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ABSTRACT

PURPOSE Evidence from studies mainly in children has shown that orally admin-
istered probiotics may prevent respiratory tract infections and associated antibi-
otic use. We evaluated whether advice to take daily probiotics can reduce antibi-
otic prescribing for winter respiratory tract infections in people with asthma.

METHODS We conducted a randomized controlled, parallel-group pragmatic
study for participants aged 5 years and older with asthma in a UK primary care
setting. The intervention was a postal leaflet with advice to take daily probiotics
from October 2013 to March 2014, compared with a standard winter advice leaf-
let. Primary outcome was the proportion of participants prescribed antibiotics for
respiratory tract infections.

RESULTS There were 1,302 participants randomly assigned to a control group
(n = 650) or intervention group (n = 652). There was no significant differ-

ence in the primary outcome measure, with 27.7% receiving antibiotics in the
intervention group and 26.9% receiving antibiotics in the control group (odds
ratio = 1.04; 95% Cl, 0.82-1.34). Uptake of probiotics was low, but outcomes
were similar in those who accessed probiotics (adjusted odds ratio = 1.08; 95%
Cl, 0.69-1.69, compared with controls). We also found no evidence of an effect
on respiratory tract infections or asthma exacerbations.

CONCLUSIONS In this pragmatic community-based trial in people with asthma,
we found no evidence that advising use of winter probiotics reduces antibiotic
prescribing.

Ann Fam Med 2016;14:422-430. doi: 10.1370/afm.1970.

INTRODUCTION

cute respiratory tract infection is the most common reason for

attending primary care appointments and accounts for 80% of

antibiotic prescriptions.! A Cochrane review in 2011 found that,
in randomized controlled trials (RCTs) of specific patient populations,
probiotic prophylaxis significantly reduces both upper respiratory tract
infections (URTIs) and antibiotic prescribing rates for these infections.? We
wanted to determine whether giving advice to take regular probiotics is an
effective strategy for reducing antibiotic prescribing rates for respiratory
tract infections in people with asthma, most of whom are older than the
predominantly young child populations analyzed in the Cochrane review.
People with asthma are especially vulnerable to viral URTIs, which are
the most common trigger of acute asthma exacerbations® and contribute
substantially to the burden of unnecessary antibiotic prescriptions. Only 1
previous pilot study assessed effects of probiotics (combined with acupunc-
ture) on respiratory tract infection rates in people with asthma. In this trial,
reduced infection rates were found with the intervention, but the study was
underpowered (n=17), and the findings were not statistically significant
(P =.18)* Probiotics alone for preventing antibiotic use in asthmatics have
not, to our knowledge, been evaluated in a prospective controlled trial.*”
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We undertook a pragmatic trial to assess whether
advice to take probiotic treatment, implemented as
part of routine winter infection advice, could reduce
antibiotic prescription rates and respiratory tract infec-
tions in older children and adults with asthma in a pri-
mary care setting.

METHODS

Study Design

This study was a parallel-group prospective RCT of a
pragmatic community-based intervention—advice leaf-
lets including recommendations to take a probiotic sup-
plement daily through the winter months—for reducing
antibiotic prescription in participants with asthma.

PARTICIPANTS

All participants were registered patients at Ashfields Pri-
mary Care Centre, a semiurban practice in the United
Kingdom caring for 23,000 patients with a nationally
representative socioeconomic and racial mix. Inclusion
criteria were age 5 years or older (because a diagnosis

of asthma in preschool children is unreliable), a current
diagnosis of asthma,® and a random selection of 1 person
per household only. All patients in the practice popula-
tion registered with a current diagnosis of asthma and
fulfilling the inclusion criteria were enrolled in the study.

Ethics and Consent

The study was approved by London-Bloomsbury
Research Ethics Committee (reference 13/LO/0783).
Informed consent was not obtained from study partici-
pants, although they were given the option to request
that their data were not included in study analyses.

Randomization, Treatment Allocation, and
Blinding

Where there was more than 1 eligible participant per
household, the participant was selected randomly. For
included participants, the randomization sequence
was computer generated with a 1-to-1 intervention-to-
control ratio in random block sizes of 4, 6, and 8, strat-
ified by age (ages 5 to 18, 19 to 34, 35 to 59, and >60
years). Clinical staff and the outcome assessor were
blinded to treatment allocation until all study data had
been entered, cleaned, and locked in the study data-
base to be sent to the study statistician.

Study Intervention

In the United Kingdom, all patients with asthma are
invited to receive annual influenza vaccination. In this
study, participants were sent information leaflets (Sup-
plemental Appendix 1, http:/www.annfammed.org/

content/14/5/422/suppl/DC1) during a 2-week period
in late September 2013, together with their routine
invitation for annual influenza vaccination. Participants
randomized to the control group received a leaflet
with standard advice about measures that have been
reported to help reduce infections or asthma exacerba-
tions.”"> Participants randomized to the intervention
group received an information leaflet with an addi-
tional section recommending taking 1 Lab4 (Cultech
Ltd) probiotic capsule daily from October to the end
of March. In addition, the intervention group received
3 tokens with which they could request 2 months of
supplies at a time from the manufacturer via telephone
or Internet, which are the methods by which Lab4 is
currently sold. Lab4 is a patented blend of 4 probiotic
bacteria comprising 2 strains of Lactobacillus acidophilus
CUL60 (NCIMB 30157) and CUL21 (NCIMB 30156),
Bifidobacterium bifidum CUL20 (NCIMB 30153) and B ani-
malis (var lactis) CUL34 (NCIMB 30172) at a total 2.5 X
10'° colony-forming units per capsule.

Outcome Measures

All outcome measures were prespecified in the statisti-
cal analysis plan, which was finalized before database
lock. The primary outcome measure was the propor-
tion of participants who, within the 6-month period for
which probiotics were recommended, were prescribed
at least 1 new course of 1 of the following antibiotics
locally used for respiratory tract infections: amoxicillin,
azithromycin, cefaclor, cephalexin, ciprofloxacin, clar-
ithromycin, co-amoxiclav, doxycycline, erythromycin,
or phenoxymethylpenicillin. Secondary outcomes were
based on consultations for URT]Is, lower respiratory tract
infections (LRTIs), asthma exacerbation or any respira-
tory tract infection, and the number and cost of antibi-
otic courses prescribed during the 6-month intervention
period. Full outcome measures, along with methods
used to define different forms of respiratory tract infec-
tion, asthma exacerbations, and new episodes of illness,
are described in Supplemental Appendix 2, http:/www.
annfammed.org/content/14/5/422/suppl/DC1.

Outcome data were extracted from participants'
medical records for the 6-month period when probi-
otic consumption was recommended, October 1, 2013,
to March 31, 2014, by a single investigator blinded to
treatment allocation.

Statistical Analysis

In the study primary care practice, 28.4% of all
patients with a current asthma diagnosis had received

1 or more of the specified antibiotics during the win-
ter before this study (October 2012 to March 2013).
The Cochrane systematic review found probiotics are
associated with reduced antibiotic prescribing for acute
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URTI compared with placebo (relative risk [RR]=0.67;
95% CI, 0.45-0.98).2 For an 80% power to detect a
smaller effect size (RR=0.77) in this pragmatic study,
with anticipated 20% loss of outcome data and a 5%
contamination rate in the control group, we planned to
randomize 1,258 participants.

Intention-to-treat analysis included all partici-
pants with data available for the relevant outcome in
the groups to which they were originally assigned,
regardless of whether they took the intervention. Per
protocol analyses were used to compare 2 subgroups—
participants who ordered probiotics 1 or more or 2 or
more times—with the control group. Adjusted analyses
used logistic regression for binary outcomes, linear
regression for continuous outcome variables, and ¢ tests
for cost data with boot-strapping to provide robust
confidence intervals on these estimates. Variables

adjusted for were age-group, sex, asthma severity (see
Supplemental Appendix 3, http://www.annfammed.
org/content/14/5/422/suppl/DC1), and numbers of
courses of any antibiotics prescribed in the 12 months
before entry into the trial. Sensitivity analyses further
adjusted for receiving influenza vaccine during the
trial. Multiple comparisons were assessed using the
Hochberg procedure to control for false discovery.'®

RESULTS

Recruitment and flow of participants are displayed

in Figure 1. Losses to follow-up were low—14 (2.1%)
participants in the intervention group; 18 (2.8%) in the
control group. Primary analyses included the remaining
1,270 participants (638 intervention; 632 control), with
the 2 fatalities also included in adverse events analy-
sis. The recommended probiotic was accessed

recruitment and flow through the study.

Figure 1. CONSORT flow diagram showing participant

by 121 (19.0%) participants in the intervention
group at least once (2 or more months' supply),
and 86 (13.5%) at least twice (4 or more months’

1,457 assessed for eligibility

supply). Blinding and contamination are dis-
cussed in Supplemental Appendix 4, http:/www.
annfammed.org/content/14/5/422/suppl/DCI1.

155 excluded

Y

141 same household
14 aged 0-4 years

Outcome of Randomization
Table 1 shows the baseline characteristics of

Y
1,302 randomized

Y

652 probiotic

123 accessed probiotic
at least once

\ 4
650 control

88 accessed probiotic
2 to 3 times

Y

638 followed-up
14 lost to follow-up
2 died
10 moved out of area

\4

632 followed-up
18 lost to follow-up
17 moved out of area

1 other reason

2 other reason

Y
638 analyzed-ITT
121 PP1®
86 PpP2?

Y
632 analyzed-ITT

both randomization groups with few signifi-
cant differences between randomized groups.
The participants who accessed probiotics in
the intervention group—used for per protocol
analyses—show some differences from the con-
trol group. They were generally older and had
asthma diagnosed later in life, and they were
more likely to have had an asthma review and
influenza vaccine in the last 12 months. There
was no significant difference between groups in
the proportion of prescribed antibiotics in the
last 12 months or in other chronic disease rates,
when adjusted for age and sex.

Effect of the Study Intervention on
Antibiotic Use

Table 2 shows the study outcomes relating to
antibiotic use for the intention-to-treat and

per protocol analyses. We found no difference
between treatment groups in our primary out-
come measure—prescription of a specified anti-
biotic during the study period—in intention-to-
treat (odds ratio [OR]=1.04; 95% CI, 0.82-1.34)

tion to treat.

Each set included sufficient probiotics for 2 months.

CONSORT = Consolidated Standards of Reporting Trials; PP = per protocol; ITT = inten-

2 PP1is 1 or more sets of probiotics ordered; PP2 is 2 or more sets of probiotics ordered.

or per protocol analyses for 1 or more probiotic

token used (adjusted odds ratio [AOR] 1.08; 95%
ClI, 0.69-1.69) or 2 or more probiotic tokens used
(AOR 1.04; 95% Cl, 0.62-1.75, Figure 2). We also
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found no difference in secondary outcomes—use of any  given in the intervention (intention-to-treat) group com-

antibiotic, any antibiotic given for URTI or any respira-  pared with the control group (ie, a detrimental effect),
tory tract illness, number of antibiotic courses, or total but when adjusted for multiple testing this was not
cost of antibiotics—in unadjusted or adjusted analyses. found to be significant.' For the 10 separate antibiotic
We found weak evidence for a higher mean number of outcomes evaluated, the threshold is P=.005, using the
respiratory tract episodes for which antibiotics were false discovery method of Hochberg.
Table 1. Baseline Characteristics of Study Participants
Randomized Randomized Obtaining any Obtaining 2-3
Control Group Intervention Group Probiotic Package Probiotic Packages
Characteristic (n =650) (n =652) (n=123) (n=88)
Age-group, y
5-18, No. (%) 80 (12) 80 (12) 10 (8) 7 (8)
19-34, No. (%) 95 (15) 101 (15) 7 (6) 22
35-59, No. (%) 254 (39) 251 (38) 34 (28) 21 (24)
260, No. (%) 221 (34) 220 (34) 72 (59) 58 (66)
Age, median (range),® y 48 (32-66) 49 (32-65) 64 (46-70) 65 (54-74)°
Male, No, (%) 277 (43) 316 (49)¢ 52 (42) 42 (48)
Body mass index, median (range)? 26.8 27.2 28.2 27.4
(23.5-30.7) (24.2-30.7) (25.0-31.2) (24.9-30.9)
Age when asthma diagnosed, 31 (11-52) 33 (11-50) 46 (30-59)° 47 (31-61)°
median (range),® y
Ethnic group
White, No. (%) 577 (89) 595 (91) 109 (89) 82 (93)
Black, No. (%) 2(0.3) 1(0.2) 0(0) 0(0)
Asian, No. (%) 4 (0.6) 1(0.2) 0(0) 0(0)
Mixed, No. (%) 45 (7) 39 (6) 12 (10) 6 (7)
Not specified, No. (%) 22 (3) 16 (3) 2(2) 0 (0)
Smoking status
Never smoked, No. (%) 385 (60) 368 (57) 76 (62) 54 (61)
Ex-smoker, No. (%) 188 (29) 200 (31) 37 (30) 29 (33)
Current smoker, No. (%) 66 (10) 67 (10) 7 (6) 3(3)
Not specified, No. (%) 11 (2) 17 (3) 3(2) 2 (2)
Asthma severity
Step 1, No. (%) 103 (16) 116 (18) 15 (12) 7 (8)
Step 2 or 3, No. (%) 283 (44) 272 (42) 51 (42) 41 (47)
Step 3 or 4, No. (%) 202 (31) 207 (32) 40 (33) 27 (31)
Step 5, No. (%) 62 (9) 57 (9) 16 (13) 13 (15)
Other disease registers
Diabetes mellitus, No. (%) 56 (9) 37 (6) 5 (4) 4 (5)
Coronary heart disease, No. (%) 36 (6) 32 (5) 10 (8) 9 (10)
Stroke or TIA, No. (%) 1) 17 3) 2@2) 101
COPD, No. (%) 43 (7) 46 (7) 9(7) 8 (9)
Cancer, No. (%) 31 (5) 37 (6) 13 (1) 9 (10)°
Rheumatoid arthritis, No. (%) 5 (0.8) 4 (0.6) 1(0.8) 1(1)
In last 12 mo
Any antibiotics, No. (%) 330 (51) 327 (50) 71 (58) 55 (63)°
Oral corticosteroids, No. (%) 132 (20) 123 (19) 26 (21) 21 (24)
Asthma review, No. (%) 377 (58) 373 (57) 86 (70)¢ 64 (73)¢
Influenza vaccine, No. (%) 416 (64) 409 (63) 98 (80)° 72 (82)°
COPD = chronic obstructive pulmonary disease; TIA = transient ischemic attack.
Note: Comparisons are made between randomized groups and for those within the intervention group who obtained probiotic packages at least once, and 2 to 3 times.
2 Range of 25th to 75th percentile.
bp <.001.
<P <.05
9P <.01 comparing intervention group or per protocol groups obtaining probiotics with the control group (unadjusted analysis). No other such comparisons were
significant.
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Table 2. Effects of Advice to Take Probiotics on Antibiotic Prescribing Outcomes

Randomized

Control Group

Randomized

Intervention Group?

Obtaining Any

Probiotic Package®

Obtaining 2-3

Probiotic Packages®

(n=632) (n =638) (n=121) (n = 86)
Outcome No. (%) No. (%) No. (%) No. (%)
Taken any selected antibiotic 170 (26.9) 177 (27.7) 38 (31.4) 28 (32.6)
Taken any antibiotic 212 (33.5) 216 (33.9) 46 (38) 32 (37.2)
Had URT! without wheeze, 27 (4.3) 30 (4.7) 5 (4.1) 4(4.7)
treated by antibiotics
Had respiratory episode, 129 (20.4) 143 (22.4) 31 (25.6) 24 (27.9)

treated by antibiotics

Selected antibiotic course
Any antibiotic course

Mean No. (%)¢

Mean No. (%)¢

Mean No. (%)¢

Mean No. (%)¢

0.42 (17.4, 9.5)
0.59 (19.6, 13.9)
0.04 (4.1,0.2)

0.47 (16.3, 11.4)
0.61 (19.0, 14.9)
0.05 (4.1, 0.6)

0.50 (9.8, 11.6)
0.64 (24.0, 14.0)
0.04 (4.1, 0.0)

0.51 (19.8, 12.8)
0.63 (20.9, 16.3)
0.05 (4.7, 0.0)

URTI without wheeze given
antibiotic course

Combined all respiratory
episodes given antibiotic

0.23 (18.2, 2.2) 0.30 (16.1, 6.3)° 0.32 (19.0, 6.6) 0.35 (20.9, 7.0)

course
Mean £ (SD) Mean £ (SD) Mean £ (SD) Mean £ (SD)
Total cost per person of 1.49 (10.9) 1.75 (16.58) 4.41 (37.18) 5.74 (44.08)
selected antibiotic
Total cost per person of all 2.41 (11.68) 2.38 (16.96) 4.74 (37.18) 5.98 (44.07)

antibiotics

AOR = adjusted odds ratio; Diff = difference; IRR = incidence rate ratio; URTI = upper respiratory tract infection.

Note: Comparison is made between randomized groups comparing the intervention group with the control group, and the randomized control group with the per protocol
groups after additional advice and obtaining probiotic.

2 From unadjusted analyses.
b From analyses adjusted for age-group, sex, asthma severity and use of any antibiotics in 12 months before study.

Effect of the Study Intervention
on Respiratory Tract Health
Table 3 shows outcomes related

to respiratory tract health for the

- intention-to-treat and per protocol
analyses. We found no difference

1.5 between treatment groups in respira-
tory tract outcomes: any URTI, any
asthma exacerbation, any respiratory
tract infection, or total episodes of
each of these categories in intention-
to-treat or per protocol analyses,
using unadjusted or adjusted analy-
ses. We found weak evidence for
detrimental effects in the interven-
tion group in the number of people
with an LRTI and mean number of
LRTIs per person, but these were
not significant when adjusted for
multiple testing (threshold for respi-
ratory tract outcomes P =.0125).'

Figure 2. Summarized effect size for the study primary outcome.

OR (95% CI)
'—

0.5

ITT PP1° PP2°

Data Set Analyzed

ITT = intention to treat; OR = odds ratio; PP = per protocol.

Note: Data represent the OR (95% Cl) for 1 or more antibiotic prescriptions during the 6-month interven-
tion period compared with control group. OR is unadjusted for the ITT analysis, and adjusted for age-
group, sex, asthma severity, and use of any antibiotics in the 12 months before the study for per protocol Adverse Effects of the

analyses. Intervention
2 PP1is 1 or more sets of probiotics ordered; PP2 is 2 or more sets of probiotics ordered. Each set included There was no signiﬁcant difference

sufficient probiotics for 2 months.
in serious adverse events between
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Randomized

Intervention Group?

OR (95% Cl)¢

Obtaining Any

Probiotic Package®

AOR (95% Cl)¢

Obtaining 2-3

Probiotic Packages®

AOR (95% Cl)¢

1.04 (0.82 to 1.34)
1.01 (0.80 to 1.28)
1.11 (0.65 to 1.88)

1.13 (0.86 to 1.47)

IRR (95% CI):

1.08 (0.69 to 1.69)
1.09 (0.71 to 1.68)
1.15 (0.42 10 3.12)

1.16 (0.72 to 1.87)

IRR (95% CI)<

1.04 (0.62 to 1.75)
0.97 (0.58 1o 1.6)
1.54 (0.5 10 4.72)

1.2 0.7 to 2.06)

IRR (95% CI)c

1.11 (0.88 to 1.38)
1.03 (0.84 to 1.26)
1.24 (0.72 10 2.12)

1.31 (1.03 to 1.66)

Diff, £ (95% Cl)f

1.02 (0.71 to 1.46)
0.95 (0.69 to 1.32)
1.08 (0.41 10 2.83)

1.24 (0.87 to 1.78)

Diff, £ (95% Cl)'

0.97 (0.64 t0 0.46)
0.88 (0.6 to 1.29)
1.36 (0.47 to 3.99)

1.26 (0.84 to 1.88)

Diff, £ (95% Cl)f

0.25 (-1.29 to 1.79) 2.33 (-3.80 to 8.46)

~0.04 (-1.62 to 1.54) 1.74 (-3.84 t0 8.51)

3.50 (-5.26 to 12.27)

2.81 (-5.14 1o 12.15)

younger children that probiotics reduce
respiratory tract infections and result-
ing antibiotic prescription rates, and
they cast doubt on the reproducibility
of those findings in older children and
adults with asthma using information
leaflets. Our data suggest that real-world
use of probiotics to prevent winter infec-
tions and reduce antibiotic use cannot
yet be recommended despite positive
findings in a Cochrane review—at least
not in older children and adults with
asthma. Winter infections are not neces-
sarily all captured, as we only analyze
those reported to the physician. There
is little reason to believe, however, that
there would be differential reporting of
infections between treatment arms. Anti-
biotic prescriptions are generally cap-
tured data, because they would appear
in general practice records, so this more

important outcome is collected robustly.

< Compared with the randomized control group.
d Percentages with 1, with 2 or more.
¢ P <.05 compared with the control group.

fCompared with the randomized control group with boot-strapped confidence interval.

The 2011 Cochrane systematic
review found participants treated with
probiotics had a reduced risk of anti-
biotic use for acute URTIs (RR=0.67;

treatment groups (Table 4) when corrected for mul-
tiple testing.'® This finding is further discussed in
Supplemental Appendix 5, http://www.annfammed.org/
content/14/5/422/suppl/DC1.

DISCUSSION

In this pragmatic RCT of a recommendation for adults
and older children with asthma to take daily probiot-
ics during a single winter, we found no evidence that
the intervention of advice leaflets recommending
probiotic supplementation, with free access to such
supplements, can reduce antibiotic prescriptions or
promote improved respiratory tract health. Although
only approximately 20% of these participants followed
the intervention leaflet advice and took probiotics (per
protocol groups), we found no evidence that probiot-
ics influenced study outcomes in the per protocol
groups. It is possible that those who accessed the
probiotic would have had more respiratory tract infec-
tions and resulting antibiotics without the probiotic,
but adjustment for likely confounding factors failed to
show any evidence to support this likelihood (see also
Supplemental Appendix 6, http:/www.annfammed.org/
content/14/5/422/suppl/DC1). These results differ from
previous findings in controlled trials mainly involving

95% CI, 0.45-0.98) and for 1 or more
URTIs (OR=0.55; 95% CI, 0.35-0.86).!
Our data challenge this finding—our 95% confidence
intervals do not overlap with the point estimate of the
odds ratios or relative risks of the Cochrane review.
Differences between our study and those in the
Cochrane review include the age-group studied, our
focus on people with asthma, the probiotic strain(s)
used, and our pragmatic trial design—the use of infor-
mation leaflets and the offer of free probiotics.

The developing immune system at younger ages
may be more sensitive to immunological changes in the
gastrointestinal tract triggered by taking probiotics,'”
and 95% of subjects included in the Cochrane review
were aged under 8 years compared with only 3% in
our study. Three recent RCTs published subsequent to
the Cochrane review found positive effects of probiot-
ics in pediatric populations when used to prevent respi-
ratory tract infections.'®?* The studies in the Cochrane
review' also included very few people with asthma,
and it is possible that the immunopathology of asthma
leads to a differential response to probiotics.?'*> One
small pilot study suggested probiotics may have posi-
tive effects in asthma, although the inconclusive find-
ings were due to low statistical power.*

All 3 studies included in the meta-analysis on
antibiotic prescribing in the Cochrane review, and
all 4 studies in another meta-analysis showing similar
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Table 3. Effects of Advice to Take Probiotics on Respiratory Outcomes Not Related to Antibiotic Prescriptions

Asthma exacerbations or wheeze 0.17 (11.1, 2.4)

Total respiratory episodes 0.37 (21.4, 6.6)

0.16 (10.5, 2.7)
0.42 (20.5, 8.9)

Randomized Randomized Obtaining Any Obtaining 2-3
Control Group  Intervention Group®  Probiotic Package®  Probiotic Packages®
(n=632) (n=638) (n=121) (n=86)
Outcome No. (%) No. (%) No. (%) No. (%)
Had any URTI without wheeze 43 (6.8) 8 (7.5) 1(9.) 7 (8.1)
Had any LRTI without wheeze 3 (10.0) 87d (13.6) 7 (14.0) 1(12.8)
Had any asthma exacerbations, wheeze 5(13.4) 4(13.2) 9 (15.7) 5 (17.4)
Had any respiratory infection 177 (28.0) 188 (29.5) 0 (33.1) 9 (33.7)
Received influenza vaccine during trial 430 (68.0) 454 (71.2) 111 (91.7)¢ 8 (90.7)f
Received asthma review during trial 221 (35.0) 207 (32.4) 7 (38.8) 6 (41.9)
Mean No. (%) Mean No. (%) Mean No. (%) Mean No. (%)
URTIs without wheeze 0.08 (5.4, 1.4) 0.09 (6.6, 0.9) 0.09 (9.1, 0.0) 0.08 (8.1, 0.0)
LRTIs without wheeze 0.12 (8.5, 1.4) 0.1(10.8, 2.8)¢ 0.17 (10.7, 3.3) 0.15 (10.5, 2.3)

0.18 (13.2, 2.5)
0.45 (24.0, 9.1)

0.21 (14.0, 3.5)
0.44 (24.4,9.3)

AOR =adjusted odds ratio; IRR = incidence rate ratio; LRTI =

2 From unadjusted analyses.

lower respiratory tract infection; URTI = upper respiratory tract infection.

Note: Comparison is made between randomized groups comparing the intervention group with the control group and between the per protocol groups of participants
after additionaladvice and obtaining probiotics during the study, to the randomized control group.

b From analyses adjusted for age-group, sex, asthma, severity, any use of any antibiotics in 12 months before the study.

evidence for a benefit, evaluated L rhamnosus GG, in
some instances in conjunction with a second probiotic,
B lactis Bb-12.2* Immune effects of probiotics may be
species- or strain- rather than genus-specific.2*? It is
also possible that publication bias, which is difficult to
assess in meta-analyses of small numbers of studies, or
time-lag bias may have contributed to the Cochrane
review's findings.?® We identified a data-entry error in
the 2011 Cochrane review and an issue of differential
loss to follow-up—an assumption that the 18.3% in the
probiotic group and 4.6% in the control group who
were lost to follow-up would all have had no URTIs—
both relating to the included studies of Hao et al> and
Cobo Sanz et al*” (Supplemental Appendix 7, http://
www.annfammed.org/content/14/5/422/suppl/DC1).

Together with our negative trial findings, these issues
support a need to update the Cochrane systematic
review of probiotics for URTI.

One final explanation for the difference between
our findings and those of previous studies may be the
use of intact probiotic capsules or tablets rather than a
liquid formulation. Only 1 of 2 RCTs in the Cochrane
review using a nonliquid probiotic formulation for pre-
vention of respiratory tract infections showed a ben-
efit in reducing URTIs.2%?° Since then, 1 other RCT
showed reduced symptoms of URT]Is using probiotic
capsules,?’
participants dissolved the capsules’ powder contents in

although it is unclear whether the young

liquid, as other pediatric studies have done.?® If probi-
otics prevent URT]I through local effects on the upper

Table 4. Serious Adverse Events

Randomized Control Randomized Obtaining Any Probiotic Obtaining 2-3

Group Intervention Group Package Probiotic Packages
(n=632) (n = 640) (n=122) (n=287)
Event Category No. % (95% Cl) No. % (95% Cl) No. % (95% Cl) No. % (95% Cl)
Respiratory 10 1.6 (0.8-2.9) 6 0.9 (0.3-2.0) 1 0.8 (0.02-4.5) 1 1.1 (0.03-6.2)
Gastrointestinal 6 0.9 (0.3-2.1) 10 1.6 (0.8-2.9) 0.0 (0.0-3.0) 0 0 (0-4.2)
Infection (excluding 2 0.3 (0.04-1.1) 4 0.6 (0.2-1.6) 2 1.6 (0.2-5.8) 1 1.1 (0.03-6.2)
above)

Other 20 3.2 (1.9-4.8) 31 4.8 (3.3-6.8) 102 8.2 (4.0-14.6) 6 6.9 (2.6-14.4)
Note: Each category of event is compared according to the randomized groups and the per protocol groups of those receiving additional advice who obtained probiot-
ics, counting number of participants affected by each category of event.
2 P <.05 compared with control group, adjusted for age and sex.
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Trial Registration: ISRCTN 61742917.

Randomized

Intervention Group?

OR (95% Cl)¢

Obtaining Any

Probiotic Package®

AOR (95% Cl)¢

Obtaining 2-3

Probiotic Packages®

AOR (95% Cly¢
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treatment allocation. We are grateful to Susan Plummer
from Cultech Ltd, Swansea, UK, for agreeing to supply Lab4

111 (0.73-1.71)
1.43 (1.01,2.01)
0.98 (0.71-1.35)
1.07 (0.84-1.37)
1.16 (0.91-1.47)
0.89 (0.71-1.13)
IRR (95% CI):

1.56 (0.76-3.20)
1.29 (0.71-2.33)
1.12 (0.64-1.99)
1.19 (0.77-1.84)
434 (2.12-8.91)
0.94 (0.62-1.43)

IRR (95% CI)°

1.5 (0.63-3.59)

1.07 (0.53-2.18)
1.17 (0.61-2.23)
1.16 (0.70-1.93)
2.95 (1.31-6.65)
1.01 (0.62-1.63)
IRR (95% CI)*

probiotics) for this study without charge. Robert J. Boyle is
supported by the National Institute for Health Research Bio-
medical Research Centre, and the MRCGAsthma UK Centre for
Allergic Mechanisms in Asthma.

~a Supplemental materials: Available at http://www.
annfammed.org/content/14/5/422/suppl/DC1/.

1.03 (0.67-1.58)
1.47 (1.05-2.04)
0.95 (0.70-1.31

)
1.13 (0.92-1.38)

1.15 (0.55-2.42)
1.34 (0.78-2.32)
1.00 (0.59-1.68)
1.17 (0.84-1.62)

1.06 (0.43-2.62)
1.12 (0.58-2.16)
1.03 (0.58-1.84)
1.09 (0.75-1.59)
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