study but we can assume it 

was low. Only one person per household was randomized as two people receiving 

different leaflets would obviously unblind participants to the other branch of the study 

(see inclusion criteria). In accordance with advice from the Research Ethics 

Committee, participants were not actively aware that there was more than one 

version of the information leaflet. However, participants were informed on both the 

control and intervention advice leaflets (see Figures S1 and S2) that the 



effectiveness of the leaflets was being studied by the research team and given ways 

to contact the research team if they had any queries. Only five participants contacted 

the research team but in each case it was to discuss whether to start the probiotic or 

not rather than to query any of the additional information on either leaflet. No one 

contacted the research team or Cultech Ltd. to protest that they had heard there was 

another leaflet or to request that they received probiotics despite receiving the 

control advice leaflet. There was one case where a study participant with asthma, 

randomised to probiotic advice, contacted the surgery to request that she receive 

additional probiotics to give to her daughter who was not on the asthma register and 

she was advised that the probiotics were only being provided free for people with 

asthma. 

 

There was a low level of unblinding of the participants’ physicians as to which group 

they had been randomized to. There was a low loss of outcome data and 

contamination rates were kept low. In hindsight, 20% loss of outcome data was a 

conservative estimate for loss of outcome data. Our rationale for using such a 

conservative measure was based around the unknown. Having given participants the 

option of contacting the trial team to withdraw consent for staff to access their 

medical records to obtain the study data (in line with recommendations by the 

Research Ethics Committee), we could not find any figures for opt outs or indeed any 

previous trials taking this approach. In our trial, not one single person contacted the 

research team to withdraw consent, and so the only known participants where there 

was loss of outcome data was the 2.5% who deregistered from the surgery. This was 

presumably due to moving away from the area as Ashfields Primary Care Centre is 



the sole supplier of primary care services to more than 95% patients living in its 

catchment area.  



Supplemental Appendix 5: Details of SAEs and losses to follow up amongst the PP 
groups  
 
Two participants who left the study (due to death or moving out of area) obtained 

Lab4 probiotics (Cultech). They were both in the 60 and over age group. One 

obtained three probiotic packages and moved out of area during the trial, 

deregistering with the surgery in February. The other was one of the two participants 

who died, a participant in the 60 and over group, who received two packages of 

probiotics. They were at step 5 of BTS asthma treatment (indicating severe asthma) 

[45] and were already known to have terminal adenocarcinoma of the lung before the 

trial began. The death was expected. Prior to this, they were involved in another SAE 

when they were admitted with a discomfort and shuffling gait in order to exclude 

spinal cord compression successfully. 

 

The difference in “other adverse events” became non-significant when Hochberg’s 

procedure was used to correct for multiple testing [16] and cases were 

heterogeneous with only hospital admission for chest pain occurring more than once 

(see table below). In these two cases, admission was made to exclude a different 

diagnosis in each case, with myocardial infarction and pulmonary embolism 

excluded successfully, and observation of the participants’ notes for a further five 

months showed no recurring or persisting symptoms. 

 



Study 
number 

No. 
probiotic 
packages 

Category 
of SAE 

All recorded SAEs 

XY0262 1 Other Emergency Caesarean section due to failure to 
progress 

XY0281 3 Other Emergency admission for acute urinary retention 
Other Subsequent elective admission for TURP 

XY0283 3 Other Planned elective surgery for CABG (cancelled by 
hospital) 

Other Elective surgery for CABG (proceeded) 
XY0349 2 Other Admission to successfully exclude spinal cord 

compression 
Respiratory Expected death - had adenocarcinoma lung since 

before trial 
XY0407 3 Other Admission excluded PE, diagnosed with 

musculoskeletal pain 
XY0601 1 Other Diagnosed and treated for testicular torsion 
XY0728 1 Other Elective admission for anterior vaginal repair 
XY0769 1 Infection Admitted with leg cellulitis 

Other Was given alcohol detoxification on same 
admission 

XY1250 3  Other Admitted to successfully exclude MI, diagnosed 
atypical chest pain 

XY1392 3 Other Elective admission for total knee replacement 
Infection Readmitted for postoperative infection 

Only leg infections and chest pain occurred in more than one participant and these 
were thought to have different causes and so not bear any repeated relationship to 
Lab4 probiotic (Cultech). TURP – transurethral resection of the prostate, CABG – 
coronary artery bypass graft, PE – pulmonary embolism, MI – myocardial infarction.  



Supplemental Appendix 6: Accounting for differences in PP groups compared to 
randomized control group 
 
The participants who accessed probiotics in the intervention group – used for PP 

analyses – show some differences from those who did not access probiotics (not 

shown directly) and from the control group (shown in Table 1). They were generally 

older (p<0.0001) and had been given a first diagnosis in later life (p<0.0001). 

However, when age of first diagnosis was adjusted for age and sex it became non-

significant. Those obtaining probiotics were also more likely to have had an asthma 

review in the last 12 months (p=0.014), and to have received an influenza vaccine 

the previous vaccination season (p=0.0007). These differences were also largely due 

to differences in age distributions as there was a smaller significance (p=0.03 for 

asthma review and p=0.01 for influenza vaccination) when analyses adjusted for age 

and sex. Additional adjusted analysis was performed for those who received 

influenza vaccination during the study period which is likely to correlate with a history 

of previous vaccination and attending for asthma reviews [46].  

 

There was a higher proportion of participants who had been prescribed antibiotics in 

the previous 12 months amongst the PP groups. Unadjusted analysis just touched 

significance only amongst those who received 2 to 3 probiotic packages (p=0.04) but 

there was no significant difference in either group who obtained probiotics when 

analysis adjusted for age and sex. Analyses of outcome measures included 

adjustment for past antibiotic use as agreed before analysis in the statistical plan. 

 

Other differences included history of chronic diseases with some diseases more and 

some less common amongst those who requested probiotics but only those with a 

history of cancer had a significant difference (p=0.01). Again, this was non-significant 



using analysis adjusted for age and sex and the overall numbers are small with only 

around 5% of those in the study having any history of cancer. Those requesting 

probiotics tended to have slightly more severe asthma (according to the definition 

shown in Appendix 5 [45]) than those in the control group, and although this was not 

significant in adjusted or unadjusted analyses, outcome measures were adjusted for 

this in accordance with the statistical plan.  

 

Analyses of the effects on antibiotic use and on respiratory health in the PP groups 

compared to the randomized control groups looked at adjusted and unadjusted 

analyses. Adjusted analyses as published in Tables 2 and 3, adjusted for age group, 

sex, asthma severity, and use of any antibiotics in the 12 months prior to the study. 

In measures where the P value approached significance (P<0.05), further adjustment 

was made for participants receiving influenza vaccination in the same season as the 

trial. This further adjustment made little difference to the resulting P values (see table 

below). 

 
Outcome measure Unadjusted Adjusted for age, 

sex, asthma severity 
& 12 month previous 
use of antibiotics 

Further adjusted for 
receiving flu 
vaccination during 
trial 

Combined all 
respiratory episodes 
given antibiotics* 

0.025 0.016 0.020 

Had any LRTI 
without wheeze* 

0.038 0.045 0.036 

Number of LRTIs 
without wheeze* 

0.024 0.021 0.027 

The effect of adjustments carried out as per the pre-stipulated statistical analysis 
plan on for outcome measures with significant p values (<0.05) comparing the ITT 
intervention group to the control group. When multiple comparisons were accounted 
for using the method of Benjamini and Hochberg [16], there were no significant 
findings in either PP intervention group compared to the control group using 
unadjusted or adjusted data. 
 



As those in the intervention group who elected to take Lab4 probiotics (Cultech) (the 

PP groups) were more likely to have obtained antibiotics for respiratory infections the 

previous winter, they may have been more likely to otherwise obtain them during the 

study period. The baseline characteristics suggest they may have more severe 

asthma (measured by what drugs they have been prescribed) although this may also 

reflect healthcare-seeking behaviour rather than disease severity. Like many UK 

sites, both the official asthma review and the influenza vaccination recorded on 

baseline characteristics are annual events at Ashfields Primary Care Centre when 

patients with current asthma are invited to attend, regardless of the severity of their 

disease. The higher attendance rate for influenza vaccination amongst those who 

accessed probiotics suggests a difference in healthcare-seeking behaviour. 

 

In summary, those who accessed the probiotic intervention may have had more 

severe asthma, but their increased attendance for influenza vaccination suggests 

they may have different healthcare seeking behaviour compared with those who did 

not access the intervention, and this could explain their increased uptake of the 

probiotic intervention. We attempted to adjust all analyses for these possible 

differences, by including age group, sex, asthma severity and use of antibiotics in the 

past 12 months in the model; and by additionally adjusting for influenza vaccination 

during the trial period in a post-hoc analysis. This additional adjustment had no 

significant impact on the study outcomes. 

  



 

It is not always possible to fully adjust statistically for differences in baseline 

measures in self-selecting groups, and the relatively low uptake of probiotic amongst 

those given the intervention advice leaflet meant that this study may be 

underpowered to pick up significant differences in the PP groups. However, the 

outcome data generally showed no sign of positive effects from probiotics. Of the 18 

outcome measures assessed, only three point estimates showed effect estimates in 

a beneficial direction for the randomized intervention group – number of patients 

having any asthma exacerbations/wheeze during the trial, total number of asthma 

exacerbations/wheeze and cost per person of all antibiotics regardless of whether 

they were for respiratory or non-respiratory causes. For the two PP groups, only one 

out of the 18 outcome measures showed an effect estimate in a beneficial direction – 

number of any antibiotic courses for any condition including non-respiratory as well 

as respiratory causes; and a further two outcome measures for one but not both PP 

groups – number of patients taking an antibiotic for any condition and total number of 

antibiotic courses from the specified list for respiratory conditions.  

 

An additional notable difference amongst those in the PP groups who followed the 

advice of the intervention leaflet to take probiotics, is that they had received their 

diagnosis at a significantly later age, although this probably reflects the generally 

older age group of people wishing to take the probiotic as the difference was non-

significant when adjusted for age. In older participants, the earliest known age of 

diagnosis is likely to be less reliable as UK patient records have generally only been 

electronic for ten to twenty years and the data of this study came entirely from 

electronic records. Dates of earlier diagnoses which were made in the days of paper 



notes are often not transferred successfully. Outcome measures were adjusted for 

age of participants which would be likely to nullify any differences between the PP 

groups and the randomized control group with regard to age of diagnosis. There 

have been different phenotypes of asthma described partly based on age of onset 

[47] so we cannot exclude the possibility that probiotics have differential effects in 

different asthma phenotypes.  



Supplemental Appendix 7: Details of data-entry error and effects of differential loss 
to follow-up recorded in the Cochrane review relating to Cobo Sanz et al. 
 
The 2011 Cochrane systematic review found participants treated with probiotics had 

a reduced risk of antibiotic use for acute URTIs (RR 0.67 95% CI 0.45, 0.98) and for 

having ≥1 URTI (RR 0.55 95% CI 0.35, 0.86) [1]. The latter is a corrected figure 

which we recalculated using the original data from Cobo Sanz et al. [27] due to a 

data-entry error in the Cochrane review. However, this figure does make the same 

assumptions about how to handle the differential loss to follow up between 

intervention and control groups as the Cochrane review did for ≥3 URTI episodes. 

Those lost to follow up – 18.3% in the probiotic group, and 4.6% in the control group 

– are all assumed in the ITT analysis to have had no URTI during the trial period 

whereas there is no reason to suppose this was the reason for their loss to follow-up. 

This gives an impression of fewer URTI episodes in the probiotic group in this study 

which is entirely created by the differential loss to follow-up. If the data entry in the 

Cochrane review is corrected, with imputation of missing data from Cobo Sanz et al. 

assuming that the same proportion of dropouts within a group had URTIs as those 

for whom there were available data, then the pooled analysis for number of people 

experiencing ≥1 URTI becomes non-significant (OR 0.64, 95% CI 0.36, 1.12). The 

meta-analysis of antibiotic prescribing for URTIs does not include data from this 

paper and so is unaffected.  

  



Supplemental Appendix 8: Discussion of LRTI and asthma exacerbation outcome 

measures 

Studies of probiotics for preventing LRTI alone are scarce and our finding of no 

effect on LRTI is consistent with previous literature [19,29,48-50]. Our finding that 

probiotics do not prevent asthma exacerbations is also consistent with the small 

amount of prior work in this area [6].  
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