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ABSTRACT
Background

Influenza vaccination is recommended for asthmatic patients in many countries as observational studies have shown that influenza
infection can be associated with asthma exacerbations. However, influenza vaccination has the potential to cause wheezing and adversely
affect pulmonary function. While an overview concluded that there was no clear benefit of influenza vaccination in patients with
asthma, this conclusion was not based on a systematic search of the literature.

Objectives
The objective of this review was to assess the efficacy and safety of influenza vaccination in children and adults with asthma.
Search methods

We searched the Cochrane Airways Group trials register and reviewed reference lists of articles. The latest search was carried out in
November 2012.

Selection criteria

We included randomised trials of influenza vaccination in children (over two years of age) and adults with asthma. We excluded studies
involving people with chronic obstructive pulmonary disease.

Data collection and analysis

Inclusion criteria and assessment of trial quality were applied by two review authors independently. Data extraction was done by two
review authors independently. Study authors were contacted for missing information.

Main results

Nine trials were included in the first published version of this review, and nine further trials have been included in four updates. The
included studies cover a wide diversity of people, settings and types of influenza vaccination, and we pooled data from the studies that
employed similar vaccines.

Protective effects of inactivated influenza vaccine during the influenza season

A single parallel-group trial, involving 696 children, was able to assess the protective effects of influenza vaccination. There was no
significant reduction in the number, duration or severity of influenza-related asthma exacerbations. There was no difference in the forced
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expiratory volume in one second (FEV}) although children who had been vaccinated had better symptom scores during influenza-
positive weeks. Two parallel-group trials in adults did not contribute data to these outcomes due to very low levels of confirmed influenza
infection.

Adverse effects of inactivated influenza vaccine in the first two weeks following vaccination

Two cross-over trials involving 1526 adults and 712 children (over three years old) with asthma compared inactivated trivalent split-
virus influenza vaccine with a placebo injection. These trials excluded any clinically important increase in asthma exacerbations in
the two weeks following influenza vaccination (risk difference 0.014; 95% confidence interval -0.010 to 0.037). However, there was
significant heterogeneity between the findings of two trials involving 1104 adults in terms of asthma exacerbations in the first three days
after vaccination with split-virus or surface-antigen inactivated vaccines. There was no significant difference in measures of healthcare

utilisation, days off school/symptom-free days, mean lung function or medication usage.
Effects of live attenuated (intranasal) influenza vaccination

There were no significant differences found in exacerbations or measures of lung function following live attenuated cold recombinant
vaccine versus placebo in two small studies on 17 adults and 48 children. There were no significant differences in asthma exacerbations
found for the comparison live attenuated vaccine (intranasal) versus trivalent inactivated vaccine (intramuscular) in one study on 2229
children (over six years of age).

Authors’ conclusions

Uncertainty remains about the degree of protection that vaccination affords against asthma exacerbations that are related to influenza
infection. Evidence from more recently published randomised trials of inactivated split-virus influenza vaccination indicates that there
is no significant increase in asthma exacerbations immediately after vaccination in adults or children over three years of age. We were

unable to address concerns regarding possible increased wheezing and hospital admissions in infants given live intranasal vaccination.

PLAIN LANGUAGE SUMMARY
Vaccines for preventing flu in people with asthma

Asthma is a condition that affects the airways - the small tubes that carry air in and out of the lungs - and the symptoms are generally
coughing, wheezing, shortness of breath and chest tightness. The symptoms can be occasional or persistent. When a person with asthma
breathes in an asthma trigger (something that irritates their airways), the muscles around the walls of the airways tighten so that the
airways become narrower and the lining of the airways becomes inflamed and starts to swell. For many people with asthma, cold and
flu viruses trigger their symptoms. Therefore, getting a flu virus makes their asthma worse and having a flu jab (influenza vaccine) may
protect people against some of the flu viruses that they will come into contact with in a given winter. However, the effects of a flu jab
(vaccination) are not straightforward as there is also the possibility that the flu jab itself could cause a worsening of asthma. Current
guidelines in the UK recommend that high-risk groups such as people with severe asthma should have a flu jab each winter (NHS
Choices); however, there is limited evidence for this approach.

In this review, we evaluated evidence from randomised trials (RCTs) in relation to potential benefits and harms of all types of influenza
vaccination in adults and children (over the age of two years) with asthma.

One trial in 696 children assessed the benefits of injecting inactivated influenza vaccine (inactivated virus vaccines are the type currently
used in the US and UK and cannot cause flu). There were no significant differences in the number of people experiencing an asthma
attack (worsening of symptoms); however, there were better symptom scores (people reporting fewer asthma symptoms) in weeks in
which children had a positive test for influenza, in those who had received the jab compared to those who did not.

Two trials involved 1526 adults and 712 children who were given inactivated influenza vaccination, examined the harmful effects caused
immediately after injection. These studies ruled out the likelihood of any more than four out of 100 people having a resultant asthma
attack in the first two weeks after getting their flu jab. There was not enough information to compare different vaccination types.
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BACKGROUND

The primary goal of influenza vaccination policy has been the
reduction of excess deaths associated with influenza epidemics
(Barker 1982). Mortality statistics suggest that influenza may be
associated with 3000 excess deaths per year in the UK alone and
in epidemic years this may increase to as many as 18,000 (Ashley
1991). A large observational study in the US compared expected
with observed mortality during seven influenza epidemics between
1957 and 1966 with similar results (Housworth 1974). These re-
sults have consistently demonstrated the majority of excess mor-
tality during influenza outbreaks occurs in the elderly population.
The major limitations of these studies involve a lack of a direct
causal link between mortality and influenza infection and the bi-
ases inherent in their retrospective research methods (Patriarca

1994).

While there is still little evidence that influenza vaccination has
an impact upon mortality, a randomised controlled trial (RCT) of
patients aged over 65 years without known risk factors has demon-
strated a 50% reduction in serologically confirmed influenza in-
fection (Govaert 1994). One review advocated immunisation of
all patients aged over 65 years, irrespective of risk factor status
(NHS CRD 1996), despite the lack of supporting evidence for
this approach. However, the current policy in the UK and many
other countries is to concentrate on those who are deemed to be
at higher risk including those with severe asthma (NHS Choices
2011). Recommendations for asthmatics are not supported by ev-
idence from RCTs, and provide no indication of which subgroups
of patients with asthma, if any, should receive immunisation.

Observational studies have shown that exacerbations of asthma in
children are often associated with viral infections; however, there
is disagreement between studies on the relative importance of in-
fluenza compared to other viruses in this respect (McIntosh 1973;
Roldaan 1982; Johnston 1995). To counter the argument that
immunisation might benefit patients, the potential exists for in-
fluenza vaccination to precipitate an exacerbation in some asth-
matics. This is one reason why some physicians remain reluctant
to recommend the vaccine for people with asthma (Rothbarth

1995).

While the beneficial effect of influenza vaccine in people with
asthma may be limited and there exists some concern about po-
tential harm, other research suggests that some asthmatics who
acquire influenza infections demonstrate reductions in pulmonary
function (Kondo 1991). Therefore, immunisation has the poten-
tial to protect asthmatic patients from deterioration in lung func-
tion.

One previously published overview addressed the issue of influenza
vaccination in patients with asthma and chronic obstructive pul-
monary disease (COPD) (Rothbarth 1995). This review con-
cluded that there was no clear benefit of influenza vaccination in
patients with asthma and COPD. One review (Nicholson 2003)
concluded that influenza vaccination is safe in asthma. However,

these results were not based on a systematic search of the published
and unpublished literature. Moreover, other methodological issues
limit the validity of their conclusions.

This systematic review aims to systematically search for, and com-
bine all evidence from, RCTs relating to the effects of influenza
vaccination in asthmatic patients in order to generate the best
available evidence on which to base recommendations for clinical

practice and further research.

OBJECTIVES

To assess the efficacy and harms of influenza vaccination in chil-
dren and adults with asthma.

METHODS

Criteria for considering studies for this review

Types of studies
We included RCTs with or without blinding.

Types of participants

We included asthmatic children (mean age greater than two years)
and adults of all degrees of severity, irrespective of living arrange-
ments (independent, institutional, etc.). We excluded studies re-
porting results on patients with COPD; however, we included data
from studies of mixed populations if separate data on the asth-
matic patients were available from the article or following contact
with the authors.

Types of interventions

We included vaccination with any influenza vaccine including
live, inactivated, whole, split virus, monovalent, bivalent, triva-
lent, polyvalent, A and B. We included the following comparison
groups; placebo, no vaccine or another type of influenza vaccine.

Types of outcome measures

Protective effects of vaccination were measured during the in-
fluenza season (late benefits), while adverse effects caused by vac-
cination were measured in the first two weeks following vaccina-
tion (early adverse effects). We included the following outcomes
measures under both categories:

1. asthma exacerbations;

2. admission to hospital (asthma related and from all causes);

3. pneumonia (confirmed by chest X-ray);

Vaccines for preventing influenza in people with asthma (Review)
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4. asthma symptom scores, both in the two weeks and six
months following immunisation;

5. lung function measurements (peak expiratory flow (PEF),
forced expiratory volume in one second (FEV); both absolute
and % predicted), both in the two weeks and six months
following immunisation;

6. number of visits to the emergency department or for other
medical attention (excluding routine visits) concerning asthma
in the two weeks and six months following immunisation;

7. number of rescue courses of corticosteroids (e.g.
prednisolone, prednisone, dexamethasone or triamcinolone) in
the two weeks and six months following immunisation;

8. mortality.

Search methods for identification of studies

Electronic searches

We searched the Cochrane Airways Group Specialised Register
of trials (CAGR), which is derived from systematic searches of
bibliographic databases including the Cochrane Central Regis-
ter of Controlled Trials (CENTRAL), MEDLINE, EMBASE,
CINAHL, AMED and PsycINFO, and handsearching of respira-
tory journals and meeting abstracts (see Appendix 1 for further
details). All records in the CAGR coded as ’asthma’ were searched
using the following terms:

((vaccin* or immuni*) and (influenza* or flu*)) or (lumist or
trivalent or CAIV or LAIV or medimmune).

All databases were searched from their inception to the present and
there was no restriction on language of publication or publication
status. The most recent search was conducted in November 2012.

Searching other resources

We checked all references in the identified trials and contacted
authors of included studies to identify any additional published or
unpublished data. We also checked review articles for references
to missed studies.

Data collection and analysis

Selection of studies

Two review authors (CJC and TOYJ) assessed titles and abstracts
identified from the computerised search. We obtained the full
text of all potentially relevant citations for independent assessment
by two review authors (CJC and AB), who identified studies for
inclusion. We resolved disagreement by consensus. We contacted
study authors for clarification where necessary.

Data extraction and management

Data on the trial characteristics and outcomes was extracted from
the papers and entered into Review Manager (RevMan 2011) by
one review author (CJC) and checked by a second review author

(JS or CK).

Assessment of risk of bias in included studies

Two review authors (CJC and EB), independently assessed risk
of bias for each study using the criteria outlined in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).
Any disagreement was resolved by discussion between the review
authors. Data were checked and entered onto the computer by
one review author (CJC). We assessed the risk of bias according
to the following domains:

. random sequence generation;

. allocation concealment;

. blinding of participants and personnel;

1
2
3
4. blinding of outcome assessment;
5. incomplete outcome data;

6. selective outcome reporting; and
7. other bias.

We graded each potential source of bias as high, low or unclear.

Measures of treatment effect

Weighted treatment effects (using random effects) were calculated
across trials using the Cochrane statistical package, RevMan 2011.
Dichotomous outcomes were expressed as odds ratio (OR) and
95% confidence intervals (CI) and risk difference (RD) with 95%
CI. Continuous outcomes were calculated as weighted mean dif-
ference (WMD) with 95% CI. Analyses were performed on the
benefits of vaccination over the full influenza season, and the short-

term harms experienced in the two weeks following vaccination.

Unit of analysis issues

Cross-over trials were included along with parallel group study de-
signs in this review. The binary results were analysed using paired
binomial proportions or discordant pairs, and the results com-
bined with the parallel trials using the generic inverse variance
method for the 2012 update. Analysis using paired data in this
way was possible for Castro 2001 and Nicholson 1998; however,
Kmiecik 2007 only provided descriptive statistics and was there-
fore analysed as if it was a parallel trial.

Subgroup analysis and investigation of heterogeneity

Subgroup analysis of first time and repeat vaccinees were carried
out where there were sufficient data.

Vaccines for preventing influenza in people with asthma (Review)
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Sensitivity analysis

Sensitivity analyses were planned to compare the immediate and
delayed response to whole virus and split virus vaccines in children
and adults, as adverse reactions have been reported to be more
frequent with whole virus vaccination in children. Comparison of
the main outcomes in long-term hospital care and those in the
community were planned.

RESULTS

Description of studies

See: Characteristics of included studies; Characteristics of excluded
studies.

Results of the search

The original database search identified 36 abstracts for screening
and 26 were selected for possible inclusion in the review. Two
further papers were identified from references in other papers
(Govaert 1992; Govaert 1994). The full text of each paper was
obtained and translated when necessary (three from German). Pa-
pers were excluded for the following reasons: retrospective studies
(five studies); not randomised (five studies); COPD (two studies)
and no separate asthma data (five studies). Nine studies were in-
cluded in this review with complete agreement between the two
review authors. Two further studies had been identified for the
first update of this review; one was excluded as it was not ran-
domised (Ahmed 1997) and one new study was included (Reid
1998). Four further studies were identified for the second update
and have been included (Sener 1999; Castro 2001; Redding 2002;
Bueving 2003). One of these studies is the subject of three papers
on different aspects of the trial (Castro 2001) and the other papers
are shown as secondary references.

Further searches up to December 2007 identified 22 new abstracts;
from these one large new study was included (Fleming 2006). Au-
thors of two other large studies on young children were contacted
(Ashkenazi 2006, Belshe 2007) to try to obtain data on the subset
of children with asthma. All of the new included studies compared
intranasal live attenuated vaccine to trivalent inactivated vaccine
(TIV). Seven abstracts were publications relating to studies in this
review, four were not randomised studies and one allocated pa-
tients to treatment by alternation (Chiu 2003). One small study
was also excluded as it was not possible to contact the authors to
clarify if randomisation occurred (Kim 2003).

A further search was carried out in November 2012, which identi-
fied 20 references to 16 trials. These were independently assessed
by two review authors (CJC and JS or CK) and two new trials were
included (Kmiecik 2007; Pedroza 2009). Five potentially relevant
studies were excluded; two because they involved children without
asthma (Ashkenazi 2006; Belshe 2007), two were not randomised
(Piedra 2005; Andreeva 2007) and one because it compared two
different doses of the same HIN1 influenza vaccination with no
placebo arm (Busse 2011).

Included studies

See Characteristics of included studies for details.

Nine studies were conducted in Europe (Hahn 1980; Stenius
1986; Ortwein 1987; Govaert 1992; Nicholson 1998; Sener 1999;
Bueving 2003; Fleming 2006; Kmiecik 2007), two in Japan
(Miyazaki 1993; Tanaka 1993) and five in the US and Mexico (Bell
1978; Atmar 1989; Castro 2001; Redding 2002; Pedroza 2009).
The patients studied included children (Bell 1978; Miyazaki
1993; Tanaka 1993; Castro 2001; Redding 2002; Bueving 2003;
Fleming 2006; Pedroza 2009) and adults (Stenius 1986; Atmar
1989; Govaert 1992; Nicholson 1998; Sener 1999; Castro 2001;
Kmiecik 2007). Intramuscular injections of inactivated virus were
most commonly studied but four trials (Atmar 1989; Miyazaki
1993; Tanaka 1993; Redding 2002) studied intranasal live vac-
cine. Three studies included randomised comparisons of different
vaccine types (Ortwein 1987; Nicholson 1998; Fleming 2006).
Five studies (Bell 1978; Nicholson 1998; Sener 1999; Castro 2001;
Kmiecik 2007) used cross-over designs; all the others were parallel
groups. All studies included some outcome measures for asthma
exacerbation in the early post-vaccination period, but only six
studies looked for late outcomes to assess the protective efficacy of
the vaccine (Stenius 1986; Govaert 1992; Miyazaki 1993; Tanaka
1993; Bueving 2003; Fleming 20006).

Risk of bias in included studies

Studies were not assigned as low risk of bias for blinding of par-
ticipants and personnel unless there was a clear indication that
the placebo injection was similar in appearance to the active in-
jection. This judgement was then applied retrospectively to the
previously included studies and a summary of the 'Risk of bias’
from all the studies is shown in Figure 1. On this basis, five studies
had at least four of the five domains judged to be at low risk of
bias (Stenius 1986; Govaert 1992; Nicholson 1998; Castro 2001;
Bueving 2003). The late outcome data from Bell 1978 was not

included as it was retrospective and not randomised.
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Figure I. Risk of bias summary: review authors’ judgements about each risk of bias item for each included
study.
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Effects of interventions

See: Summary of findings for the main comparison Inactivated
influenza vaccine versus placebo

Inactivated influenza vaccine (intramuscular
injection) versus placebo

Protective effects of vaccination measured during the
influenza season

There was a single study, at low risk of bias, on 696 children
reporting on the late benefits of inactivated vaccine compared
with placebo that contributed data to the review (Bueving 2003).
This study was conducted in the Netherlands over two influenza
seasons and, in the 37 children who suffered asthma exacerbations

related to positive throat swab identification of influenza virus, 20
were in the vaccinated group and 17 in the placebo group. This
represented no change (RD 0.0089; 95% CI -0.024 to 0.042) with
a narrow CI excluding a 6% absolute difference in exacerbations
in the longer term following vaccination (Figure 2). It should be
noted that a small proportion of exacerbations were related to
confirmed influenza infection and when all exacerbations were
considered the proportion of children in each group suffering an
exacerbation was 85.5% in the vaccinated group and 90.1% in
the placebo group; this represented an RD of -0.044 (95% CI -
0.092 to 0.0048). The adjusted OR reported in the paper did not
identify a significant difference between the groups (P =0.10). The
duration and severity of exacerbations were also not significantly
different between the two groups.

Figure 2. Forest plot of comparison: | Protection from inactivated influenza vaccine versus placebo,
outcome: I.l Influenza-related asthma exacerbations.

Treatment Control

Study or Subgroup  Events Total Evenis Total

Risk Difference

Risk Difference

M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.1.1 Number of participants with influenza-related exacerbations
349 00089 [-0.0244 0.0423] +

Bueving 2003 20 247 17

1.1.2 Number of patients with any asthma exacerbation
Bueving 2003 287 347 34

There was no significant difference in FEV; (% predicted) during
influenza positive weeks in 41 children (MD 9%; 95% CI -3.86%
t0 21.86%). In 40 children who tested positive for influenza and
had asthma quality of life measurements, there was a statistically
significant difference in the change in total scores in influenza-
positive weeks (MD 0.6; 95% CI 0.08 to 1.12). The total scores did
notreach significance in “all illness” weeks. The number of patients
with a change in quality of life score of at least 0.5 units (the
minimally clinically important difference) was 10 (48%) in the
vaccine group and 13 (68%) in the placebo group; however, this
change only reached significance in the symptoms and activities
domains and not in the total score. Nevertheless, these results do
suggest a potential for influenza vaccination to be of benefit in
increased asthma quality of life scores associated with test-positive
influenza in children.

Data from two studies could not be pooled. These studies were
also designed to examine the late outcomes of influenza vacci-

349 -0.0438[-0.0524 0.0048]
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nation (Stenius 1986; Govaert 1992). In a study involving 328
adults, the incidence of influenza was low in Finland during the
study and only one confirmed influenza infection was detected
(Stenius 1986). No differences were found between the vaccinated
and control groups in daily PEF measurements, symptom scores,
daily medication use, and courses of oral corticosteroids or hospi-
talisation in the eight months following vaccination. In one other
study for which data were available from the author for asthmatic
patients (Govaert 1992), none of the 25 asthmatic patients had
serologically confirmed influenza.

Adverse effects caused by vaccination measured in the first
two weeks following vaccination

Combined results
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Six studies contributed to the data for early adverse events, of which
four studies were judged to be at low risk of bias (Stenius 1986;
Nicholson 1998; Castro 2001; Bueving 2003). Data from Bueving
2003 have been included for the outcomes of bronchodilators,
medical consultation and days off school; these data come from
the report in Vaccine 2004.

Two cross-over trials (Castro 2001; Kmiecik 2007) involving 1526
adults and 712 children (over three years old) with asthma com-
pared inactivated trivalent split-virus influenza vaccine with a

placebo injection. The pooled data excluded any clinically impor-

tant overall increase in asthma exacerbations in the two weeks fol-
lowing influenza vaccination (RD 0.01; 95% CI -0.01 to 0.04;
Figure 3). The results in adults (RD 0.02; 95% CI -0.01 to 0.05)
and children (RD 0.01; 95% CI -0.04 to 0.05) both excluded
the pre-specified increase in risk of six percentage points (Castro
2001). Castro 2001 was judged to be at low risk of bias, and exclu-
sion of the results from Kmiecik 2007 (which was at unclear risk
of bias and reported only descriptive statistics), made very little
difference to the findings.

Figure 3. Forest plot of comparison: 2 Split virus or surface antigen vaccine versus placebo (adverse events
in first two weeks), outcome: 2.1 Asthma exacerbation within two weeks.
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2.1.2 Children
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There was unexplained heterogeneity between the results of Castro
2001 and Nicholson 1998 in terms of the risk of asthma exacer-
bation in the first three days after influenza vaccination (RD 0.01;
95% CI -0.03 to 0.05, I> = 83%, Figure 4). The increased risk of
exacerbation found in Nicholson 1998 was greatest in first-time
vaccinees (Figure 5), and no separate data were reported for the
two different vaccines used in this study (split-virus and surface
vaccine). The heterogeneity between the results of Castro 2001
and Nicholson 1998 is significant (I% = 83%). While further infor-
mation has been requested from the authors of Nicholson 1998,
particularly in relation to the two vaccines types used in this study,
this information has not been provided. Information has been ob-
tained from the other authors (Castro 2001) in relation to whether
data are available about the previous vaccination status of the par-
ticipants, indicating that first time vaccinees are not at increased
risk of exacerbation in this study.

29.6% 0.0080[0.0379, 0.0439] —
29.6% 0.0060[-0.0379, 0.0499] =R a—
100.0% 0.0137 [-0.0102, 0.0376] ~P-

01 0080 00s 01
Favours vaccine Favours control

Vaccines for preventing influenza in people with asthma (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Figure 4. Forest plot of comparison: 2 Split virus or surface antigen vaccine versus placebo (adverse events
in first two weeks), outcome: 2.2 Asthma exacerbation within three days.
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Figure 5. Forest plot of comparison: 2 Split virus or surface antigen vaccine versus placebo (adverse events
in first two weeks), outcome: 2.3 Asthma exacerbation within two weeks (subgrouped by previous vaccination
status).
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There were no significant differences found in hospital admissions
from one study on 510 adults (Analysis 2.4) or symptom-free days
or days off work or school from one study involving 1952 adults
and children (Analysis 2.5; Analysis 2.6). Medical consultation
following vaccination was not increased in three studies involv-
ing 2894 adults and children (RD 0.00; 95% CI -0.01 to 0.01).
Similarly, no significant differences were found in lung function
or use of rescue medication (Analysis 2.8; Analysis 2.9; Analysis
2.10; Analysis 2.11; Analysis 2.12).

Individual study results

In the earlier study on 262 patients (Nicholson 1998), there was a
significant increase in the number of patients who suffered an ex-
acerbation of asthma after inactivated split-virus or surface antigen
vaccine administration. This was defined as a fall in PEF of over
20%, in the first three days after injection (RD 0.031; 95% CI
0.03 to 0.058). Similarly, the number of patients with a fall of over
30% in their PEF in the first three days after active vaccination was
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significantly higher than after placebo (RD 0.031; 95% CI 0.007
to 0.054). In a subgroup analysis, excluding patients with "com-
mon colds’ from the analysis reduced the difference to statistically
non-significant, and subgroup analysis performed by the authors
suggested that the majority of the exacerbations were observed in
patients receiving vaccine for the first time. No other significant
differences were found in the mean PEF, bronchodilator usage (via
nebuliser or metered dose inhaler), hospital admission, medical
consultations, oral corticosteroid usage or asthma symptoms. No
significant difference was reported between the results for patients
given split-virus or subunit vaccines, but the authors have not been
able to provide separate data for the two groups.

The subsequent large high-quality study (Castro 2001) involving
2032 adults and children given inactivated influenza vaccination
ruled out a significant increase in asthma exacerbations both for
three days and for 14 days following vaccination. The pre-defined
significant difference was an absolute increase of 6% (RD 0.06)
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and this was outside the CI for this study and for the pooled
result. It was also outside the CI of the pooled results for 30% fall
in PEF, increased use of bronchodilators and oral corticosteroids,
and unscheduled medical consultations for asthma. Significant
increases in any of these outcomes were therefore excluded for
inactivated influenza vaccination in this study.

In another study at low risk of bias, 318 patients were administered
inactivated vaccine or placebo immunisation (Stenius 1986). No
difference was found in the mean morning or evening PEF for the
seven days after vaccination. No individual data on patients with
a fall in PEF of over 20% were collected.

One study identified for the first update of this review (Reid 1998)
compared mean FEV| and airway responsiveness (PD20 metha-
choline) at 48 and 96 hours following injection of inactivated sur-
face antigen in 17 adult asthmatic patients compared with five
patients who were given placebo. No significant differences were
found in the mean levels in either group and no patient had a
change in PD20 of more than two-fold.

One small cross-over study in 24 volunteers with mild asthma
(Sener 1999) found no increase in asthma symptoms or deteriora-
tion in lung function in the two weeks following vaccination with
split antigen trivalent vaccine.

One early study, regarded by its authors as being preliminary (Bell
1978), identified a significant fall (-12% from baseline, standard
error (SE) 6%) in morning PEF at 48 hours after immunisation
of children in a residential asthma care centre with inactivated
influenza vaccine compared to a control group that received no
vaccination. This was accompanied by a rise in nebuliser usage at
48 hours, but no change was observed in the afternoon PEF. The
original data are no longer available (Bell, personal communica-
tion), and the published results cannot be used for meta-analysis
as control and treatment group data were not presented separately.
Moreover, this was an open study with no placebo, randomisation
by the patients’ chart number and no checks for period effects were
reported.

There were two other small studies in this group. No significant
deterioration in home PEF measurement was reported by Hahn
using split virus vaccine, subunit vaccine or placebo groups in the
two weeks following vaccination, but no numerical data were pro-
vided (Hahn 1980). Govaert 1992 also reported no adverse symp-
toms from any of the 14 asthmatic patients immunised with split
virus vaccine or the 11 asthmatic patients given placebo (data pro-
vided by author in response to a request for further information).
The data from Kmiecik 2007 were only reported using descriptive
statistics, so we were incorporated the trial using a conservative
approach (as if it were a parallel trial). Nine out of 286 adults expe-
rienced a severe asthma exacerbation in the 14 days after influenza
vaccine compared to four out of 286 on placebo; this is reported
as a difference of 1.7% (“descriptive statistics” in the paper reports
95% CI 1% to 2.7%, with no details of the derivation of this
interval).

Live attenuated cold recombinant vaccine
(intranasal) versus placebo

Protective effects of vaccination measured during the
influenza season

Two studies in hospitalised children from Japan documented the
protective effect of vaccination during influenza outbreaks on the
ward, but neither reported any outcomes associated with asthma
(Miyazaki 1993; Tanaka 1993). The authors did not respond to a

request for further information.

Adverse effects caused by vaccination measured in the first
two weeks following vaccination

One further study on 48 children was identified for the 2003 up-
date (Redding 2002). There was no significant difference between
groups in the primary outcome of the study (percentage change
in % predicted FEV;). There was also no significant difference
in the secondary outcomes of asthma exacerbations, number of
participants with reduction in PEF of over 15% or over 30% and
use of betay -agonists as rescue medication. A previously identified
study (Atmar 1989) included 17 asthmatic patients. No signifi-
cant differences were found in adults for hospital admission with
asthma exacerbation, fall in mean FEV, number of patients with
exacerbation (fall in FEV of over 12% or 50 mL). This study also
reported that none of the vaccine recipients reported an increase in
bronchodilator therapy following vaccination, but no numerical
data were provided. The pooled results from these two studies did
not demonstrate a significant difference in the risk of a drop in
FEV, on days two to four after vaccination; however, the CI was
wide due to small numbers of participants (RD 0.01; 95% CI -
0.12 10 0.15).

Two other studies in children (Miyazaki 1993; Tanaka 1993) re-
ported that no asthma attacks were apparent following vaccina-
tion; however, no definition of asthma exacerbation was provided
by the authors.

Inactivated whole virus versus split virus versus
subunit vaccine

In the study that compared inactivated virus, split virus and sub-
unit vaccine, the authors reported no significant difference in
home PEF measurements in the three days following vaccination
in any of the vaccine groups individually or together. They also re-
ported that there was no deterioration in lung function measured
in the laboratory in the three days following vaccination (Ortwein
1987). No numerical data were provided and numbers were small

(24 to 28 in each group).
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4. Live attenuated vaccine (intranasal) versus trivalent
inactivated vaccine (intramuscular)

One large open-label study used intranasal vaccine (cold-adapted
live attenuated influenza vaccine (CAIV-T)) administered by a
spray applicator delivering 1 mL to each nostril on 2229 partici-
pants aged six to 17 years (Fleming 2006). The comparison group
was administered TIV by intramuscular injection. There was no
placebo group.

Protective effects of vaccination measured during the
influenza season

One single study, which was at risk of performance and detection
bias, on 2229 children over six years of age contributed data to the
review (Fleming 2006). Since there was no placebo arm in Fleming
2006 the absolute benefit of CIAV could not be assessed. In com-
parison with TIV, there was no significant difference in asthma
exacerbations between intranasal and intramuscular vaccines over
the full duration of the study (difference 1.6%; 95% CI -2.2 to
5.4%; Analysis 4.1). Out of 2229 participants, there were two hos-
pitalisations for respiratory illness with TIV or CIAV; this was not
a significant difference (OR 0.2; 95% CI 0.01 to 4.17) (Analysis
4.2). There was a marginally significant difference between groups
for days off school (RR 1.09; 95% CI 1.0 to 1.2) (Analysis 4.3);
however, significant differences for unscheduled healthcare visits
or children with serious adverse events were not identified (1.8%

with CIAV and 1.7% with TIV) (Analysis 4.4).

Adverse effects caused by vaccination measured in the first
two weeks following vaccination

The single study on 2229 children reported harms caused by vac-
cination in the first two weeks following vaccination (Fleming
2000). In the first 15 days there was a significant increase in chil-
dren reporting runny nose after the intranasal vaccine (66% ver-
sus 53%; OR 1.78; 95% CI 1.50 to 2.11) (Analysis 5.2), and
the increase was also significant in those reporting rhinitis as an
adverse event (9% versus 5%; OR 1.76; 95% CI 1.27 to 2.44)
(Analysis 5.4). This has to be balanced against 60% of children
who reported pain from the injection site with the intramuscular
injection. In terms of bronchospasm reported as an adverse event
there was no significant difference between groups (3% in both
groups; OR 1.03; 95% CI 0.62 to 1.72) (Analysis 5.3). How-
ever, there were fewer cases of wheezing reported in the first 15
days with intranasal vaccine compared to injection of TIV (18%
versus 22%; OR 0.79; 95% CI 0.64 to 0.97) (Analysis 5.1). No
significant difference was found between exacerbation rates in the
two groups over the first 42 days following vaccination (RD -0.1
percentage points; 95% CI -2.8 to 2.6).

DISCUSSION

Summary of main results

This systematic review examines the best available evidence re-
garding the effectiveness of influenza vaccination in patients with
stable asthma. Despite employing an exhaustive search, few articles
were identified that met the inclusion criteria. While this review is
largely descriptive in nature, the potential for short-term adverse
effects and long-term benefits can be summarised. There are now
three cross-over trials assessing the adverse effects of inactivated
influenza vaccination on asthma (Nicholson 1998; Castro 2001 at
low risk of bias, and Kmiecik 2007 at unclear risk of bias). Overall,
it is reassuring that the likelihood of an asthma exacerbation fol-
lowing influenza vaccination in adults and children (over the age
of three years) is small, and that the absolute difference in risk of
exacerbation between active vaccination and placebo lies between
a 4% reduction and 5% increase, respectively. The excess of early
exacerbations in one study (Nicholson 1998) following first-time
vaccination remains unexplained.

In contrast, the data from the trial on longer-term benefit of
influenza vaccination in the prevention of asthma exacerbations
caused by exposure to influenza virus in the community have
shown few significant benefits (Bueving 2003). The authors failed
to demonstrate a significant benefit in children in the Netherlands
in two seasons of exposure and the absolute benefit of vaccination
from this trial lies between a 3% reduction and a 4% increase in
exacerbations related to confirmed influenza infection. Again the
CI excludes the pre-determined 6% difference used by Castro in
their power calculation (Castro 2001). The point estimate for the
difference in all exacerbations was a 4% reduction in risk, but the
Cl included an increase of 0.05% and a decrease of 9% in risk dif-
ference. Consequently, there is no firm evidence from controlled
clinical trials to support the adoption of universal vaccination in
patients with asthma as a clinical policy. More information has
been published on asthma symptoms during influenza positive ill-
ness weeks in Bueving 2003, indicating that the asthma quality
of life scores in such weeks may be improved by influenza vacci-
nation (in 40 of the 696 children who had confirmed influenza
infection).

Several new large studies have been identified comparing intranasal
vaccine to intramuscular injection in children aged six to 17 years
(Fleming 2006), and in infants from six to 72 months (Ashkenazi
2006; Belshe 2007). Although there was no indication of an in-
crease in adverse respiratory outcomes in the older children, one
of the studies on infants (Belshe 2007) has raised concerns over
increased wheezing and hospital admissions following intranasal
vaccination in the younger age group. A subsequent epidemiolog-
ical survey (Miller 2012), from two of the cohorts in Belshe 2007
found that family history of asthma was a risk factor for wheezing
after influenza vaccination in this study.

Quality of the evidence
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Methodological limitations

1. The trials identified in this review represent a wide diversity of
patients, settings and types of influenza vaccine. Initially most of
the trials involved small numbers of patients; however, the review
has now been strengthened by the addition of two new larger
placebo-controlled trials of high methodological quality (Castro
2001; Bueving 2003).

2. Influenza vaccination is administered at a time of year when up-
per respiratory viral infections are common; these can cause symp-
toms and asthma exacerbation that may occur soon after vaccina-
tion. The importance of a valid placebo control is demonstrated
in one study (Atmar 1989) in which four of the six patients from
the placebo group had an illness in the week following the vacci-
nation. One patient from the placebo group was also admitted to
hospital with an asthma exacerbation. This problem was addressed
by other authors who re-analysed their data after excluding pa-
tients with symptoms of upper respiratory tract infection in order
to minimise the risk of including patients with exacerbations due
to viral illness (Nicholson 1998).

3. Many studies did not report numerical outcomes for use of bron-
chodilator therapy and worsening of asthma symptoms. These
data are therefore included in tables of results in the other data
tables. Reports of “no significant difference” may hide small effects
that become important when pooled; however, such comments
are not useful without the data from which they are derived. Our
attempts to contact the authors met with limited success, as most
did not reply to a letter and a fax requesting further details.

4. The use of mean values for lung function data and asthma symp-
toms is of limited value as individual changes in important specific
outcomes (i.e. asthma exacerbations or pulmonary function) may
be missed.

5. The proportion of asthmatic patients who might contract in-
fluenza in a non-pandemic winter may be small, and similarly the
proportion suffering an adverse event from the vaccine may also
be low. One study (Stenius 1986) identified only one serologi-
cally confirmed case of influenza among 157 asthmatics who were
given a placebo vaccination. In another (Govaert 1994), none of
the 11 asthmatic patients given placebo developed serologically
confirmed influenza, and in the total 911 elderly patients given
placebo only 9% went on to develop serologically confirmed in-
fection. Of those patients who develop influenza, not all would be
expected to develop asthma exacerbations.

6. Many other respiratory viruses can cause symptoms and asthma
exacerbations. One observational study (Nicholson 1993) found
that in 27 adults with viral infections leading to a fall of over 50 L/
min in PEF, only one was due to confirmed influenza virus (com-
pared to 16 in which human rhinovirus was confirmed). Simi-
larly, in children aged nine to 11 years old, common cold viruses
were identified in 80% of reported asthma exacerbations; influenza
viruses were detected seven times less commonly in exacerbations
(Johnston 1995). It is therefore important that any exacerbations
following an influenza-like illness are only regarded as being due

to influenza if confirmed by a rise in antibody titre or virus detec-
tion, such as carried out in Bueving 2003.

Clinical practice

The potential impact of influenza vaccine will depend upon the
frequency with which this virus causes acute exacerbations and
infections in asthmatic individuals. This may also vary between
epidemic/pandemicand non-epidemic/non-pandemic years. Such
data are not available. Interpretation of the protective effects of
influenza vaccines has to be viewed within this background.

Protective effect of vaccination

There are very limited data available from randomised trials to
assess the protective effect of influenza vaccination in asthma. Only
two studies of high quality used clinically important outcomes to
test for a reduction in asthma exacerbations following influenza
vaccination (Stenius 1986; Bueving 2003). Significant benefit in
terms of reducing asthma exacerbations caused by influenza virus
infection has not been demonstrated, although there is now a
suggestion of a benefit in asthma quality of life scores in relation
to episodes of proven influenza infection in a small number of

children.

Comparison of vaccine types

Randomised comparisons of different vaccination types have been
carried out in three studies looking for short-term adverse effects
(Hahn 1980; Ortwein 1987; Nicholson 1998); however, reporting
of the outcomes was restricted to “no significant differences” found
between groups.

Asthma exacerbation following vaccination

A higher incidence of asthma exacerbations following inactivated
influenza vaccination was found in one study (Nicholson 1998),
with a risk difference of 3.1% (95% CI 0.3 to 5.8) compared to
placebo. This study was methodologically strong and was designed
to identify patients in which common colds might explain the ex-
acerbation. When patients with upper respiratory tract infections
were excluded, the difference was no longer significant. It is not
possible to say whether the risk difference was less, as the total
number of patients excluded from each group due to colds was
not reported. The authors concluded that the risk of exacerbation
was low in comparison to the possible protective effect of the vac-
cine. This has not been borne out by the subsequent trial from the
Netherlands (Bueving 2003). The large study on split virus vac-
cine (Castro 2001) gives reassurance in terms of the safely of this
type of influenza vaccination. More recently three large studies in
children (Ashkenazi 2006; Fleming 2006; Belshe 2007) have com-
pared intranasal vaccine with intramuscular injection in infants
and older children. It appears that in children aged six to 17 years

Vaccines for preventing influenza in people with asthma (Review)

15

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



of age, intranasal and intramuscular vaccines have similar profiles
for asthma exacerbations and wheeze of sufficient severity to be
considered an adverse event. Two further studies (Ashkenazi 2006;
Belshe 2007) were found comparing intranasal vaccine with intra-
muscular vaccine in children from six to 71 months of age; some
of these children had a clinical diagnosis of asthma and further
information has been sought from the authors on this subgroup
of children. At present these studies have not been included in
this review. However, concern was raised in the Belshe 2007 study
as the new intranasal vaccine was associated with an increase in
hospital admissions of any cause in children from six to 11 months
(6.1% versus 2.6% over 180 days; rate difference 3.5%; 95% CI
1.4 to 5.8), and more episodes of medically significant wheezing
in the first 42 days following the vaccine (2.3% versus 1.5%; rate
difference 0.77%; 95% CI 0.12 to 1.46).

Two other studies (Atmar 1989; Redding 2002) that measured
individual exacerbations following recombinant vaccine demon-
strated no significant difference between the vaccinated and
placebo groups; however, the pooled results were underpowered
to detect the risk difference of 3% found in the Nicholson study.

AUTHORS’ CONCLUSIONS

Implications for practice

1. The evidence available from RCTs identified no significant
reduction in the frequency of asthma exacerbations following
influenza infection; however, one study has now demonstrated
improved asthma quality of life scores in a small number of
children with confirmed influenza infection.

2. Opverall, influenza vaccination appears safe in adults and
older children with asthma; a significant increase in asthma
exacerbations immediately following split-virus influenza
vaccination has now been excluded. No significant difference has
been identified between vaccine types in these age groups.
However, there are insufficient trials and the number of patients
upon which these comparisons are based is small.

3. Intranasal vaccination in children under two years of age
may be associated with increased wheezing and hospital
admission.

Implications for research
1. Further large randomised trials are needed to determine

whether there is a protective effect of influenza vaccination in

ambulatory adults and children with stable asthma. The trial
should have sufficient power to detect infrequent exacerbations
(such as the 6% risk difference used by Castro 2001) due to the
immunisation or influenza infection and changes in asthma
quality of life in relation to proven influenza infection.

2. The infrequent nature of influenza illness among patients
with asthma implies that studies with adequate sample size and
sufficiently long follow-up are required to add clarity to this
important clinical question. Ideally more than one influenza
season should also be studied, in view of the variation in

vaccination and influenza infection serotypes from year to year.

3. Future trials should include an analysis of exacerbation rate
using recognised methods and definitions for detecting asthma
exacerbations and verification of influenza exposure. Other
important asthma-related outcomes should also be reported,
such as hospital admission, rescue courses of oral corticosteroids
and unscheduled attendance in primary care or emergency
departments.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies /[ordered by study ID]

Atmar 1989

Methods

Randomisation: no details

Blinding: double-blind, but no details of method used

Number excluded: no details

Withdrawals: 2 (1 from each group due to extraneous viral infection)

Baseline characteristics: antibody levels to influenza A and B measured and baseline lung
function tests

Participants

Location: Houston, TX

Participants: 19 healthy adult volunteers with a history of asthma. 17 had data analysed,
11 given vaccine and 6 placebo

Asthma definition and severity: history of intermittent wheezing, 15 patients using
intermittent or continuous bronchodilator therapy

Exclusion criteria: acute respiratory illness, allergy to egg, pregnancy

Interventions

Vaccine type: intranasal bivalent (H3N2+H1N1) influenza A vaccine. 0.25 mL per
nostril
Placebo: allantoic fluid, 0.25 mL per nostril

Outcomes

Early: lung function tests on days 0, 3 or 4, and 7; performed in the mornings (no bron-
chodilators taken before testing). The authors regarded a reduction in forced expiratory
volume in 1 second (FEV) of 13% (or greater) from baseline to be clinically significant
Bronchodilator therapy and hospital admission were also reported

Notes

Risk: of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Generated by statistical group in General

Clinical Research Centre

Allocation concealment (selection bias)

Unclear risk No details

Blinding of participants and personnel
(performance bias)
All outcomes

Unclear risk Double-blind but no details of similarity

between placebo and active vaccine

Blinding of outcome assessment (detection
bias)

All outcomes

Unclear risk No details

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk No drop-outs reported
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Bell 1978

Methods Randomisation: by hospital number
Blinding: none (cross-over with no placebo)
Number excluded: no details
Withdrawals: none
Baseline characteristics: not compared
Participants Location: Denver, CO. Residential asthma care centre
Number and age of participants: 79 children (aged 6 to 16 years) in residential centre
Asthma definition and severity: reversible obstructive airways disease, moderately severe
(two-thirds on long-term corticosteroids)
Inclusion criteria: not received influenza vaccine prior to admission to the centre
Exclusion criteria: allergy to egg
Interventions Vaccination type: bivalent (A/Port Chalmers/1/73 and B/Hong Kong/5/72) vaccine
containing inactivated influenza virus. 0.25 mL or 0.5 mL given
Placebo: none
Cross-over trial with 2-week washout)
Outcomes Early: change in peak flow and mean number of nebulised treatments given
Late: not included as no randomisation and retrospective data audited
Notes First arm of cross-over trial included. Data expressed as mean difference in % change
in predicted peak flow, and nebuliser usage, between vaccinated and non-vaccinated
groups. Standard deviation calculated from published standard error of the mean
CAUTION: no baseline comparability of the 2 groups was reported
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection High risk Hospital number
bias)
Allocation concealment (selection bias) High risk Allocation based on last digit of patient’s
chart number
Blinding of participants and personnel High risk No placebo
(performance bias)
All outcomes
Blinding of outcome assessment (detection High risk No placebo
bias)
All outcomes
Incomplete outcome data (attrition bias)  Unclear risk No details
All outcomes
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Bueving 2003

Methods Randomisation took place by the manufacturer when packing vaccine and placebo, from
a computer-generated list
Blinding: double-blind with active or placebo vaccines used
Number excluded: 696 children enrolled out of 3220 invited by general practitioners
(GPs)
Withdrawals: 3 lost diaries from vaccine group and 5 from placebo group
Baseline characteristics: comparable

Participants Location: Rotterdam, Netherlands, community-based study
Number and age of participants: 696 children aged 6 to 18 years; mean age 10.5 years
(standard deviation 3.2)
Asthma definition and severity: children selected from GP files based on prescribed
asthma medication. Mean forced expiratory volume in 1 second (FEV) 89% predicted
and 16% had ever been hospitalised for asthma
Inclusion criteria: maintenance therapy for asthma (inhaled corticosteroids or cromo-
glycate), or more than 52 doses of relief medication during the previous 12 months
Exclusion criteria: other chronic diseases, allergy to chicken protein and insufficient
understanding of the Dutch language

Interventions Vaccination type: inactivated influenza vaccine intramuscular injection. The vaccine
composition for 1999 to 2000 was a combination of A/Sydney/5/97 H3N2-like, A/Bei-
jing/262/95-like and B/Beijing/184/93-like strains and for 2000 to 2001 A/Moscow/10/
99 H3N2-like, A/New Caledonia/20/99 H1N1-like and B/Beijing/184/93-like strains
as advised by the World Health Organization
Placebo group: buffered phosphate solution with the same pH value and similar appear-
ance as the inactivated influenza vaccine

Outcomes Primary outcome: influenza-related asthma exacerbations (number, duration and sever-
ity)
Secondary outcomes: adverse effects of the vaccination including airway symptoms;
the number, duration and severity of all asthma exacerbations; proportion of days with
symptoms of upper respiratory tract (URTI), lower respiratory tract (LRT) or both;
use of asthma medication and other medication; consultations of a specialist or GP;
admittance to hospital for airway problems; rising of antibody-titre against influenza and
the number of serologically proven influenza infections

Notes Power calculations suggested 600 patients needed to be enrolled

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Computer-generated list

bias)

Allocation concealment (selection bias) Low risk Randomisation, packing and labelling took

place by the manufacturer
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Bueving 2003  (Continued)

Blinding of participants and personnel Low risk All those involved, i.e. patients and parents,

(performance bias)
All outcomes

GPs and investigators, were blinded

Blinding of outcome assessment (detection Low risk All those involved, i.e. patients and parents,

bias)

All outcomes

GPs and investigators, were blinded

Incomplete outcome data (attrition bias)
All outcomes

Low risk 344/347 and 344/349 participants pro-
vided diary data

Castro 2001

Methods

Cross-over design

Randomisation: central pharmacy labelled injections and kits

Blinding: double blind, contents of syringes not divulged until the end of the trial
Number excluded: no details

Withdrawals: reported 2009 out of 2032 received both injections

Baseline characteristics: only reported for the whole study population

Participants

Location: 19 centres in the US

Participants: 1240 adults and 712 children with (mostly with mild-to-moderate persis-
tent asthma). Asthma was physician diagnosed

Inclusion criteria: stable asthma taking prescribed asthma treatment in preceding 12
months, with no exacerbations in previous 2 weeks

Exclusion criteria: allergy to egg or thiomersal, inability to use peak flow meter, no tele-
phone, history of Guillain-Barre syndrome, influenza vaccination in previous 6 months,
febrile illness in preceding 24 hours

Interventions

Vaccination type: heat-inactivated trivalent split-virus influenza type A and B vaccine
(Fluzone, Aventis-Pasteur)

Placebo: identical syringe containing saline

Random order of injections with 4 weeks between doses

Outcomes

Primary outcome: exacerbation of asthma within 14 days of vaccination

(Definition as 1 or more of peak expiratory flow (PEF) fall of 30% or more from personal
best, increase in daily use of albuterol above average use reported in 2 weeks before
randomisation (4 or more puffs or 2 nebulisations for relief of symptoms), increase in
systemic corticosteroids, unscheduled use of health care for asthma)

Secondary outcomes: decrease of > 20% from best personal PEF, mean PEF, symptoms,

days off school or work, increase in preventer medication

Notes

Bubble sizes were noted to be larger in the placebo syringes
Authors provided unpublished data on exacerbations in first time and repeat vaccinees

Risk: of bias

Bias

Authors’ judgement Support for judgement
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Castro 2001  (Continued)

Random sequence generation (selection Low risk Permuted block design
bias)
Allocation concealment (selection bias) Low risk Assignment list prepared by data co-ordi-

nating centre

Blinding of participants and personnel Low risk Identical looking placebo syringes contain-
(performance bias) ing saline

All outcomes

Blinding of outcome assessment (detection Unclear risk No details

bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Low risk 96% received both injections and com-

All outcomes

pleted both 14-day post-injection diaries

Fleming 2006

Methods

Design: parallel, open-label study designed to test non-inferiority

Duration: October 2002 to May 2003

Number of arms: 2

Run-in period: 7-day screening period in which asthma parameters were assessed
Placebo or active control group: active

Participants

Location: 145 study sites in Europe

Number of participants randomised: live intranasal vaccine 114, injectable vaccine 115
Age of participants: 6 to 17 years

Inclusion criteria: clinical diagnosis of asthma with 1 or more prescriptions for asthma
in the past 12 months (including antibiotics for respiratory illness associated with a
wheezing episode)

Exclusion criteria: serious chronic disease, disease of the immune system or current
immunosuppressive drugs (including high-dose systemic corticosteroids)

Interventions

Arm 1: live attenuated influenza vaccine (CAIV-T)
Arm 2: injectable trivalent inactivated influenza vaccine (TIV)

Outcomes

Primary outcome of the study: culture-confirmed influenza caused by a subtype that was
antigenically similar to the vaccine. The primary safety end point was the incidence of
asthma exacerbation, defined as acute wheezing illness associated with hospitalisation,
any unscheduled clinical visit or any new prescription (including rescue medication)

Secondary outcomes: influenza due to any subtype, prescribed medication, unscheduled
healthcare visits, hospitalisations, days missed from work or school. Secondary safety end
points were (1) recurrent episodes during the surveillance period of acute wheezing illness
associated with hospitalisation, unscheduled clinical visit, or increased or new asthma
medication use (medically required increase in daily dosage of currently prescribed asthma
medication or newly prescribed asthma medication); (2) the first asthma exacerbation

episode within 42 days; (3) peak expiratory flow rate (PEFR) scores; (4) night-time
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Fleming 2006  (Continued)

awakenings (or sleep scores) and (5) asthma symptom scores. Daily monitoring was
carried out by parents or guardians for the first 15 days post vaccination; this included
daily PEF and asthma symptom scores and medication. Adverse events were also recorded
(e.g. symptoms requiring medication or an unscheduled visit to a healthcare provider)
, as were pre-defined reactogenicity events that could be related to vaccination (such as
runny nose and wheeze)

Time of measurements: early (first 15 days), medium (first 42 days) and late (from 15
days up to May the following year)

Reliability of measurements: unreported

Source of extracted data: paper publication

Notes Sequence generation adequate: automated interactive voice response system
Allocation concealment adequate: automated interactive voice response system
Blinding none: open-label study
Incomplete outcome data was addressed adequately: only 7 patients failed to complete
the study
Freedom from selective reporting is unclear: reporting of results in the paper makes it
difficult to separate early and late asthma exacerbations; adverse event data for wheeze
in the first 15 days has been used, but no exacerbation data is given for the first 15 days
Funding was from MedImmune and Wyeth (who manufacture the intranasal vaccines)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Unclear risk No details

bias)

Allocation concealment (selection bias) Low risk Randomisation was accomplished using an

automated interactive voice response sys-

tem

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Open design

Blinding of outcome assessment (detection
bias)

All outcomes

High risk No blinding of outcome assessors reported

Incomplete outcome data (attrition bias)
All outcomes

Low risk Only 7 patients failed to complete the study

Vaccines for preventing influenza in people with asthma (Review) 26
Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Govaert 1992

Methods Randomisation: stratified by 4 morbidity categories
Blinding: double-blind
Exclusions: those in high-risk groups (however, 25 asthmatic patients were included in
the study)
Withdrawals: 0 but 1 patient in the placebo group had incomplete data
Baseline characteristics: no data
Participants Location: Netherlands
Patients were all aged 60 years or over. Of the 1838 patients participating in the study
25 had asthma (no details of definition or severity but severe cases likely to have been
excluded). Of these, 14 received vaccine and 11 received placebo
Exclusion criteria: age under 60 years, living in old peoples’ care homes or nursing homes,
belonging to a high-risk group (interpreted differently by general practitioners)
Interventions Vaccination type: purified split vaccine HIN1, H3N2, B45/90, B1/87 given intramus-
cularly
Placebo: physiological saline intramuscularly
Outcomes Early: adverse reactions (recalled by the patients after 4 weeks)
Late: serologically confirmed influenza
Notes No serologically confirmed influenza was seen in either the immunised or the placebo
group
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Stratified randomisation scheme
bias)
Allocation concealment (selection bias) Low risk Next consecutive numbered syringe used
Blinding of participants and personnel Unclear risk Saline placebo but no further details
(performance bias)
All outcomes
Blinding of outcome assessment (detection Low risk Questionnaires analysed by researchers

bias)

All outcomes

blind to vaccination status

Incomplete outcome data (attrition bias) ~ Low risk 1791/1838 completed
All outcomes
Vaccines for preventing influenza in people with asthma (Review) 27

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Hahn 1980

Methods

Randomisation: stratified by baseline forced expiratory volume in 1 second (FEV}) (no
details of allocation concealment)

Blinding: single blind

Number excluded: no details

Withdrawals: not stated

Baseline characteristics: FEV comparable in each group

Participants

Location: Wurzburg, Germany

Number and age of participants: 52 asthmatic patients (age not stated)

Asthma definition and severity: reversible airways obstruction. 9 included patients used
systemic corticosteroids

Inclusion criteria: 20% rise in FEV following fenoterol, or 20% spontaneous change in
FEV] recordings or documented breathing difficulty with deterioration in lung function

Interventions

Vaccination types:
1. Split virus vaccine A/90/70, A/1/77, B/8/73 (injection in deltoid)
2. Subunit vaccine A/92/77, A/1/77, B/8/73 (injection in deltoid)

Placebo: saline injection (in deltoid)

Outcomes

Lung function measurements in clinic (2 weeks before and after treatment). Home
measurement of peak flow (best of 3, twice daily) and symptoms recorded by patients

(including breathing difficulty)

Notes

No lung function measurements documented, only “no significant change in lung func-
tion following either vaccination or placebo” (even in the patients on systemic corticos-
teroids)

Risk of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Stratified randomisation (communication
from the authors)

Allocation concealment (selection bias)

Low risk The physician always had to pick the next
available vial and was not allowed to change

sequence

Blinding of participants and personnel
(performance bias)
All outcomes

Unclear risk No details of any differences in appearance

between placebo and active injections

Blinding of outcome assessment (detection Low risk The code was opened at the end
bias)
All outcomes
Incomplete outcome data (attrition bias) ~ Unclear risk No details
All outcomes
Vaccines for preventing influenza in people with asthma (Review) 28

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Kmiecik 2007

Methods

Randomised, placebo-controlled, double-blind cross-over trial

Participants

286 adultsaged 18 to 64 years, in Poland, with 12-month history of asthma with perennial
symptoms and a positive spirometry reversibility test, or a positive methacholine or
histamine provocation test

Exclusion criteria: allergy to egg or chicken protein, neomycin, formaldehyde and oc-
toxinol-9; known or suspected disease of the immune system; acute febrile illness (tem-
perature > 37.0 °C) in the 72 hours preceding inclusion; autoimmune disease; prior
immunisation against influenza for the 2004/2005 season; and having received another
vaccine within 2 weeks preceding inclusion or planning to receive another vaccine within
6 weeks after inclusion

Interventions

Vaccination type: intramuscular injection of trivalent inactivated influenza vaccine, Vax-
igrip (Sanofi Pasteur), to right deltoid

A/New Caledonia/20/99(HIN1)-like strain derived from IVR-116_ A/Fujian/41/2002
(H3N2)-like strain A/Wyoming/3/2003- B/Shanghai/361/2002-like strain B/Jiangsu/
10/2003

Placebo: saline vaccine

2 vaccinations given in random order on day 1 and day 14. Assessed on day 14 and day
28

Outcomes

Primary outcome: asthma exacerbations. Mild defined by emergency visit due to asthma,
or doubling of inhaled maintenance treatment, or peak expiratory flow (PEF) 60% to
80% of personal best, or increased rescue inhaler > 2 per day above baseline. Severe
defined by hospital/emergency department visit, oral corticosteroids or PEF > 60%
personal best

Secondary outcomes: adverse events

Notes

Sponsored by Sanofi Pasteur

Risk: of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk No details

Allocation concealment (selection bias)

Unclear risk No details

Blinding of participants and personnel
(performance bias)
All outcomes

Unclear risk Double-blind, placebo injections (but no
details in relation to how similar the saline

injections were to active injections)

Blinding of outcome assessment (detection Unclear risk No details
bias)
All outcomes
Incomplete outcome data (attrition bias) ~ Low risk Only 5 of 291 participants dropped out
All outcomes
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Kut 1999

Methods Randomisation: no details
Blinding: placebo saline injection given
Number excluded: not stated
Withdrawals: not stated
Baseline characteristics: similar PC20 (methacholine concentration that caused a 20%
fall in the forced expiratory volume in 1 second (FEV))

Participants Location: Istanbul, Turkey
Number and age of participants: 59 asthmatic children, all atopic, aged 6.5 to 15 years
Asthma definition and severity: no details
Inclusion criteria: symptom free in the past 2 weeks
Exclusion criteria: no details

Interventions Vaccination type: inactivated influenza vaccine given subcutaneously
Placebo: saline subcutaneously

Outcomes PC20 for methacholine challenge before vaccine and after 24 hours
Daily peak flow, symptoms and rescue medication in the week after vaccination

Notes PC20 (standard deviation) in the placebo group was 7.02 (9.3) before challenge and 7.
3 (3.6) after 24 hours. In the vaccine group, PC20 was 9.5 (10.6) before challenge and
9.8 (9.3) after 24 hours

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Unclear risk No details

bias)

Allocation concealment (selection bias) Unclear risk No details

Blinding of participants and personnel
(performance bias)
All outcomes

Unclear risk Placebo saline injection (no details of how

the placebo matched the active injection)

Blinding of outcome assessment (detection Unclear risk No details
bias)
All outcomes
Incomplete outcome data (attrition bias)  Unclear risk No details
All outcomes
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Miyazaki 1993

Methods Randomisation: no details
Blinding: none (no placebo)
Number excluded: not stated
Withdrawals: none
Baseline characteristics: serology only
Jadad score: 1
Participants Location: Minami-Fukuoka chest hospital, Japan. Inpatients on asthma ward
Number and age of participants: 49 children, mean age 11.1 years (standard deviation
2.7)
Asthma definition and severity: institutionalised asthmatic children
Inclusion criteria: inpatients on the asthma ward
Exclusion criteria: allergy to eggs or chicken feathers
Interventions Vaccination type: intranasal cold-adapted recombinant trivalent influenza vaccine
(HIN1, H3N2, B). Dose 0.3 mL by nasal spray
Placebo: none
Outcomes Early: asthma attacks
Late: febrile illness with 4-fold rise in antibody titre
Notes Serology at the start was NOT comparable with 17/19 in the vaccinated group having
a starting titre over 1:64 whereas only 8/25 in the non-vaccinated group had a starting
titre over 1:64
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Unclear risk No details
bias)
Allocation concealment (selection bias) Unclear risk No details
Blinding of participants and personnel High risk No placebo
(performance bias)
All outcomes
Blinding of outcome assessment (detection High risk No placebo
bias)
All outcomes
Incomplete outcome data (attrition bias) ~ Unclear risk No details
All outcomes
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Nicholson 1998

Methods

Randomisation: sealed envelopes, computer-generated randomisation code provided by
vaccine manufacturer

Blinding: double-blind

Number excluded: 74 out of 361 patients who agreed to participate

Withdrawals: 25 (8 withdrawn and 17 excluded due to missing data)

Baseline characteristics: comparable peak expiratory flow (PEF) in both groups.
Possible order effects and interactions were explored by analysis of variance (ANOVA);
none were found in the primary analyses

Jadad score: 5

Participants

Location: 9 respiratory centres and 2 asthma clinics in the UK

Number and age of participants: 287 adults randomised, aged 19 to 75 years (median
51.7 years)

Asthma definition and severity: “recurrent episodes of airway obstruction that resolved
on treatment” as diagnosed by a clinical specialist. 90% were on inhaled corticosteroids
and 17% on maintenance oral corticosteroids. Mean PEF at baseline was 67% predicted
Inclusion criteria: stable asthma (requiring no active revision of medication)

Exclusion criteria: hypersensitivity to eggs, chicken or influenzal protein. Treatment with
an investigational drug during the 30 days before recruitment

Interventions

Cross-over design with 2 intramuscular injections given 2 weeks apart in random order
Vaccination types: 2 trivalent vaccines containing either inactivated split-virus or surface
antigen preparations containing 15 pg of haemagglutinins to A/Singapore/6/86 (H1N1)
, AlJohannesburg/33/94(H3N2) and B/Beijing/184/93

Placebo: phosphate-buffered solution and saline (in identical syringes)

Outcomes

Outcome measures: primary clinical outcome was an asthma exacerbation within 72
hours of injection (defined as 20% fall in PEF compared to lowest of the 3 days before
vaccination). Also measured were change in mean PEE, inhaled beta-agonist use (72
hours before and after injection), antibiotic and oral corticosteroid use for 7 days after
injection, unscheduled medical attendance and hospital admission for 7 days after each
injection. Symptom scores were also analysed for 72 hours before and after injection of

vaccine or placebo

Notes

PEF was examined using percentage change for individuals of the worst test for 3 days
before and after injection and also using the mean test result over the same periods. On
all occasions only the best of 3 blows was used for the analysis

Risk of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Computer-generated randomisation code

Allocation concealment (selection bias)

Low risk Sealed envelopes
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Nicholson 1998  (Continued)

Blinding of participants and personnel Low risk Identical saline placebo syringes
(performance bias)

All outcomes

Blinding of outcome assessment (detection Low risk Allocation concealed until data had been

bias)

All outcomes

entered on the computer and all analytical
programs had been tested

Incomplete outcome data (attrition bias)
All outcomes

Low risk 255/287 had complete paired data

Ortwein 1987

Methods Randomisation: stratified by lung function results
Blinding: uncertain
Number excluded: no details
Withdrawals: no details
Baseline comparison: not reported
Jadad score: 1
Participants Location: Germany
Number and age of participants: 80 asthmatic patients (ages not reported), 28 given
whole virus, 24 split virus and 28 subunit vaccine
Asthma definition and severity: “reversible airways obstruction” stratified by % force
expiratory volume in 1 second (FEV)
Inclusion criteria: no details
Exclusion criteria: no details
Interventions Vaccination type: whole virus, split virus and subunit vaccines (A/Texas, A/USSR, B/
Hong Kong). Patients were re-vaccinated at 6 weeks
No placebo group in the study
Outcomes Pulmonary function measured for 7 days before vaccination and compared with 3 days
after vaccination
Daily home peak flow measurements before and after vaccination
Notes No placebo group and results stated as “no significant change in lung function for
individual or for the combined vaccines”
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Stratified randomisation
bias)
Allocation concealment (selection bias) Unclear risk No details
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Ortwein 1987  (Continued)

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Open study?

Blinding of outcome assessment (detection
bias)

All outcomes

High risk Open study?

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk No details

Pedroza 2009

Methods Randomised, double-blind, placebo-controlled, parallel-arm trial for 56 days following
first vaccination

Participants Location: Mexico
Number and age of participants: 163 (31 placebo, 132 influenza vaccine) children aged
5 to 9 years with mild intermittent and moderate persistent asthma
Exclusion criteria: history of allergy to egg protein or thimerosal
No details of past vaccination against influenza

Interventions Vaccination type: intramuscular injection of trivalent inactivated influenza vaccine, 2
doses (28 days apart) Fluzonel (Sanofi Pasteur)
A/New Caledonia/20/99 (HIN1), A/Panama/2007/99 (H3N2), B/Victoria/504/2000
Placebo: injection used

Outcomes Primary outcome: adverse events (systemic and local)
Secondary outcomes: pulmonary function tests (force expiratory volume in 1 second
(FEV}) 5 days after each vaccination) and immunogenicity

Notes Sponsored by Sanofi Pasteur

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Unclear risk No details
bias)
Allocation concealment (selection bias) Unclear risk No details

Blinding of participants and personnel
(performance bias)
All outcomes

Unclear risk Single blind, the contents of the syringe
were shielded from the participants and ad-
ministered by a clinician who was not in-

volved in assessment
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Pedroza 2009 (Continued)

Blinding of outcome assessment (detection
bias)

All outcomes

Low risk “All the data were recorded by research
nurses and physicians who were not aware
of the product administered to individuals
in the study”

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk No details of drop-outs

Redding 2002
Methods Randomisation: computer-generated random numbers
Blinding: double-blind (intranasal placebo used)
Withdrawals: none
Baseline: comparable
Participants Location: 2 paediatric allergy practices in Seattle (WA) and 1 in Stockton
Participants: 48 children and adolescents (aged 9 to 17 years). 75% white in placebo
group and 96% white in vaccinated group
Asthma definition and severity: reversibility testing (> 12% increase in morning FEV;
after albuterol), with FEV; < 80% predicted after withholding albuterol for 8 hours.
Mean FEV 75% predicted
Exclusion criteria: intranasal corticosteroids, allergy to egg, acute febrile illness within 1
week, diagnosed with other pulmonary disease
Interventions Vaccination type: intranasal influenza virus trivalent, types A and B, live, cold-adapted
(CAIV-T)
Dose: single dose of 0.25 mL to each nostril
Placebo: egg allantoic fluid with sucrose-phosphate glutamate
Outcomes The primary outcome index was the % change in % predicted FEV; before and after
vaccination. Peak flows, clinical asthma symptom scores and night-time awakening scores
were measured daily from 7 days pre- to 28 days post-vaccination
Notes
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated random numbers
bias)
Allocation concealment (selection bias) Unclear risk No details
Blinding of participants and personnel Low risk Double blind (intra-nasal placebo contents
(performance bias) described)
All outcomes
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Redding 2002 (Continued)

Blinding of outcome assessment (detection Unclear risk No details
bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Low risk No drop-outs

All outcomes

Reid 1998
Methods Randomisation: no details
Blinding: double-blind, but no details of method used
Number excluded: no details
Withdrawals: none
Baseline comparison: 13 out of the 22 participants had received influenza vaccine before
but no data on how these fell into the vaccine or placebo groups. Mean force expiratory
volume in 1 second (FEV1) was 17% higher in the placebo group
Jadad score: 3
Participants Location: Newcastle, UK
Participants: 22 adults aged 19 to 71 years. 17 were randomised to vaccine and 5 to
placebo
Asthma definition and severity: all had FEV; > 60% predicted and > 15% reversibility;
all took inhaled beta-agonists and 20 took inhaled corticosteroids. All were non-smokers
and 13 had previously received influenza vaccination
Exclusion criteria: none mentioned
Interventions Parallel design double blind
Vaccine type: inactivated surface antigen influenza vaccine 0.5 mL deep subcutaneous
injection (Evans Medical Ltd.)
Placebo: no details of placebo vaccination
Outcomes Spirometry (FEV;) and airways responsiveness (methacholine dose that caused a 20%
fall in the forced expiratory volume in 1 second (FEV;) (PD20)). Both were measured
twice at an interval of 2 weeks before vaccination and compared with measurements at
48 and 96 hours post-vaccination
Notes Data presented without standard deviations. The study was powered to detect a halving
of the geometric mean PD20
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Unclear risk No details
bias)
Allocation concealment (selection bias) Low risk Patients were assigned in double blind fash-
ion
Vaccines for preventing influenza in people with asthma (Review) 36

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Reid 1998 (Continued)

Blinding of participants and personnel
(performance bias)
All outcomes

Unclear risk Placebo vaccine but no further details

Blinding of outcome assessment (detection
bias)

All outcomes

Unclear risk No details

Incomplete outcome data (attrition bias)
All outcomes

Low risk Very short follow-up

Sener 1999

Methods

Randomisation: no details

Blinding: single-blind (but much higher local reaction rate in vaccine group may have
compromised this)

Withdrawals: none

Baseline comparison: not described

Jadad score: 3

Participants

Location: Ankara, Turkey

Participants: 24 volunteers with mild stable asthma. Mean age 39 years. 19 women.
All non-smokers. Mean forced expiratory volume in 1 second (FEV;) 100% predicted
(range 73% to 150%)

Exclusion criteria: pregnancy, acute respiratory illness, allergy to eggs

Interventions

Cross-over design, single blind

1 week wash-out period

Vaccine type: inactivated trivalent split antigen (Pasteur Merieux) 0.5 mL intramuscular
injection

Placebo: saline placebo

Outcomes

Asthma symptoms, morning and evening peak expiratory flow (PEF), bronchodilator
use all for 1 week following vaccination. Spirometry with methacholine challenge at
baseline and 2 weeks after vaccination

Notes

Risk of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

No details

Unclear risk

Allocation concealment (selection bias)

Unclear risk No details (we employed a randomised

cross-over design)
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Sener 1999  (Continued)

Blinding of participants and personnel
(performance bias)
All outcomes

Unclear risk Single-blind (but not clear which group was

blinded, presumably participants)

Blinding of outcome assessment (detection
bias)

All outcomes

High risk Single-blind

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk No details of drop-outs

Stenius 1986

Methods

Randomisation: stratified into 3 age groups (15 to 29 years, 30 to 49 years, 50 years or
more) Patients selected themselves by choosing a folded piece of paper marked A or B
inside

Blinding: double-blind. Identical ampoules used with a code locked in the vaccine lab-
oratory

Number excluded: no data

Withdrawals: 328 recruited, 10 withdrew in first week, 27 in total lost to later follow-
up

Baseline characteristics: comparable for asthma and influenza serology

Jadad score: 5

Participants

Location: 9 centres in Finland, asthmatic patients living in the community

Number and age of participants: 328 adults (age 17 to 73 years)

Asthma definition and severity: moderate to severe asthma in need of daily treatment, all
patients fulfilled the criteria for bronchial asthma set by the American College of Chest
Physicians and the American Thoracic Society

Inclusion criteria: ability to make reliable peak expiratory flow (PEF) measurements,
non-smokers for past 2 years, stable asthma for past 2 weeks, no viral infections for past
6 weeks

Exclusion criteria: egg allergy, immunotherapy treatment, treatment with regular beta-
blockers or over 10 mg prednisolone daily, diabetes, bronchiectasis, chronic bronchitis,

emphysema, cancer or chronic collagen disease
phy: £

Interventions

Vaccination type: split influenza vaccine (H3N2, B) with subviron component (HIN1)
0.5 mL intramuscular injection
Placebo: 0.5 mL intramuscular injection of physiological saline

Outcomes

Early: daily PEF readings, symptom score, daily medication for first week
Late: daily PEF readings, symptom score, daily medication for 5 months

Notes

The incidence of influenza was very low in Finland in the follow-up period. Subgroup
analysis was performed on the early outcomes to investigate the change in PEF in different

asthma types

Risk of bias
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Stenius 1986 (Continued)

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Folded pieced of paper marked A or B were
placed in a bowl and selected by the partic-
ipants

Allocation concealment (selection bias)

Low risk Ampoules were labelled in the laboratory
and known only to the packer

Blinding of participants and personnel Low risk Placebo saline injection

(performance bias)

All outcomes

Blinding of outcome assessment (detection Low risk Contents of ampoules unknown

bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Low risk 318/322 completed the first 3 weeks of the
All outcomes study

Tanaka 1993

Methods

Randomisation: no details

Blinding: unclear

Number excluded: none?

Withdrawals: 6/20 vaccine group, 8/25 placebo group discharged from hospital
Baseline characteristics: serology only

Jadad score: 2

Participants

Location: Minami-Fukuoka Chest Hospital, Japan. In-patients on asthma ward.
Number and age of participants: 45 children, mean age 10.5 years (standard deviation
2.5)

Asthma definition and severity: institutionalised patients with bronchial asthma (no
details)

Inclusion criteria: inpatients in asthma ward

Exclusion criteria: not stated

Interventions

Vaccination type: intranasal cold-adapted recombinant trivalent influenza vaccine
(HIN1, H3N2, B). Dose 0.3 mL both nostrils by nasal spray

Placebo: saline inoculation

Outcomes

Early: “asthma attacks”, school absence
Late: confirmed influenza (virus isolation or confirmed 4-fold antibody rises with fever)

Notes

Baseline serology was similar in vaccinated and placebo groups

Risk of bias
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Tanaka 1993  (Continued)

Bias Authors’ judgement Support for judgement
Random sequence generation (selection Unclear risk No details

bias)

Allocation concealment (selection bias) Unclear risk No details

Blinding of participants and personnel Unclear risk No details

(performance bias)

All outcomes

Blinding of outcome assessment (detection  Unclear risk No details

bias)

All outcomes

Incomplete outcome data (attrition bias) ~ High risk High proportion of withdrawals (14/45)

All outcomes

Characteristics of excluded studies /ordered by study ID]

Study Reason for exclusion

Abadoglu 2004  Participants were not randomised to active treatment or control (age/sex-matched controls were selected for the
control group)

Ahmed 1997 Non-randomised before and after study

Ambrosch 1976

Mixed population of patients with rhinitis and asthma with no separate data for asthmatic patients

Andreeva 2007

Not randomised

Ashkenazi 2006

Not on children with asthma

Balluch 1972

No randomisation. No separate asthma data, mixed group of allergic patients

Belshe 2007

Not on children with asthma

Buchanan 2005

Comment on Bueving 2003 study

Busse 2011

Patients with mild and severe asthma randomised to 15 pgor 30 pg HINT1 influenza vaccination, but no placebo
arm used in the trial

Campbell 1984

Not clearly stated as being randomised and no response from authors

Chiu 2003

Quasi-randomised as patients were alternately allocated to treatment groups
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(Continued)

De Jongste 1984  Not randomised

Dixon 2006 Cohort study
Kava 1987 Not stated as randomised and no response from authors
Kim 2003 Not stated as randomised

Kramarz 2000 Not randomised

MclIntosh 1977  No asthma outcomes measured

Migueres 1987 No randomisation of vaccination in asthmatics (no control intervention)
Modlin 1977 No separate data on asthmatic patients (study of children in 7 chronic disease categories)
Park 1996 No randomisation of vaccination (comparison of influenza vaccination in asthmatics without asthma symptoms

or with acute asthma)

Piedra 2005 Non-randomised study

PRISMA 2005 Case control study (not randomised)

Sakaguchi 1994  No asthma outcomes measured

Sugaya 1994 Self-selected treatment group (no randomisation)

Tata 2003 Not randomised

Warshauer 1975  No randomisation of asthmatic patients

‘Watanabe 2005  Not randomised
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DATA AND ANALYSES

Comparison 1. Protection from inactivated influenza vaccine versus placebo

No. of No. of
Outcome or subgroup title studies participants Statistical method Effect size
1 Influenza-related asthma 1 Risk Difference (M-H, Fixed, 95% CI) Totals not selected
exacerbations
1.1 Number of participants 1 Risk Difference (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
with influenza-related
exacerbations
1.2 Number of patients with 1 Risk Difference (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
any asthma exacerbation
2 Duration of influenza-related 1 Mean Difference (IV, Fixed, 95% CI) Totals not selected
asthma exacerbation (days)
3 Severity of influenza-related 1 Mean Difference (IV, Fixed, 95% CI) Totals not selected
asthma exacerbation (symptom
score)
4 Difference in symptom score 1 Mean difference (Fixed, 95% CI) Totals not selected
during influenza positive weeks
5 Proportion of patients with 1 Odds Ratio (M-H, Fixed, 95% CI) Totals not selected
minimum important difference
in total symptom score
(influenza-positive weeks)
6 FEV| (% predicted) during 1 Mean Difference (IV, Fixed, 95% CI) Totals not selected

influenza positive weeks

Comparison 2. Adverse effects of inactivated influenza vaccine versus placebo

No. of No. of
Outcome or subgroup title studies participants Statistical method Effect size
1 Asthma exacerbation within 2 2 2238 Risk Difference (Random, 95% CI) 0.01 [-0.01, 0.04]
weeks
1.1 Adults 2 1526 Risk Difference (Random, 95% CI) 0.02 [-0.01, 0.05]
1.2 Children 1 712 Risk Difference (Random, 95% CI) 0.01 [-0.04, 0.05]
2 Asthma exacerbation within 3 2 2212 Risk Difference (Random, 95% CI) 0.01 [-0.03, 0.05]
days
3 Asthma exacerbation within 2 2 2206 Risk Difference (Random, 95% CI) 0.01 [-0.02, 0.04]
weeks (subgrouped by previous
vaccination status)
3.1 First-time vaccinees 2 474 Risk Difference (Random, 95% CI) 0.04 [-0.03, 0.12]
3.2 Repeat vaccinees 2 1732 Risk Difference (Random, 95% CI) -0.00 [-0.02, 0.01]
4 Hospital admission (0 to 14 days 1 Risk Difference (Fixed, 95% CI) Totals not selected

post vaccination)
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5 Number of symptom-free days
in 2 weeks after vaccination

6 > 1 day off school or work

7 Medical consultation (0 to 14
days after immunisation)

8 Patients at least 15% fall in
FEV, within 5 days

8.1 First dose of vaccination
8.2 Second dose of vaccination

9 Fall in mean peak flow (%
baseline) days 2 to 4

10 New or increased oral
corticosteroid use (0 to 14 days
after immunisation)

11 Increased nebuliser usage
within 3 days

12 Increased use of rescue
medication following
vaccination (days 1 to 3)

13 Change in airways
responsiveness

14 Change in asthma symptoms in
the week following vaccination

2648
2894

2209

2810

Mean Difference (Random, 95% CI)

Risk Difference (Random, 95% CI)
Risk Difference (Random, 95% CI)

Odds Ratio (M-H, Fixed, 95% CI)
Odds Ratio (M-H, Fixed, 95% CI)
Odds Ratio (M-H, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)

Risk Difference (Random, 95% CI)

Risk Difference (Fixed, 95% CI)

Risk Difference (Random, 95% CI)

Other data

Other data

Totals not selected

9.25 [-0.02, 0.01]
0.00 [-0.01, 0.01]

Totals not selected

0.0 [0.0, 0.0]
0.0 [0.0, 0.0]
Subtotals only

0.00 [-0.01, 0.02]

Totals not selected

-0.00 [-0.02, 0.01]

No numeric data

No numeric data

Comparison 3. Adverse effects of live attenuated vaccine (intranasal) versus placebo

No. of No. of

Outcome or subgroup title studies participants Statistical method Effect size

1 Hospital admission for asthma 1 Risk Difference (M-H, Fixed, 95% CI) Totals not selected
exacerbation

2 Asthma exacerbations in the 1 Risk Difference (M-H, Fixed, 95% CI) Totals not selected
month after vaccination

3 Asthma exacerbations in the Other data No numeric data
week following vaccination

4 Mean FEV at 2 to 5 days post 1 Mean Difference (IV, Fixed, 95% CI) Totals not selected
vaccination (% predicted)

5 Number of patients with 2 65 Risk Difference (M-H, Fixed, 95% CI) 0.01 [-0.12, 0.15]
significant fall in FEV; (over
12% to 15% or 50 mL) on day
2to4

6 Fall in mean FEV; (L) (day 2 to 1 Mean Difference (IV, Fixed, 95% CI) Totals not selected
4)

7 Number of puffs of 1 Mean Difference (IV, Fixed, 95% CI) Totals not selected

beta,_agonist per day (in
month following vaccination)
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8 Morning peak flow of greater
than 30% below baseline at
least once in the 4 weeks after

vaccination

Risk Difference (M-H, Fixed, 95% CI)

Totals not selected

Comparison 4. Protection from live attenuated vaccine (intranasal) versus trivalent inactivated vaccine (intra-

muscular)

No. of No. of

Outcome or subgroup title studies participants Statistical method Effect size

1 Difference in incidence of 1 % Rate difference (Fixed, 95% CI) Totals not selected
asthma exacerbation over total
study period

2 Hospitalisations due to 1 Odds Ratio (M-H, Fixed, 95% CI) Totals not selected
respiratory illness

3 Days off school or work 1 Rate Ratio (Fixed, 95% CI) Totals not selected
(incidence rates)

4 Unscheduled healthcare visits 1 Rate ratio (Fixed, 95% CI) Totals not selected
(incidence rates)

5 Children with serious adverse 1 Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

events

Comparison 5. Adbverse effects of live attenuated vaccine (intranasal) versus trivalent inactivated vaccine (intra-

muscular)

Outcome or subgroup title

No. of

studies

No. of
participants

Statistical method

Effect size

1 Subjects reporting wheeze in the
first 15 days

2 Subjects reporting runny nose or
nasal congestion in the first 15
days

3 Subjects reporting bronchospasm
as an adverse event in first 15
days

4 Subjects reporting rhinitis as an
adverse event in the first 15
days

Odds Ratio (M-H, Fixed, 95% CI)

Odds Ratio (M-H, Fixed, 95% CI)

Odds Ratio (M-H, Fixed, 95% CI)

Odds Ratio (M-H, Fixed, 95% CI)

Totals not selected

Totals not selected

Totals not selected

Totals not selected

Vaccines for preventing influenza in people with asthma (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



WHAT’S NEW

Last assessed as up-to-date: 23 November 2012.

Date Event

Description

23 November 2012 New citation required and conclusions have changed

We updated the risk of bias tables and rewrote much of
the review text. We updated the methodology used in
the meta-analysis of cross-over trials. The conclusions
of the review now include separate consideration of
adverse events in adults and children

23 November 2012 New search has been performed

We updated the literature search and included two new
studies. Kmiecik 2007 was a cross-over study involving
286 adultsand Pedroza 2009 was a parallel group study
involving 163 children.

HISTORY
Protocol first published: Issue 1, 1997
Review first published: Issue 3, 1998

Date Event

Description

4 December 2008  Amended

Search methods edited. Search dates corrected.

4 December 2008  New search has been performed

This review was previously updated as follows:

2008 update: Three large new trials were identified
comparing intranasal cold-attenuated live vaccine with
intramuscular inactivated vaccine. Fleming 2006 in-
cluded 2300 children aged 6 to 17 years and found the
impact on asthma to be similar in both groups. One of
the studies in younger children (Belshe 2007) showed
an increase in wheezing episodes and hospital admis-
sions in the infants given intranasal vaccination. Chil-
dren under two years of age are not included in this
review so further information is being sought from the
authors, to see if they can provide data on the older
children. Meanwhile it may be wise to avoid intranasal
vaccination in infants who are prone to wheezing.

2003 update: four new trials were included. The first,
Castro 2001, was a large cross-over trial (2032 asthmatic
children and adults) that did not find an increase in
adverse asthmatic events following inactivated influenza

vaccine in the two weeks after vaccination. The second,
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(Continued)

Redding 2002, assessed the safety and tolerability of
intra-nasal vaccination in 48 children and adolescents
with asthma (parallel-designed trial) and found that it
was safe and well-tolerated. The third, Bueving 2003,
carried out a longer-term parallel-design trial in 696
children with inactivated influenza vaccine, but did not
find a significant difference in influenza related asthma
exacerbations compared to placebo over the following
five months. The fourth, Sener 1999, was a small cross-
over study on 24 volunteers with mild asthma that did
not find deterioration in symptoms or lung function
after influenza vaccination.

1999 update: this review was updated to include the
results of one new study (Reid 1998). The results and

implications for practice and research were not been

altered

1 September 2008  Amended Converted to new review format.

18 February 2008  New citation required and conclusions have changed ~ Substantive amendment

CONTRIBUTIONS OF AUTHORS

Christopher Cates (CJC) had the idea of carrying out the original review and wrote the protocol in conjunction with Tom Jefferson
(TO]J) and Brian Rowe (BR). Studies for inclusion were assessed by CJC and TO]J and quality scoring was also carried out by the same
review authors. In the first update of the review CJC and Anna Bara assessed the new studies for inclusion and quality, and for the 2007
update CJC and Toby Lasserson assessed the new studies. CJC wrote and revised the review with assistance and advice from TO]J and
BR. The 2012 update was carried out by CJC with assistance for Joannie Shen and Charlotta Karner in selecting the new studies and
Elora Baishnab in assessing the risk of bias of the new studies and extracting outcome data. BH revised text and CJC is the guarantor
of the review.

DECLARATIONS OF INTEREST

None known. The authors have not represented the producers of these vaccine products. CJC acted in an advisory capacity in the
design of one of the studies (Bueving 2003).
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SOURCES OF SUPPORT

Internal sources

o NHS Executive (North Thames), UK.

e NHS Research and Development, UK.

e Emergency Medicine Research Group (EMeRG), Department of Emergency Medicine, University of Alberta, Canada.
Funding, space and equipment to complete systematic reviews.

External sources

o Garfield Weston Foundation, UK.
e Canada Institute of Health Research (CIHR), Ottawa, Canada.

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

The 2011 updated review includes a 'Risk of bias’ table, in which the assessment of risk of bias for blinding of participants and personnel
was not judged to be low risk unless there was a clear indication that the placebo injection was similar in appearance to the active
injection. Jadad scores (Jadad 1996) were used in the early versions of this review and have been preserved in the Characteristics of

included studies. The generic inverse variance method has been used for meta-analysis using paired data from cross-over trials in the
2012 update.

INDEX TERMS

Medical Subject Headings (MeSH)

Asthma [*complications]; Influenza Vaccines [*therapeutic use]; Influenza, Human [complications; *prevention & control]; Random-

ized Controlled Trials as Topic

MeSH check words
Adult; Child; Humans
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