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Strengths and limitations of this study

►► The review was conducted following established 
guidelines and a prospectively specified protocol.

►► The review focused on all-cause outcomes to re-
duce the risk of underestimating the vaccine impact 
that exists due to potential difficulties in identifying 
and accurately recording the cause of hospitalisa-
tion and death in patients with an underlying chronic 
disease.

►► To reduce the risk of missing relevant studies and 
relevant data and to increase the objectivity of the 
review, two independent reviewers screened the 
studies, extracted data and assessed the risk of bias 
and quality of evidence.

►► Differences in studies included in meta-analyses, 
publication bias, restriction on the publication lan-
guage and varying response to queries about data 
on liver disease subgroups may have affected the 
effects observed in this review.

►► Inclusion of non-randomised studies lowers the 
quality of evidence and limits the conclusions that 
can be drawn.

ABSTRACT
Objectives  Patients with liver disease frequently require 
hospitalisation with infection often the trigger. Influenza 
vaccination is an effective infection prevention strategy in 
healthy and elderly but is often perceived less beneficial 
in patients with liver disease. We investigated whether 
influenza vaccination triggered serological response and 
prevented hospitalisation and death in liver disease.
Design  Systematic review and meta-analysis.
Data sources  MEDLINE, EMBASE, PubMed and CENTRAL 
up to January 2019.
Eligibility criteria  Randomised or observational studies of 
the effects of influenza vaccine in adults with liver disease.
Data extraction and synthesis  Two reviewers screened 
studies, extracted data and assessed risk of bias and 
quality of evidence. Primary outcomes were all-cause 
hospitalisation and mortality. Secondary outcomes 
were cause-specific hospitalisation and mortality, 
and serological vaccine response. Random-effects 
meta-analysis was used to estimate pooled effects of 
vaccination.
Results  We found 10 041 unique records, 286 were 
eligible for full-text review and 12 were included. Most 
patients had viral liver disease. All studies were of very 
low quality. Liver patients both with and without cirrhosis 
mounted an antibody response to influenza vaccination, 
and vaccination was associated with a reduction in risk 
of hospital admission from 205/1000 to 149/1000 (risk 
difference −0.06, 95% CI −0.07 to 0.04) in patients 
with viral liver disease. Vaccinated patients were 27% 
less likely to be admitted to hospital compared with 
unvaccinated patients (risk ratio 0.73, 95% CI 0.66 to 
0.80). No effect against all-cause or cause-specific 
mortality or cause-specific hospitalisation was found.
Conclusions  The low quantity and quality of the evidence 
means that the protective vaccine effect may be uncertain. 
Considering the high risk of serious health outcomes from 
influenza infection in patients with liver disease and the 
safety and low cost of vaccination, overall, the potential 
benefits of seasonal vaccination both to patients and the 
healthcare systems are likely to outweigh the costs and 
risks associated with vaccination.
PROSPERO registration number  CRD42017067277.

Introduction
More than 45 million people globally, 
including >8 million people in the USA and 

Europe, are affected by chronic liver disease.1 
The prevalence of liver disease is increasing, 
driven by obesity and alcohol consumption.2

The progression of liver disease is asso-
ciated with immune dysregulation3–6 and 
complications from common acute infec-
tions such as influenza cause significant 
morbidity and mortality. A twofold increased 
risk of hospital admission for influenza was 
observed in patients with liver disease in 19 
hospitals in Russia, Turkey, China and Spain 
during the 2013/2014 season.7 Similarly, an 
analysis of data on laboratory-confirmed 
influenza cases collected from several WHO 
member states during the 2009 influenza A 
(H1N1) pandemic found patients with liver 
disease to have >5-fold increased risk of influ-
enza-related hospitalisation and over 17-fold 
increased risk of death compared with that 
of healthy individuals.8 Influenza infection, 
while not directly targeting the liver, may 
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cause collateral liver damage9 and trigger hepatic decom-
pensation in liver disease.10

Influenza vaccine introduces a whole or part of the 
influenza virion into the body stimulating antibody 
production against the virus, similar to an actual infec-
tion. In healthy adult and elderly populations, seasonal 
influenza vaccination is an effective way to prevent influ-
enza infection.11 12 People with liver disease, due to the 
high risk of severe health complications from influenza 
infection, are often a target of influenza vaccination 
policies13 but randomised trials on vaccine effectiveness 
in patients with liver disease are lacking as withholding 
the vaccine may place patients’ safety and health at risk. 
For example, a previous systematic review of randomised 
trials of influenza vaccine effectiveness in patients with 
chronic diseases, conducted in 2011,14 identified only 
one study in patients with liver disease. Observational 
studies offer an alternative way of investigating vaccine 
effectiveness but without randomisation of patients the 
results are vulnerable to confounding and bias, in partic-
ular frailty bias. Frailty bias exist when some or all of the 
reduction in the risk of health complications may be due 
to the preferential receipt of vaccine by individuals who 
are in general more healthy. One solution to minimise 
the effect of frailty bias is to observe the vaccine effect 
both within and outside of the influenza season. If frailty 
bias exist, we would see higher rates of health complica-
tions in unvaccinated individuals outside of the influenza 
season. This would indicate that any protective effect 
observed within the season may be partially or fully due 
to the vaccinated individuals being healthier overall and 
an overestimation of the effect of the vaccine. Finally, in 
addition to measuring clinical outcomes to understand 
the effects of the vaccine, the antibody response elicited 
by the vaccine can be measured and used as a proxy for 
vaccine effectiveness.

There is uncertainty among primary and secondary 
care physicians whether influenza vaccines are able to 
trigger an appropriate antibody response and protect 
patients with liver disease from health complications,15 
and the vaccination coverage is poor. Just over 55% of 
the chronic liver disease respondents to the 2016 US 
National Health Interview Survey16 had been vaccinated 
against influenza in the past 12 months and <50% of 
working-age patients with liver disease registered with 
primary care practitioners in England had received 
influenza vaccination during the 2015/2016 season.17 
To inform vaccination policy and to help guide deci-
sion-making regarding vaccination, our review aims to 
provide a systematic synthesis of the available evidence 
from both observational studies and randomised trials 
on the effectiveness of influenza vaccines to prevent 
serious health outcomes, hospitalisation and death, in 
adults with chronic liver disease. To address uncertainty 
over the vaccines’ ability to trigger antibody response in 
patients with liver disease, we also assess the effects of 
influenza vaccines on serological response in adults with 
chronic liver disease.

Materials and methods
Protocol and registration
This systematic review and meta-analysis followed the 
Preferred Reporting Items for Systematic Review and 
Meta-Analyses guidelines.18 The review protocol was spec-
ified in advance as part of a wider review plan that also 
includes a study of the effectiveness of pneumococcal 
vaccine. The protocol was registered in PROSPERO 13 
June 2017 (registration number CRD42017067277) and 
published after peer review on 16 March 2018.19 Based on 
the peer-review feedback, we made minor amendments to 
the initial protocol (online supplementary table 1).

Eligibility criteria
Studies published in peer-reviewed journals were eligible 
for inclusion for this systematic review and meta-anal-
ysis if they met the following participants, intervention, 
comparator, outcome and study design criteria: study 
type was randomised or non-randomised controlled trial, 
cohort or case-control study; intervention was an inject-
able, inactivated whole-virus, split-virus or subunit influ-
enza vaccine; intervention was compared with placebo, 
alternative intervention or no vaccination (no compar-
ison group was required for serological response); study 
population included at least 10 adults aged ≥18 years 
with chronic liver disease of any severity or aetiology 
(by any classification) per comparison group; outcomes 
included all-cause hospitalisation or all-cause mortality 
(or supportive outcomes hospitalisation or mortality 
due to acute respiratory illness, influenza/influenza-like 
illness (ILI) or liver disease complications) or serolog-
ical response to influenza vaccine. We only included 
studies published in English. Review articles, case reports, 
cross-sectional studies, animal studies, editorials, clin-
ical guidelines, studies with liver transplant patients only 
(response to the vaccination and clinical outcomes are 
likely to be strongly influenced by the immunosuppres-
sive medication rather than the status of liver disease), 
studies focused on special populations (such as preg-
nant women, nursing home residents or patients with 
other chronic diseases), test-negative case-control studies 
(where both cases and controls were hospitalised for influ-
enza-related illness/ILI/acute respiratory illness, listed in 
online supplementary table 2) and studies retracted from 
publication were excluded.

Information sources and search strategy
We searched the Cochrane Central Register of Controlled 
Trials, Ovid MEDLINE, Ovid Embase and PubMed (orig-
inally up to 16 July 2017 and later updated up to 20 
January 2019) for articles containing variations of terms 
‘influenza’, ‘influenza’, ‘seasonal’, ‘TIV’, ‘QIV’, ‘3-valent’, 
‘4-valent’, ‘trivalent’ or ‘quadrivalent’ in combination 
with terms ‘vaccine’ or ‘immunisation’ and ‘liver disease’, 
‘hepatic disease’, ‘chronic liver’, ‘chronic hepatic’ or 
‘cirrhosis’. The search also included medical subject 
headings ‘Influenza Vaccines’ (exploded), ‘Influenza, 
human /Prevention and Control’ and ‘Liver Diseases’ 
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(exploded). The search was filtered by study design, age 
group of participants and publication type. To capture 
studies where patients with liver disease may have been 
included as part of a general population, the search was 
repeated leaving out the liver disease-specific terms and 
with the study design filter restricted to trials only. The 
full search strategy in MEDLINE and the medical subject 
headings for all databases searched are provided in 
online supplementary tables 3 and 4. Electronic searches 
were complemented by manually searching recent influ-
enza vaccine guidelines from Centers for Disease Control 
and Prevention, European Centre for Disease Control 
and Prevention and WHO, and the reference lists of the 
included studies.

Study selection
Titles of the articles identified through the search of the 
studies of influenza vaccination in the general popu-
lation were first prescreened by one reviewer (SH). 
Abstracts and titles of articles meeting the prescreening 
criteria and of all articles identified through the liver 
disease-specific search were then screened by two 
independent reviewers (CP and SH). Studies deemed 
eligible were included in the full-text review by two 
independent reviewers (CP and SH). Disagreements 
were resolved by discussion and the reasons for exclu-
sion were recorded. In case of uncertainty over eligi-
bility, study authors were contacted. Studies for which 
this uncertainty could not be resolved were excluded 
(online supplementary table 5).

Data collection process and data items
Using standardised online forms, two review authors 
(CP and SH) independently and in duplicate extracted 
data on: study participants (inclusion and exclusion 
criteria, method of recruitment/selection, study popu-
lation characteristics), interventions and comparators 
(vaccine type, comparison treatment, dose, route of 
delivery, number and timing of vaccinations/compar-
ator treatments, number of individuals and follow-up 
time in intervention and comparison groups), outcomes 
(definition, time points measured and reported, unit 
of measurement, number of outcomes in the interven-
tion and control group, unadjusted and adjusted effect 
measures, covariates that the effect measures were 
adjusted for, comparisons, missing data and reasons for 
missingness, statistical methods used and processes for 
randomisation), study design (study type, country and 
setting, date of study, study duration, aim of study and 
withdrawals), study quality, study bias, study funding 
and conflicts of interest. We contacted study authors 
to obtain subgroup data, missing data and to clarify 
unclear data. Effect measures were collected in the 
format in which they were reported and transformed 
for analysis as required.

Risk of bias in individual studies
Two review authors (CP and SH) independently assessed 
the risk of bias. We used the Cochrane Collaborations 

tool20 to assess randomised trials and the Newcastle-Ottawa 
Scale21 to assess observational studies. Age, sex, severity 
and aetiology of liver disease and presence of comorbidi-
ties were considered the most important confounders in 
the assessment of observational studies. Additionally, in 
studies of pandemic vaccine effect on clinical outcomes, 
we considered as a potential confounder a previous 
seasonal influenza vaccination in the same season the 
study vaccine was administered. Risk of bias assessment 
in serological studies focused on the study population 
with liver disease. Disagreements over risk of bias were 
resolved by discussion between reviewers.

Summary measures and synthesis of results
Where more than a single study per outcome was iden-
tified and the study designs, protocols and measures 
of treatment effect were considered similar enough to 
produce a meaningful pooled effect, we used random-ef-
fects meta-analysis to summarise the average effects 
of vaccination. For serological vaccine response, we 
compared the haemagglutinisation inhibition (HI) anti-
body responses of patients with liver disease before and 
after vaccination. Comparisons between titres and titre 
ratios were presented as a mean difference (MD) of log 
geometric mean titre (GMT) or log geometric mean titre 
ratio (GMTR) with 95% CIs (titres and ratios were log 
transformed to back to their original scale to obtain SD). 
Seroconversion (defined as the proportion of patients 
whose negative prevaccination serum converted to an HI 
titre >1:40, or who experienced at least a fourfold titre 
increase, after vaccination) and seroprotection (defined 
as the proportion of patients achieving an HI titre of 
>1:40 after vaccination) levels were presented as preva-
lence rates (%) with 95% CI and comparisons between 
rates were presented as risk ratio (RR) with 95% CI. As 
reference levels, for a theoretically adequate response, 
we used 40% for seroconversion and 70% for seroprotec-
tion. Reported rates expressed only as percentages that 
did not correspond to an integer number of patients 
were imputed to the closest possible number of patients 
(closest integer above the reported non-integer for base-
line and closest integer below for effect rates). Response 
measures were presented in categories by virus subtype. 
The vaccine effects on hospitalisation and mortality 
were compared between vaccinated and unvaccinated 
patients with liver disease and presented as a crude RR 
with 95% CI (adjusted effect measures, reported sepa-
rately within results, were available from two studies but 
on different scales). Effect measures from multiple corre-
sponding seasons were combined into an overall measure 
within each study. Presence of frailty bias were evaluated 
by contrasting the effect estimates in and out of influ-
enza season. Person-time was presented as person-seasons 
for seasonal and as person-years for whole-year effect 
estimates. We regarded heterogeneity between studies 
as substantial if τ2 was >0, I2 was >30% and the p value 
for Q-statistic was <0.10. Uncertainty in the estimates of 
between-study variance, likely to be greater when only a 
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small number of effect estimates are pooled together, was 
not quantified (option not available in the software used). 
Statistical analyses were performed using Stata V.14.0 and 
RevMan V.5.3.

Additional analyses
Subgroup analyses and meta-regression were not carried 
out due to the low number of studies. Sensitivity analyses 
were carried out to investigate whether the serological 
vaccine effects were similar in less severe (non-cirrhotic 
disease) and advanced liver disease (cirrhotic disease) 
comparing response in all patients with that in patients 
with cirrhosis only. We were not able to conduct sensi-
tivity analyses based on aetiology of disease as the study 
populations were mainly of mixed aetiologies. In studies 
that included a healthy control population, we compared 
antibody responses between patients with liver disease 
and the controls.

Risk of bias across the studies
For each of the review outcomes, we evaluated the risk 
of selective outcome reporting bias using the Outcome 
Reporting Bias in Trials classification system.22 Presence 
of publication bias was assessed based on this evalua-
tion and our review design (funnel plots or formal tests 
were not used because of the low number of studies). 
The Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) Working Group 
system23 was used to assess and report the overall quality 
of evidence. In this assessment, we regarded a vaccine 
effect outside of the influenza season (suggesting the 
effect of frailty bias) for clinical outcomes as confounding 
(contributing to study limitations). All assessments were 
completed by two independent reviewers (CP and SH) 
and disagreements were resolved by discussion between 
reviewers.

Patient and public involvement
Patients and the public were not involved in the design or 
planning of this study.

Results
The search of influenza studies in the general population 
provided a total of 10 041 unique study records. After title 
screening, 1607 of these records and 608 unique records 
from the liver disease-specific search were included in the 
abstract and title screening. The full text of 286 studies 
was examined in detail, and of these, 10 studies met the 
inclusion criteria for the review. An additional two studies 
were identified through recent influenza vaccine guide-
lines, making the total number of included studies 12. 
The study flow chart is presented in figure 1.

The included studies consisted of 1 randomised 
controlled trial and 11 cohort studies. Six studies 
included serological outcomes (table 1) and six included 
clinical outcomes (table 2). The studies with serological 
outcomes had low (four studies) to moderate bias (two 

studies) in selection of study population and low (two 
studies), moderate (three studies) and high bias (one 
study) in assessment of the outcomes (bias mostly due 
to lack of description of independent, blind outcome 
assessment). Individual studies with clinical outcomes 
had moderate-to-low risk of bias in selection of the 
study population (in two studies vaccination status was 
self-reported) and low risk of bias in outcome assess-
ment (majority used medical records). In most studies, 
the presence of confounding due to demographic and 
clinical characteristics was unclear (we did not have char-
acteristics for the liver patient subgroups obtained from 
the studies conducted in the general population) and 
the results for control periods (non-influenza periods) 
were available only from two studies. High risk of selec-
tive outcome reporting was suspected in only one clin-
ical study (outcome all-cause mortality) but mainly in 
serological studies (outcome GMTR). Evidence for all 
outcomes was judged as very low quality. Risk of bias and 
selective outcome reporting assessments, and the GRADE 
evidence profile are provided in online supplementary 
tables 6, 7 and 8.

The serological response to influenza vaccine was 
assessed in six studies including a total of 262 patients 
with liver disease (table  1). Each study employed a 
cohort design in which all study participants were vacci-
nated. Mean age of participants with liver disease ranged 
between 42 and 65 years (one study did not report 
baseline characteristics of participants). Three studies 
enrolled exclusively patients with cirrhosis in their liver 
disease group, two studies enrolled both patients with and 
without cirrhosis and one study had separate groups for 
patients with and without cirrhosis. Hepatitis C was the 
main cause of liver disease in three studies and hepatitis 
B in two studies. In one study, aetiology was not specified. 
Four studies immunised the participants with a trivalent 
seasonal vaccine and two used a monovalent pandemic 
vaccine. In all studies, blood samples for postvaccination 
measurements were drawn after minimum of 3 weeks 
and antibody titres measured using a traditional HI assay 
(antibody titre data are provided in online supplemen-
tary table 9).

HI antibody levels of patients with liver disease increased 
in response to vaccination (pooled random-effects MD of 
log GMTs 1.92, 95% CI 1.65 to 2.19) (figure 2). There was 
no substantial heterogeneity between individual estimates 
(τ2=0.04, I2=15%, p=0.28) or levels against influenza A 
and B viruses (p=0.16). Seroconversion rate in patients 
with liver disease to both A/H1N1 and B subtypes was 
clearly above the 40% reference level (pooled random-ef-
fects prevalence for A/H1N1 79.95%, 95% CI 68.19% 
to 89.70% and pooled random-effects prevalence for B 
86.82%, 95% CI 71.87% to 97.07%) and around 40% 
in the case of subtype A/H3N2 (pooled random-effects 
prevalence 55.53%, 95% CI 39.92% to 70.63%). While 
the majority of the studies reported estimates above 40%, 
there was substantial heterogeneity between response 
rates (I2=76.55% and p<0.01 for subtype A/H1N1; 
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Figure 1  Study selection. ILI, influenza-like illness.
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Table 1  Characteristics of the included studies on serological response to influenza vaccine

Study Location Design

Participants with liver 
disease (% cirrhosis, % 
viral aetiology)

Sample 
size Vaccine

Follow-up 
(weeks) Outcomes

Cheong et 
al31

South Korea Cohort 
study with 
comparison 
groups

Patients with advanced 
cirrhosis (100% cirrhosis, 
72% viral aetiology)

50 (54 
healthy 
controls)

Trivalent, 
split virus

4 GMT
Seroconversion 
rate
Seroprotection 
rate

Duchini et 
al32

USA Cohort 
study with 
comparison 
groups

Patients with cirrhosis
(100% cirrhosis, 56% viral 
aetiology)

14 (9 
healthy 
controls)

Trivalent, 
split virus

6 GMT
GMTR
Seroconversion 
rate

Hernández-
Guerra et 
al33

Canary 
Islands, Spain

Cohort 
study with 
comparison 
groups

Patients with chronic HCV 
(0% cirrhosis, 100% viral 
aetiology)

25 (15 
healthy 
controls)

Monovalent, 
split virus

4–11 GMT
GMTR
Seroconversion 
rate
Seroprotection 
rate

Ohfuji et al34 Japan Cohort study Patients with chronic HCV 
(25% cirrhosis, 100% viral 
aetiology)

79 Monovalent, 
split virus

3 GMT
GMTR
Seroconversion 
rate
Seroprotection 
rate

Sayyad et 
al35

Iran Cohort 
study with 
comparison 
groups

Patients with cirrhosis 
and inactive HBV carriers 
(47% cirrhosis, 100% viral 
aetiology in non-cirrhotics, 
aetiologies not provided in 
cirrhotics)

28, 31 (34 
healthy 
controls)

Trivalent, 
subunit

4 GMT
Seroconversion 
rate
Seroprotection 
rate

Soesman et 
al36

The 
Netherlands

Cohort 
study with 
comparison 
groups

Patients with cirrhosis 
(100% cirrhosis, aetiologies 
not provided)

36 (45 
healthy 
controls)

Trivalent, 
subunit

4 GMT
Seroconversion 
rate
Seroprotection 
rate

GMT, geometric mean titre; GMTR, geometric mean titre ratio; HBV, hepatitis B virus; HCV, hepatitis C virus.

I2=72.37% and p=0.01 for subtype A/H3N2; I2=79.99% 
and p<0.01 for subtype B). Seroconversion rate is 
presented in figure 3. Seroprotection rate in patients with 
liver disease was above the 70% reference level (pooled 
random-effects rate 93.88%, 95% CI 87.33% to 98.40%) 
(figure 4). While the majority of studies reported a sero-
protection rate above 70%, there was substantial hetero-
geneity (I2=83.81%, p<0.01) (figure  4). Although some 
studies reported a substantial seroprotection level before 
vaccination, the pooled prevaccination seroprotection 
rate was clearly below 70% (online supplementary figure 
1).

The effectiveness of influenza vaccine in preventing 
all-cause hospitalisation in patients with liver disease was 
investigated in two cohort studies, published in 2014 and 
2016.24 25 A study of 408 participants from Japan24 inves-
tigated pandemic vaccine (against a single virus subtype) 
and enrolled exclusively patients with chronic hepatitis C 
virus (HCV) infection. A study of 8080 participants from 

Taiwan25 investigated seasonal vaccine (against multiple 
virus subtypes) exclusively in patients with chronic hepa-
titis B virus (HBV) infection. In the study of patients with 
HCV infection, patients were prospectively recruited from 
those who were under clinical follow-up for their liver 
disease but vaccination status was self-reported.24 In the 
study of patients with HBV infection, both liver disease 
and vaccination status were determined from electronic 
medical claim records.25 One study presented results for 
one influenza season and the other for an entire year 
after vaccination and pooled the results from a period 
of 9 years (figure 5). Both studies compared the rate of 
all-cause hospital admission (first incidence) between 
vaccinated and unvaccinated individuals.

Vaccinated patients with HCV were no less likely to be 
hospitalised than unvaccinated patients during an influ-
enza season after pandemic influenza A vaccination (RR 
0.57, 95% CI 0.24 to 1.37, risk difference [RD] −0.03, 
95% CI −0.08 to 0.01).24 In this study, hospitalisation 
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Table 2  Characteristics of the included studies on clinical outcomes after influenza vaccination

Study Location Design
Participants with liver 
disease

Sample size 
(patients with liver 
disease) Study period Outcomes

Campitelli et 
al26

Canada Cohort study Patients with chronic 
liver disease among the 
community-dwelling 
aged ≥65 years

205 vaccinated/124 
unvaccinated

Eight influenza 
seasons 
1996–1998 and 
2001–2007

All-cause mortality.
Acute respiratory 
illness-related 
hospitalisation 
(pneumonia and 
influenza).

Castilla et 
al27

Spain Cohort study Patients with cirrhosis 
among the community-
dwelling aged ≥65 
years

3126 person-seasons 
vaccinated/1804 
person-seasons 
unvaccinated
Number of patients 
not reported

Two influenza 
seasons 2011–
2013

All-cause mortality.

Ohfuji et al24 Japan Cohort study Hospital outpatients 
with chronic HCV (64%, 
aged ≥65 years)

132 vaccinated/276 
unvaccinated

One influenza 
season

All-cause 
hospitalisation.

Song et al29 South 
Korea

Randomised 
controlled 
trial

Hospital inpatients 
and outpatients with 
cirrhosis (50%, aged 
≥55 years)

175 vaccinated/90 
unvaccinated

One influenza 
season
2004–2005

Influenza illness-
related mortality 
(laboratory-
confirmed 
influenza).

Su et al25 Taiwan Cohort study Hospital outpatients 
with chronic HBV (38%, 
aged ≥60 years)

4434 vaccinated/3646 
unvaccinated

Nine influenza 
seasons 2000–
2009

All-cause 
hospitalisation.
All-cause mortality.
Liver disease 
complication-
related 
hospitalisation
(septicaemia, 
bacteraemia, 
viraemia).

Vila-
Córcoles et 
al28

Spain Cohort study Patients with cirrhosis 
among the community-
dwelling (aged ≥65 
years)

100–117 
vaccinated/73–104 
unvaccinated 
(numbers varied per 
year)

Four influenza 
seasons, three 
non-influenza 
periods, three 
full years 2002–
2005

All-cause mortality.

HBV, hepatitis B virus; HCV, hepatitis C virus.

outside the influenza season was not measured. Adjusting 
the effect estimate (for chronic comorbidities, steroid 
treatment within the preceding 6 months and albumin 
level), calculated in the study as the OR (crude OR 0.55, 
95% CI 0.22 to 1.39), adjusted OR 0.43, 95% CI 0.16 
to 1.17), did not reveal a significant effect.24 Seasonal 
vaccination, however, was associated with a drop from 
205/1000 patients to 149/1000 patients being hospital-
ised during a full year of follow-up (RD −0.06, 95% CI 
−0.07 to –0.04). Vaccinated patients with HBV were 27% 
less likely to be admitted to the hospital than unvacci-
nated patients (RR 0.73, 95% CI 0.66 to 0.80).25 Both 
the crude and the adjusted time-to-event estimate that 
accounted for cirrhosis status, age, sex, pneumococcal 
vaccine, comorbidities and recent hospitalisation, calcu-
lated in the study as the HR, showed a protective effect 

(crude HR 0.68, 95% CI 0.62 to 0.76, adjusted HR 0.56, 
95% CI 0.50 to 0.62).25 Based on a Kaplan-Meier plot, 
the difference in event-free survival probability between 
vaccinated and unvaccinated was established during the 
influenza season, approximately within the first 3 months 
after vaccination.25 The effect of influenza vaccine on 
cause-specific hospitalisation was investigated in two 
studies.25 26 A cohort study from Canada, published in 
2010, measured acute respiratory illness-related hospi-
talisation during influenza season (defined as influ-
enza/pneumonia hospitalisation) using medical claims 
and hospital records.26 A total of 329 patients with liver 
disease were included as part of a general population, 
however, as there were five or fewer hospitalisation events 
in both groups, the study authors were unable to release 
the results (reason: institution’s data policy, personal 
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Figure 2  Serological response to influenza vaccination: mean difference in log haemagglutinisation inhibition (HI) antibody 
geometric mean titres (GMTs) before and after vaccination. Sayyad et al (2012a) includes patients with cirrhosis and Sayyad et 
al (2012b) includes patients without cirrhosis.

Figure 3  Serological response to influenza vaccination: 
seroconversion rate after vaccination. Sayyad et al (2012a) 
includes patients with cirrhosis and Sayyad et al (2012b) 
includes patients without cirrhosis. ES=effect size.

Figure 4  Serological response to influenza vaccination: 
seroprotection rate after vaccination. Sayyad et al (2012a) 
includes patients with cirrhosis and Sayyad et al (2012b) 
includes patients without cirrhosis. ES=effect size.

communication). A liver disease complication-related 
hospitalisation outcome was included in the Taiwanese 
study of patients with HBV.25 Vaccinated patients with 
liver disease were 57% less likely to be admitted to 
hospital for unspecified septicaemia, bacteraemia and 
viraemia than unvaccinated patients (RR 0.43, 95% CI 
0.31 to 0.59). Vaccination was associated with a fall from 
26/1000 patients to 11/1000 patients being hospitalised 
(RD −0.02, 95% CI −0.02 to –0.01). It appeared, however, 
that a difference in event-free survival probability was not 

established during the influenza season (Kaplan-Meier 
plot).25 No studies with the outcome influenza illness/
ILI-related hospitalisation were identified.

The effectiveness of influenza vaccine in preventing 
all-cause mortality in patients with liver disease was inves-
tigated in five cohort studies,25–28 published between 2007 
and 2016. Only the Taiwanese study of patients with HBV 
enrolled exclusively patients with liver disease.25 Two 
studies from Spain27 28 and one from Canada26 enrolled 
patients with liver disease as part of the general, commu-
nity-dwelling population. All studies ascertained liver 
disease diagnosis and vaccination status from electronic 
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Figure 5  Effect of influenza vaccine on clinical outcomes: all-cause hospitalisation in vaccinated compared with unvaccinated 
patients with liver disease. Ohfuji et al24 investigated the effect of pandemic (monovalent) vaccine and SU et al25 investigated the 
effect of seasonal vaccine (against three or more virus subtypes).

Figure 6  Effect of influenza vaccine on clinical outcomes: all-cause mortality in vaccinated compared with unvaccinated 
patients with liver disease.

health or medical claim records. In one study, the record-
based vaccination status was based on self-reporting. The 
Spanish studies followed patients over multiple seasons 
from the start of the study allowing them to contribute 
to both the unvaccinated and vaccinated follow-up 
time for different seasons,27 28 whereas the other two 
studies followed patients up for a single season/year,25 26 
although this was over multiple seasons/years. All studies 
compared all-cause mortality rates between vaccinated 
and unvaccinated individuals.

Results are presented in figure 6. Vaccinated patients 
were no less likely to die during influenza season (pooled 
random effects RR 0.80, 95% CI 0.43 to 1.50, RD −0.001, 
95% CI −0.01 to 0.01), or the entire year (pooled random 
effects RR 0.41, 95% CI 0.11 to 1.52, RD −0.06, 95% CI 
−0.08 to 0.04). All the studies that contributed to the 
influenza season-specific estimate reported non-sig-
nificant effects and there was no substantial heteroge-
neity (τ2=0.12, I2=33.00%, p=0.23). The studies that 
contributed to the whole-year estimate were substan-
tially heterogeneous (τ2=0.83, I2=94.00%, p<0.00), with 
the smaller Spanish study28 reporting a non-signifi-
cant effect (personal communication) and the larger 
Taiwanese study reporting a large protective effect (RR 
0.22, 95% CI 0.17 to 0.28).25 The Spanish study reported 
no effect outside the influenza period (RR 0.52, 95% CI 
0.15 to 1.83). The Canadian study also measured the 
effect outside the non-influenza period but as there were 
five or fewer deaths in both groups, the authors were 
unable to provide the results (institution’s data policy, 

personal communication). Based on a Kaplan-Meier 
plot presented in the Taiwanese study, the difference in 
survival probability was mainly established approximately 
in the first 5 months after vaccination,25 however, it was 
not clear whether the increase in death rate fully levelled 
off after the influenza season and it may be that this to 
some extent contributed to the size of the yearly effect 
estimate in this study. The effect of influenza vaccine on 
the rate of cause-specific mortality was investigated in 
one study.29 The effect of influenza vaccine in preventing 
influenza illness/ILI-related mortality was included as an 
outcome in a South Korean randomised controlled trial 
of patients with cirrhosis published in 2007.29 No deaths 
due to laboratory-confirmed influenza occurred among 
the 175 vaccinated or the 90 unvaccinated patients during 
the influenza season.29 No studies investigating mortality 
related to acute respiratory illness or liver disease compli-
cations were identified.

To understand whether the vaccine effects were 
different based on the patients’ cirrhosis status, we 
conducted sensitivity analyses. The serological response 
in patients with cirrhosis did not differ from the results 
of our main analyses (online supplementary figures 2-5). 
We did not have the data and therefore were not able to 
conduct similar analyses for the clinical outcomes.

In addition to comparing the vaccine effects within 
patients with liver disease, the studies of serological 
response (5/6 studies) also compared the outcomes 
between patients with liver disease and healthy controls 
(individuals without liver disease). The antibody titres 
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Table 3  Summary of findings for clinical outcomes

Outcome

Patients: adults with chronic liver disease
Setting: general population
Intervention: influenza vaccination (injectable, inactivated)
Comparison: no vaccination

Risk/rate in 
unvaccinated*

Risk/rate in 
vaccinated Relative effect

Vaccine 
effectiveness

Number of 
participants/person-
time (number and 
type of studies)

Quality of 
evidence 
(GRADE)

All-cause 
hospitalisation, 
influenza season 
(pandemic 
vaccine)

80 per 1000 46 per 1000 
(19–110)

0.57 (0.24, 1.37) Not significant 408 (1 observational 
study)

Very low†

All-cause 
hospitalisation, all 
year

205 per 1000 150 per 1000 
(135–164)

0.73 (0.66, 0.80) 27% (20%, 
34%)‡

8080 (1 observational 
study)

Very low§

All-cause 
mortality, 
influenza season

17 per 1000 
person-seasons

14 per 1000 
person-seasons 
(7–26)

0.80 (0.43, 1.50) Not significant 5975 person-seasons 
(3 observational 
studies)

Very low¶

All-cause 
mortality, all year

85 per 1000 
person-seasons

35 per 1000 
person-seasons 
(9–129)

0.41 (0.11, 1.52) Not significant 8405 person-years (2 
observational studies)

Very low**

Effectiveness of influenza vaccination in preventing all-cause hospitalisation and all-cause mortality in adults with chronic liver disease.
*Median risk in unvaccinated across the studies.
†Rated down from low to very low based on study limitations, imprecision of the estimate and suspicion of publication bias.
‡Could be applicable to patients with HBV only as the study only enrolled patients with HBV.
§Rated down from low to very low based on suspicion of publication bias.
¶Rated down from low to very low based on study limitations, inconsistency in absolute rates, imprecision of the estimate and suspicion of 
publication bias.
**Rated down from low to very low based on study limitations, imprecision of the estimate and suspicion of publication bias.
GRADE, Grading of Recommendations Assessment, Development and Evaluation; HBV, hepatitis B virus.

before or after vaccination, seroconversion rate and 
seroprotection rate of patients with liver disease did not 
differ from those of healthy individuals. Prevaccination 
to postvaccination titre ratios (GMTRs) reported were 
similar between patients with liver disease and healthy 
individuals except for influenza subtype A/H3N2 where 
the mean fold-increase in antibody levels of patients with 
liver disease was lower than that of healthy individuals. 
The pooled results for these comparisons are provided in 
online supplementary figures 6-11. The studies on clinical 
outcomes in patients with liver disease did not include 
healthy comparison groups and while we did not seek 
these data from the studies that included patients with 
liver disease as part of a general population, the all-cause 
mortality results in the entire general population can be 
found in online supplementary table 10.

Discussion
Six cohort studies from three continents (Asia, Europe 
and North America) investigated the serological 
vaccine response in patients with liver disease. Two 
cohort studies and one randomised controlled trial, all 
from Asia, investigated the vaccine effect on hospital-
isation and/or mortality in patients with liver disease 

exclusively. In addition, there are at least three cohort 
studies, two from Europe and one from North America, 
that have assessed the vaccine effect on these outcomes 
in a general community-dwelling elderly population 
including a subgroup with liver disease. Overall, the 
available evidence suggests that while influenza vaccine 
may not protect against all-cause mortality, it triggers 
an effective antibody response and may reduce the risk 
of all-cause hospitalisation in patients with liver disease 
(findings for clinical outcomes summarised in table 3, 
maximum quality obtainable is ‘low’ as all included 
studies are non-randomised).

A previous systematic review14 on the effectiveness 
of inactivated influenza vaccine in different at-risk 
target groups identified only one randomised study in 
patients with liver disease. This study of 311 patients 
with cirrhosis, also included in our current review, 
found seasonal influenza vaccine effective against labo-
ratory-confirmed influenza but not against ILI.29 The 
study included hospitalised patients and could not 
investigate vaccine effectiveness against hospitalisation. 
Vaccine effect on influenza-related mortality was investi-
gated, however, no deaths occurred during the study. It 
is possible that the effects we found are not entirely due 
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to the vaccine. Other factors that may have affected the 
clinical outcomes include frailty bias, competing risks 
(in case of our secondary, cause-specific outcomes) and 
differences in previous vaccinations, social support, 
healthcare system, lifestyle and in the severity or type of 
liver disease between the vaccinated and unvaccinated 
populations. Serological outcomes may have been 
further affected by variation of the antibody assays.

The data presented are predominantly from patients 
with viral liver disease. We cannot therefore be certain 
that our findings are applicable to patients with liver 
disease caused by alcohol, obesity or other non-viral 
factors. While sensitivity analyses showed that compared 
with non-cirrhotic liver disease, having cirrhosis did not 
worsen the antibody response to the vaccine, most data 
in the analyses of clinical outcomes come from patients 
with a milder form of liver disease than cirrhosis. We 
might expect that in severe liver disease complications 
from influenza are more frequent and we may have seen 
more outcome events if more patients with cirrhosis 
were included. Given the proxy effectiveness in patients 
with cirrhosis indicated by the antibody responses, this 
would mean that our study may have somewhat under-
estimated the true protective effect against clinical 
outcomes. However, all our data on the hospitalisation 
outcome are from high-income Asian countries and it 
is possible that the protective vaccine effect may not 
extend to populations from other geographical and 
income settings with different prevalence of comorbid-
ities, age distribution, influenza seasonality and vaccine 
formulation used.

Our review has several strengths. It was conducted 
in a transparent way following established guidelines 
and a prospectively specified protocol. The search was 
conducted over multiple databases and we searched for 
both studies in patients with liver disease and studies in 
which patients with liver disease were included as part of 
the general population. To reduce the risk of missing rele-
vant studies and relevant data and to increase the objec-
tivity of the review, two independent reviewers screened 
the studies, extracted data and assessed the risk of bias. 
We studied all-cause outcomes to take into account the 
complex interplay of a chronic condition and acute infec-
tions. An underlying diagnosis of chronic liver disease 
may influence how cause of death and hospitalisation is 
recorded. This potentially reduces the number of cases 
that are attributed to influenza and solely investigating 
diagnoses of influenza is likely to substantially underesti-
mate the impact of the vaccine.

There are also limitations to our review. The meta-anal-
yses combine data from studies that differ in terms of 
patient population, outcome definitions and vaccine 
used. For the studies that included patients with liver 
disease as part of the general population, we had very 
limited information about the baseline characteristics 
of the patient with liver disease subgroup. In addition, 
despite the comprehensive search, publication bias, 
restriction on publication language and varying response 

to queries about data on liver disease subgroups may have 
affected the effects observed. We were not able to employ 
translation services and may have omitted relevant studies 
published in languages other than English from countries 
such as China where influenza vaccines are manufactured 
and liver disease is a significant public health challenge. 
A number of studies potentially included patients with 
liver disease as part of a wider study population but were 
unable to obtain confirmation and liver disease subgroup 
data from the study authors. Finally, the body of evidence 
identified in this review is limited both in quantity and 
quality, leaving room for uncertainty around the effects 
of the vaccination. The low quality is partly due to the 
non-randomised design of the included studies. This 
limitation may persist also in future reviews as conducting 
randomised controlled trials in a high-risk population are 
ethically challenging.

Evidence from mainly patients with viral liver disease 
suggests that underlying liver disease does not prevent 
patients from mounting an antibody response to influ-
enza vaccine and similar proxy effectiveness is seen both 
in patients with and without cirrhosis. We also identi-
fied a protective influenza vaccine effect against yearly 
all-cause hospitalisation in patients with viral liver disease. 
Assuming this effect—estimated in a large cohort study of 
over 8000 patients—is due to the vaccine, seasonal influ-
enza vaccination of 14–24 patients with viral liver disease 
could prevent one hospitalisation per year. It is uncertain 
whether the estimated effects extend to patients with liver 
disease of other than viral origin. No protective effect 
against all-cause mortality was found.

Current uptake of seasonal influenza vaccination is 
low. A recent systematic review identified low perceived 
vaccine effectiveness, and low concern and perceived risk 
of severe influenza infection as the most common barriers 
for seasonal influenza vaccination in patients with chronic 
illness.30 Ideally, the evidence for influenza vaccine effective-
ness in liver disease would come from a large randomised 
vaccine trial in patients with liver disease. In the absence 
of this evidence, we must rely on proxy estimates for effec-
tiveness from serological studies and evidence on clinical 
outcomes from observational studies. The best available 
evidence on the effectiveness of influenza vaccine in liver 
disease, summarised in this review, shows both proxy effec-
tiveness and protection against all-cause hospitalisation. 
The limited quantity and quality of this evidence means that 
the protective vaccine effect may be uncertain. However, 
considering the high risk of serious health outcomes from 
influenza infection in patients with liver disease and the 
safety and low cost of vaccination, overall the potential 
benefits of seasonal vaccination both to patients and the 
healthcare systems are likely to outweigh the costs and 
risks associated with vaccination. Wider collection of adult 
vaccination data and studies focused on patients with liver 
disease, using large databases linking routinely collected 
data on vaccinations and health, may allow us to address 
the remaining uncertainty about the effects of influenza 
vaccination in liver disease.

copyright.
 on S

eptem
ber 16, 2019 at U

C
L Library S

ervices. P
rotected by

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2019-031070 on 6 S
eptem

ber 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


12 Härmälä S, et al. BMJ Open 2019;9:e031070. doi:10.1136/bmjopen-2019-031070

Open access�

Contributors  The study was conceived by SH, LS, AO'B and AH. SH developed 
the eligibility criteria, search strategy, risk of bias assessment strategy and data 
extraction plan with guidance from LS, AO'B and AH. SH (trained in systematic 
methods of literature searching as part of her PhD studies) performed the literature 
searches and prescreening of titles. SH and CAP reviewed titles and abstracts, and 
full-text articles, extracted data and assessed study bias and quality. SH analysed 
the data, and wrote the manuscript to which all authors CAP, LS, AO'B and AH 
contributed. The corresponding author had full access to all the data in the study 
and had final responsibility for the decision to submit for publication.

Funding  This work was supported by the UK Biotechnology and Biological 
Sciences Research Council grant (grant number BBSRC BB/M009513/1) to SH. The 
funder had no role in study design, data collection, analysis and interpretation of 
data, or writing of the report.

Disclaimer  The corresponding author had full access to all the data in the study 
and had final responsibility for the decision to submit for publication.

Competing interests  None declared.

Patient consent for publication  Not required.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as supplementary information.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://​creativecommons.​org/​
licenses/​by/​4.​0/.

References
	 1.	 GBD 2016 Disease and Injury Incidence and Prevalence 

Collaborators. Global, regional, and national incidence, prevalence, 
and years lived with disability for 328 diseases and injuries for 195 
countries, 1990-2016: a systematic analysis for the global burden of 
disease study 2016. Lancet 2017;390:1211–59.

	 2.	 Asrani SK, Devarbhavi H, Eaton J, et al. Burden of liver diseases in 
the world. J Hepatol 2019;70:151–71.

	 3.	 Fierer J, Finley F. Deficient serum bactericidal activity against 
Escherichia coli in patients with cirrhosis of the liver. J Clin Invest 
1979;63:912–21.

	 4.	 Hassner A, Kletter Y, Shlag D, et al. Impaired monocyte function in 
liver cirrhosis. Br Med J 1981;282:1262–3.

	 5.	 O'Brien AJ, Fullerton JN, Massey KA, et al. Immunosuppression in 
acutely decompensated cirrhosis is mediated by prostaglandin E2. 
Nat Med 2014;20:518–23.

	 6.	 Rajkovic IA, Williams R. Abnormalities of neutrophil phagocytosis, 
intracellular killing and metabolic activity in alcoholic cirrhosis and 
hepatitis. Hepatology 1986;6:252–62.

	 7.	 Puig-Barberà J, Natividad-Sancho A, Trushakova S, et al. 
Epidemiology of hospital admissions with influenza during the 
2013/2014 Northern hemisphere influenza season: results from 
the global influenza Hospital surveillance network. PLoS One 
2016;11:e0154970.

	 8.	 Van Kerkhove MD, Vandemaele KAH, Shinde V, et al. Risk factors 
for severe outcomes following 2009 influenza A (H1N1) infection: a 
global pooled analysis. PLoS Med 2011;8:e1001053.

	 9.	 Polakos NK, Cornejo JC, Murray DA, et al. Kupffer cell-dependent 
hepatitis occurs during influenza infection. Am J Pathol 
2006;168:1169–78.

	10.	 Duchini A, Viernes ME, Nyberg LM, et al. Hepatic decompensation in 
patients with cirrhosis during infection with influenza A. Arch Intern 
Med 2000;160:113–5.

	11.	 Demicheli V, Jefferson T, Ferroni E, et al. Vaccines for preventing 
influenza in healthy adults. Cochrane Database Syst Rev 2018;377.

	12.	 Demicheli V, Jefferson T, Di Pietrantonj C, et al. Vaccines for 
preventing influenza in the elderly. Cochrane Database Syst Rev 
2018;346.

	13.	 European Centre for Disease Prevention and Control. Seasonal 
influenza vaccination and antiviral use in Europe – overview of 

vaccination recommendations and coverage rates in the EU member 
states for the 2013–14 and 2014–15 influenza seasons 2016.

	14.	 Michiels B, Govaerts F, Remmen R, et al. A systematic review of 
the evidence on the effectiveness and risks of inactivated influenza 
vaccines in different target groups. Vaccine 2011;29:9159–70.

	15.	 Leise MD, Talwalkar JA. Immunizations in chronic liver disease: what 
should be done and what is the evidence. Curr Gastroenterol Rep 
2013;15:300.

	16.	 National center for health statistics. National health interview survey. 
Public-use data file and documentation 2016.

	17.	 Public Health England. Influenza immunisation programme for 
England: GP patient groups - Data collection survey Season 2015 to 
2016; 2016.

	18.	 Moher Det al. Preferred reporting items for systematic reviews 
and meta-analyses: the PRISMA statement. Ann Intern Med 
2009;151:264–9.

	19.	 Härmälä S, Parisinos C, Shallcross L, et al. Effectiveness of 
pneumococcal and influenza vaccines to prevent serious health 
complications in adults with chronic liver disease: a protocol for a 
systematic review. BMJ Open 2018;8:e018223.

	20.	 The Cochrane Collaboration. Cochrane Handbook for systematic 
reviews of interventions. version 5.1.0, 2011updated March 2011. 
Available: http://​handbook-​5-​1.​cochrane.​org/ [Accessed 25 Jul 
2018].

	21.	 Wells G, Shea B, O’Connell D, et al. The Newcastle-Ottawa scale 
(NOS) for assessing the quality of nonrandomised studies in 
meta-analyses. Available: http://www.​ohri.​ca/​programs/​clinical_​
epidemiology/​oxford.​asp [Accessed 25 Jul 2018].

	22.	 Kirkham JJ, Dwan KM, Altman DG, et al. The impact of outcome 
reporting bias in randomised controlled trials on a cohort of 
systematic reviews. BMJ 2010;340:c365.

	23.	 Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging 
consensus on rating quality of evidence and strength of 
recommendations. BMJ 2008;336:924–6.

	24.	 Ohfuji S, Fukushima W, Sasaki Y, et al. Influenza A(H1N1)pdm09 
vaccine effectiveness and other characteristics associated 
with hospitalization in chronic liver disease patients. Liver Int 
2014;34:700–6.

	25.	 Su F-H, Huang Y-L, Sung F-C, et al. Annual influenza vaccination 
reduces total hospitalization in patients with chronic hepatitis B virus 
infection: a population-based analysis. Vaccine 2016;34:120–7.

	26.	 Campitelli MA, Rosella LC, Stukel TA, et al. Influenza vaccination and 
all-cause mortality in community-dwelling elderly in Ontario, Canada, 
a cohort study. Vaccine 2010;29:240–6.

	27.	 Castilla J, Guevara M, Martínez-Baz I, et al. Enhanced estimates 
of the influenza vaccination effect in preventing mortality. Medicine 
2015;94:e1240.

	28.	 Vila-Córcoles A, Rodriguez T, de Diego C, et al. Effect of influenza 
vaccine status on winter mortality in Spanish community-dwelling 
elderly people during 2002-2005 influenza periods. Vaccine 
2007;25:6699–707.

	29.	 Song JY, Cheong HJ, Ha SH, et al. Clinical impact of influenza 
immunization in patients with liver cirrhosis. J Clin Virol 
2007;39:159–63.

	30.	 Schmid P, Rauber D, Betsch C, et al. Barriers of influenza vaccination 
intention and behavior - a systematic review of influenza vaccine 
hesitancy, 2005 - 2016. PLoS One 2017;12:e0170550.

	31.	 Cheong H-J, Song J-Y, Park J-W, et al. Humoral and cellular immune 
responses to influenza vaccine in patients with advanced cirrhosis. 
Vaccine 2006;24:2417–22.

	32.	 Duchini A, Hendry RM, Nyberg LM, et al. Immune response to 
influenza vaccine in adult liver transplant recipients. Liver Transpl 
2001;7:311–3.

	33.	 Hernández-Guerra M, González-Méndez Y, de Molina P, et al. 
Immunogenicity and acceptance of influenza A (H1N1) vaccine in a 
cohort of chronic hepatitis C patients receiving pegylated-interferon 
treatment. PLoS One 2012;7:e48610.

	34.	 Ohfuji S, Fukushima W, Tamori A, et al. Immunogenicity of influenza 
A(H1N1)pdm09 vaccine and the associated factors on lowered 
immune response in patients with hepatitis C. Influenza Other Respi 
Viruses 2013;7:456–65.

	35.	 Sayyad B, Alavian SM, Najafi F, et al. Efficacy of influenza vaccination 
in patients with cirrhosis and inactive carriers of hepatitis B virus 
infection. Iran Red Crescent Med J 2012;14:623–30.

	36.	 Soesman NM, Rimmelzwaan GF, Nieuwkoop NJ, et al. Efficacy of 
influenza vaccination in adult liver transplant recipients. J Med Virol 
2000;61:85–93.

copyright.
 on S

eptem
ber 16, 2019 at U

C
L Library S

ervices. P
rotected by

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2019-031070 on 6 S
eptem

ber 2019. D
ow

nloaded from
 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/S0140-6736(17)32154-2
http://dx.doi.org/10.1016/j.jhep.2018.09.014
http://dx.doi.org/10.1172/JCI109391
http://dx.doi.org/10.1136/bmj.282.6272.1262
http://dx.doi.org/10.1038/nm.3516
http://dx.doi.org/10.1002/hep.1840060217
http://dx.doi.org/10.1371/journal.pone.0154970
http://dx.doi.org/10.1371/journal.pmed.1001053
http://dx.doi.org/10.2353/ajpath.2006.050875
http://dx.doi.org/10.1001/archinte.160.1.113
http://dx.doi.org/10.1001/archinte.160.1.113
http://dx.doi.org/10.1002/14651858.CD001269.pub6
http://dx.doi.org/10.1002/14651858.CD004876.pub4
http://dx.doi.org/10.1016/j.vaccine.2011.08.008
http://dx.doi.org/10.1007/s11894-012-0300-6
http://dx.doi.org/10.7326/0003-4819-151-4-200908180-00135
http://dx.doi.org/10.1136/bmjopen-2017-018223
http://handbook-5-1.cochrane.org/
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://dx.doi.org/10.1136/bmj.c365
http://dx.doi.org/10.1136/bmj.39489.470347.AD
http://dx.doi.org/10.1111/liv.12295
http://dx.doi.org/10.1016/j.vaccine.2015.10.129
http://dx.doi.org/10.1016/j.vaccine.2010.10.049
http://dx.doi.org/10.1097/MD.0000000000001240
http://dx.doi.org/10.1016/j.vaccine.2007.07.015
http://dx.doi.org/10.1016/j.jcv.2007.04.018
http://dx.doi.org/10.1371/journal.pone.0170550
http://dx.doi.org/10.1016/j.vaccine.2005.11.064
http://dx.doi.org/10.1053/jlts.2001.23010
http://dx.doi.org/10.1371/journal.pone.0048610
http://dx.doi.org/10.1111/j.1750-2659.2012.00424.x
http://dx.doi.org/10.1111/j.1750-2659.2012.00424.x
http://www.ncbi.nlm.nih.gov/pubmed/23285414
http://dx.doi.org/10.1002/(SICI)1096-9071(200005)61:1<85::AID-JMV14>3.0.CO;2-H
http://bmjopen.bmj.com/

	Effectiveness of influenza vaccines in adults with chronic liver disease: a systematic review and meta-analysis
	ABSTRACT
	Introduction﻿﻿
	Materials and methods
	Protocol and registration
	Eligibility criteria
	Information sources and search strategy
	Study selection
	Data collection process and data items
	Risk of bias in individual studies
	Summary measures and synthesis of results
	Additional analyses
	Risk of bias across the studies
	Patient and public involvement

	Results
	Discussion
	References


