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Abstract

Rationale: Vaccination is the most effective protection against
influenza. Patients with interstitial lung diseases (ILDs) represent
a high-risk group for influenza complications. Thus, yearly
influenza vaccination is recommended, but evidence on its effects
is sparse.

Objectives: This study aimed to compare all-cause mortality
and all-cause and respiratory-related hospitalization between
vaccinated and unvaccinated patients with ILD.

Methods: Using data from the largest German statutory health
insurance fund (about 27 million insurees in 2020), we analyzed
four influenza seasons from 2014-2015 to 2017-2018 and
compared vaccinated with unvaccinated patients with ILD.
Starting from September 1 of each year, we matched vaccinated
and unvaccinated patients in a 1:1 ratio using a rolling cohort
design. Mortality and hospitalization were compared with
Kaplan-Meier plots, and effects were calculated during the
influenza season (in season) with risk ratios.

Results: Both the vaccinated and the unvaccinated cohorts
included 7,503 patients in 2014-2015, 10,318 in 2015-2016,
12,723 in 2016-2017, and 13,927 in 2017-2018. Vaccination rates
were low at 43.2% in season 2014-2015 and decreased over time
to 39.9% in season 2017-2018. The risk ratios for all-cause
mortality were 0.79 (95% confidence interval [CI], 0.65-0.97;
P=0.02) in season 2014-2015, 0.66 (95% CI, 0.54-0.80;

P <0.001) in 2015-2016, 0.89 (95% CI, 0.76-1.04; P=0.15) in
2016-2017, and 0.95 (95% CI, 0.81-1.12; P=0.57) in 2017-2018.
The effects on all-cause hospitalization and respiratory-related
hospitalization were similar in all seasons.

Conclusions: Although an unequivocally beneficial impact of
influenza vaccination in patients with ILD could not be
demonstrated, we observed promising results regarding
avoidance of all-cause mortality in half of the seasons observed.
Given the low vaccination rates, further efforts are necessary to
improve vaccination rates in patients with ILD.
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Interstitial lung diseases (ILDs) comprise a
diverse group of pulmonary diseases
summarized on the basis of similar clinical,
physiologic, or pathologic characteristics and
characterized by high mortality (1, 2).
Influenza has a high public health relevance
and is associated with an increased risk of
hospitalization and death, especially in high-
risk groups based on their underlying health
conditions (3-5). Information on influenza
in patients with ILD is scarce. However, a
seasonality in hospitalizations and mortality
in ILD was reported, with peaks in the
winter, which might be related to the
influenza season (6, 7). The most effective
protection is vaccination (8). According to
the World Health Organization, all
individuals with chronic pulmonary diseases
should receive an influenza vaccination (8,
9). Therefore, yearly vaccination of patients
with ILD is highly recommended. However,
vaccination rates appear to be rather low
among patients with ILD. For example,
Mohr and colleagues reported vaccination
rates of less than 30% in a single-center study
in southeast Germany for the 2016-2017 to
2019-2020 seasons (10). Because evidence of
the impact of influenza vaccination on
individuals with ILD is clearly lacking, we
aimed to compare all-cause mortality as well
as all-cause and respiratory-related
hospitalization in influenza-vaccinated
versus -unvaccinated patients with ILD in
Germany.

Methods

Data Set and Sample Selection

We performed an epidemiological claims
data analysis with completely anonymized
statutory health insurance (SHI) data.
According to national guidelines on
secondary data analysis, ethical approval and
consent to participate is not required (11). In

Germany, health insurance is mandatory,
with approximately 87% of the resident
population being insured by statutory funds
(12). Access to membership in the SHI is
available to everyone, regardless of factors
such as professional affiliation, income, age,
or comorbidities (12). SHI is financed via
risk-independent, income-dependent
contributions and offers free access to a wide
range of services. Particularly for outpatient
physician care, no copayments are due,
whereas for in-hospital care, a flat rate of
€10/d is charged (12). The present analyses
refer to data from the largest German SHI
fund (Allgemeine Ortskrankenkasse [AOK]),
which insures approximately one-third of the
German resident population (13), and were
provided by the AOK Research Institute
(WIdO).

The initial data set contained all insured
adults with an International Classification of
Diseases, 10th Revision (ICD-10), diagnosis
of ILD, including idiopathic interstitial
pneumonia (J84.1), other fibrosing ILD
(J84.0, J84.8, J84.9, or D48.1), sarcoidosis
(D86.0-D86.9), drug-associated ILD
(J70.2-J70.4), pneumoconiosis (J62.0-J62.8
or J63.0-J63.8), radiation-associated
pneumonitis (J70.1), eosinophilic pneumonia
(782), hypersensitivity pneumonitis (J67.9),
and connective tissue—associated ILD (CTD)
(J99.1), from January 1, 2013, to December
31,2018.

To ensure the best possible
identification of patients with true ILD and,
therefore, to minimize the risk of false-
positive classifications, we used a previously
applied algorithm (14) (Figure 1).
Accordingly, we excluded individuals
without a confirmed outpatient diagnosis
(outpatient ICD diagnoses in Germany have
to be categorized as Z = condition after;

A = exclusion diagnosis; V = suspected
diagnosis; and G = confirmed diagnosis)
by a pulmonologist, an internal medicine

specialist, or a rheumatologist (the latter for
CTD only) or any inpatient diagnosis.
Furthermore, we omitted individuals who
did not have at least one relevant diagnostic
procedure (bronchoscopy, computed
tomography of the lungs, pulmonary
function testing, and assessment of
antibodies). Individuals with implausible ILD
diagnoses were also disregarded. First, this
group contained patients who received an
exclusion diagnosis of ILD after a confirmed
ILD diagnosis. Second, it included patients
either with radiation-associated pneumonitis
but without a diagnosis of malignancy or
with CTD but without a diagnosis of
autoimmune disease. Finally, we left out
patients assigned to different ILDs
simultaneously as well as individuals without
continuous enrollment with the AOK.

Influenza vaccination was identified via
codes from the physician’s fee scale
(Einheitlicher Bewertungsmafistab) in the
outpatient setting, because influenza
vaccination is only provided in outpatient
care and not in hospitals (see Table E1 in the
data supplement). The four influenza seasons
investigated included 2014-2015, 2015-2016,
2016-2017, and 2017-2018.

From among the identified patients
with ILD, we selected patients for each
influenza season separately because the
seasons were analyzed independently. The
German federal government agency for
disease control and prevention (Robert Koch
Institute [RKI]) suggests yearly vaccination
in October or November, but provision is
also feasible during an influenza wave (15).
Against this background, for each season, we
set the period between September 1 and
January 31 of the next year as the vaccination
season. Patients vaccinated outside this time
frame were excluded. To be eligible for
selection in a vaccination season, only
patients who had received their ILD
diagnosis before the beginning of the

Data availability statement: The authors confirm that the data used in this study cannot be made available in the manuscript, the supplemental
files, or in a public repository owing to German data protection laws (Bundesdatenschutzgesetz). Therefore, they are stored on a secure drive in
the Allgemeine Ortskrankenkasse Research Institute to facilitate replication of the results. Generally, access to data of statutory health insurance
funds for research purposes is possible only under the conditions defined in German Social Law (SGB V § 287). Requests for data access can be
sent as a formal proposal specifying the recipient and purpose of the data transfer to the appropriate data protection agency. Access to the data
used in this study can only be provided to external parties under the conditions of the cooperation contract of this research project and after
written approval by the health insurance. For assistance in obtaining access to the data, please contact wido@wido.bv.aok.de.

Correspondence and requests for reprints should be addressed to Pavo Marijic, M.S., Institute of Health Economics and Health Care
Management, Helmholtz Zentrum Miinchen — German Research Center for Environmental Health, Ingolstadter LandstraBe 1, Neuherberg 85764,
Germany. E-mail: pavo.marijic@helmholtz-muenchen.de.

This article has a data supplement, which is accessible from this issue’s table of contents at www.atsjournals.org.
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Individuals with ILD diagnosis from 2013-2018 excluded
N = 450,076
Diagnosis not confirmed by test
l N = 301,951
excluded

Diagnosis confirmed by test
N = 148,125

Inpatient or outpatient specialist diagnosis excluded
N = 101,350

l >

No specialist diagnosis
N = 46,775

Inconclusive diagnostic patterns

N = 6,858
Conclusive diagnostic patterns excluded
N = 94,492
| No continuous AOK enrolment from 2013-2018
l N=7,015

Meeting selection criteria between 2013-2018
N = 87,477

|
! | ! l

Season 2014/15 Season 2015/16 Season 2016/17 Season 2017/18

N =27,061 N = 36,484 N =44,917 N =51,943
Vaccinated | Unvaccinated Vaccinated | Unvaccinated Vaccinated Unvaccinated Vaccinated | Unvaccinated
N = 11,680 N = 15,381 N = 15,033 N =21,451 N = 18,483 N = 26,434 N = 20,732 N =31,211

A A A

1:1 Matched 1:1 Matched 1:1 Matched 1:1 Matched
Vaccinated | Unvaccinated Vaccinated | Unvaccinated Vaccinated | Unvaccinated Vaccinated | Unvaccinated
N =7,503 N =7,503 N =10,318 N =10,318 N =12,723 N =12,723 N = 13,927 N = 13,927

Figure 1. Participant flow of the study population. AOK = Allgemeine Ortskrankenkasse; ILD = interstitial lung disease.

respective season were considered. In
addition, we excluded patients with palliative
treatment, which was identified via
outpatient and inpatient treatment and
diagnosis (Table E1), during the 3 months
before the matching date. Such patients are at
high risk of experiencing adverse outcomes
but receive vaccination only if their state of
health allows it. Consequently, they would
increase a healthy vaccinee bias (16). Finally,
patients with missing data on matching
variables were excluded.

Matching Procedure and

Outcome Variables

We performed a day-specific exact matching
using a rolling cohort design (17). Starting
from the beginning of each season on
September 1, we matched patients receiving
influenza vaccination to patients without
vaccination in a 1:1 ratio. For each individual
patient, follow-up ended in case of an event
(hospitalization or death) or at the end of the
influenza season. Furthermore, both patients
of a matched pair were censored if the

previously unvaccinated control patient
received vaccination during the observation
period. With vaccination, the previously
unvaccinated control patients were included
in the treatment group on the day of
vaccination and thus eligible for matching.
Because influenza vaccination is only
provided in the outpatient setting,
hospitalized patients were not eligible for
matching during the hospital stay. After
discharge, they were considered again for
matching.

By using a rolling cohort study design,
our methodological approach enabled us to
partially overcome some weaknesses of
previous vaccination studies. More
specifically, because of the day-specific exact
matching of patients in the treatment and
control groups, covariates were exactly
balanced, which reduced biases such as
confounding by indication and the healthy
vaccinee bias (16). Furthermore, we were
able to take a prospective view of the data
and thus to account for the timing of the
vaccination (before or after an outcome) as

Marijic, Schwarzkopf, Maier, et al.: Influenza Vaccination in Patients with ILD

well as the occurrence of the outcomes
(within or outside the influenza season).
Finally, our methodological approach
enabled us to visualize outcomes by Kaplan-
Meier curves.

On the basis of preexisting literature
and clinical expertise, covariates included
in the matching process considered
categorized age in years (18-29, 30-39,
40-49, 50-59, 60-69, 70-79, 80-89, >90),
sex (male, female), German federal state,
ILD diagnosis, and Elixhauser comorbidity
score (18). The Elixhauser comorbidity
index includes a set of 31 comorbidity
categories, which were dummy coded. The
index was implemented using the ICD-10
coding algorithm of Quan and colleagues
(19). To avoid false-positive comorbidity
diagnosis, at least two confirmed outpatient
diagnoses in two separate quarters or one
primary inpatient diagnosis in the year
before matching were necessary. To avoid
double-counting for the categories of
hypertension (complicated and
uncomplicated), diabetes (complicated and
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uncomplicated), and cancer (solid tumor
without metastasis and metastasis cancer),
only the more severe category was
counted. The Elixhauser score per person
was built by summing up individual
comorbidities. Furthermore, we coded a
dummy for nursing home residency and
the need for nursing care according to
degrees of care, because these patients are
considered a highly vulnerable population
(20). Before 2017, need for nursing care
was operationalized by three and thereafter
by five degrees of care. The classification of
care is based on the need for assistance
with activities of daily living measured in
terms of time, with higher degrees
indicating a higher need for care (21). In
addition, we included information on
receipt of in or outpatient radiotherapy or
chemotherapy in the 3 months before
matching, because these variables

indicate severe conditions and therefore
are closely linked to short-term mortality.
Standardized mean differences were

used to assess group balancing, with
differences less than 0.1 indicating a good
balance (22).

All-cause mortality and all-cause as
well as respiratory-related hospitalization
were defined as outcomes for each season.
Respiratory-related hospitalizations
included all hospital stays with a primary
or secondary ICD-10 diagnosis of “acute
upper respiratory infections” (JO0-J06),
“influenza and pneumonia” (J09-J18), or
“other acute lower respiratory infections”
(J20-J22) or a primary ILD-specific
diagnosis.

Definition of Influenza Periods

For the analysis, the observation period was
divided into time intervals before
(preseason), during (in-season), and after
(postseason) the influenza season. The
periods varied for each season and were
defined on the basis of influenza surveillance
data from the RKI (23). The preseason
started on the day of matching and lasted
until the beginning of the influenza season.
This beginning was set at the time when
influenza viruses were described as being
detected continuously. The end of in-season
coincided with the beginning of postseason
and was set at Calendar Week 20 each year
(15). Each postseason lasted until August 31
because September 1 marks the beginning of
the vaccination period and, therewith, the
start of the next preseason. Exact dates for all
seasons are reported in Table E2.

Statistical Analysis

Each influenza season was analyzed
separately to capture potential differences
in the effects between the different
seasons. We visualized the overall
observation time for mortality and
hospitalization from matching until
August 31 of each season with Kaplan-
Meier curves. The association between
influenza vaccination and mortality as
well as hospitalization was estimated
during the influenza seasons (in-season
period) by risk ratios (RRs) with
bootstrapped 95% confidence intervals
(95% CIs) with 1,000 replications. Because
the effect of the vaccine is only gradually
building, the first 14 days after matching
were disregarded for the estimation.

Within a first sensitivity analysis, we
analyzed effects of vaccination for
preseason, in-season, and postseason to
check our results for residual confounding
(24). Here, vaccination should not have
any effect in pre- and postseason. The
impact of biases on the estimation of
effects of influenza vaccination in
observational studies has been described
before (16, 25, 26). The most important
biases are the healthy vaccinee bias and
confounding by indication. It is suspected
that a small subset of frail and terminally
ill patients induces the healthy vaccinee
bias (16), which we tried to control for by
excluding palliative patients.
Furthermore, we considered important
variables with high influence on the short-
term mortality, such as chemotherapy/
radiotherapy, nursing home residency,
and the patients’ degree of care. With
sensitivity analysis 1, however, we can
check whether residual confounding
nevertheless remains.

In a second sensitivity analysis, we
redefined the periods and set the beginning
of in-season at the time when 10% of the
specimens were classified as positive
according to the RKI influenza surveillance
data. The dates for all seasons are reported in
Table E1.

In addition to the main analysis, we
performed subgroup analyses for patients
with idiopathic interstitial pneumonia and
patients aged 60 years and older (data not
shown). No noteworthy differences between
the groups appeared compared with the
main analyses. All analyses were performed
at a significance level of 5% using R version
4.0.3 software (R Foundation for Statistical
Computing).

Marijic, Schwarzkopf, Maier, et al.: Influenza Vaccination in Patients with ILD

Results

Population Characteristics

Of the 450,076 patients in the initial data set,
87,477 individuals met the selection criteria
and were identified as patients having an ILD
(Figure 1). The vaccination coverage rate was
43.2% in season 2014-2015, 41.2% in
2015-2016, 41.2% in 2016-2017, and 39.9%
in 2017-2018. The season-specific
participant flow with detailed information on
exclusion characteristics, eligibility, and
matching is provided in Figures E1-E4.
Table 1 displays selected baseline
characteristics of the matched population for
each season. All other variables are presented
in Table E3. Here, we also included all
Elixhauser categories in dummy-coded
format to check for group differences.
Balance, indicated by standardized mean
differences less than 0.1, was achieved for all
variables in all seasons covered, including the
Elixhauser categories that were not included
in the matching procedure, suggesting
similar comorbidity burden in vaccinated
and unvaccinated patients.

Mortality

Kaplan-Meier curves for mortality from the
day of matching until August 31 of the
following year (Figure 2) were very similar in
the immediate time after the matching and
diverged later at different time points per
season. The mean follow-up times were

210 days in season 2014-2015, 216 days in
2015-2016, 213 days in 2016-2017, and

218 days in 2017-2018. The in-season RR
estimates for the effects of vaccination were
0.79 (95% CI, 0.65-0.97; P=0.02) in season
2014-2015, 0.66 (95% CI, 0.54-0.80;

P <0.001) in 2015-2016, 0.89 (95% CI,
0.76-1.04; P=0.15) in 2016-2017, and 0.95
(95% CI, 0.81-1.12; P=0.57) in 2017-2018.
More specifically, in-season mortality rates
per 100 person-years were 6.0 (95% CI,
5.1-7.0) for vaccinated patients and 7.5 (95%
CI, 6.6-8.7) for unvaccinated patients in
season 2014-2015, 4.8 (95% CI, 4.1-5.6) and
7.3 (95% CI, 6.5-8.3) in 2015-2016, 6.4 (95%
CI, 5.6-7.1) and 7.2 (95% CI, 6.4-8.0) in
2016-2017, and 5.3 (95% CI, 4.7-6.0) and 5.6
(95% CI, 5.0; 6.3) in 2017-2018.

Hospitalization

The course of the Kaplan-Meier curves for
all-cause (Figure E5) and respiratory-related
(Figure E6) hospitalizations was similar for
vaccinated and unvaccinated patients. The
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Figure 2. Kaplan-Meier curves for mortality comparison with 95% confidence intervals. Curves depict the whole period from matching until the
end of follow-up (maximum August 31). Colored areas represent 95% confidence intervals.

1484 AnnalsATS Volume 19 Number 9 | September 2022



ORIGINAL RESEARCH
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Figure 3. Sensitivity analyses for residual confounding by dividing the influenza season into periods of preseason, in-season, and postseason.
Horizontal bars represent 95% confidence intervals (Cls). Preseason extends from September 1 until continuous detection of influenza viruses;
in-season extends from continuous detection of influenza viruses until calendar week 20 of the following year; and postseason extends from
Calendar Week 20 until August 31.
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corresponding in-season RR estimates for
all-cause hospitalization were 0.99 (95% CI,
0.92-1.08; P=0.46) in season 2014-2015,
1.00 (95% CI, 0.94-1.06; P=0.99) in
2015-2016, 1.01 (95% CI, 0.96-1.07;
P=0.61) in 2016-2017, and 0.98 (95% CI,
0.93-1.04; P=0.34) in 2017-2018. The RR
estimates for respiratory-related
hospitalization were 0.93 (95% CI, 0.82-1.07;
P=0.31) in season 2014-2015, 0.92 (95% CI,
0.82-1.04; P=0.18) in 2015-2016, 0.99 (95%
CI, 0.89-1.11; P=0.91) in 2016-2017, and
0.99 (95% ClI, 0.89-1.09; P=0.78) in
2017-2018. The in-season hospitalization
rates per 100 person-years are included in
Table E4.

Sensitivity Analyses
The results of the first sensitivity analysis, in
which the influenza seasons were divided
into periods to check for residual
confounding, are presented in Figure 3 and
include the in-season estimates as a
comparison. An indication of bias only
appeared in the postseason estimate of
2017-2018 for respiratory-related
hospitalization. However, especially in
mortality analysis, the estimates were less
than 1 for three of the four seasons, which
might also indicate residual confounding.
The second sensitivity analysis, in which
we redefined the periods, yielded results
similar to the main analysis (see Table E6 and
Figure E7). An indication for residual
confounding appeared in the preseason
estimate for 2016-2017 in the mortality
analysis, for 2015-2016 in the all-cause
hospitalization analysis, and in the post-
season estimate for respiratory-related
hospitalization in 2017-2018.

Discussion

In our study, we describe for the first time a
comparison of patients with ILD receiving
influenza vaccination versus unvaccinated
patients for four different influenza seasons.
We found a protective effect of influenza
vaccination regarding mortality in seasons
2014-2015 and 2015-2016, which, however,
was not significant within the other two
seasons. In all seasons, all-cause and
respiratory-related hospitalizations did not
significantly differ between the vaccinated
and unvaccinated groups.

The vaccination coverage rate for
included patients with ILD was similar to
claims data-based estimates of vaccination
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rates for patients with other severe chronic
diseases, such as chronic obstructive
pulmonary disease (COPD), in Germany
approximately 40% (27). Also, the decline of
the vaccination rate observed over time
resembles the trends reported for other
chronic diseases (27). However, considering
the recommendation that all patients with
ILD should be vaccinated, the vaccination
rates are very low.

Analyses investigating effects of
influenza vaccination in patients with ILD
have not been published to date. Therefore,
we compare our results with studies
evaluating the effectiveness of influenza
vaccination in patients with COPD.
According to a Cochrane review published in
2018 and including six randomized
controlled trials (28), vaccinated patients
with COPD experience fewer exacerbations
than unvaccinated patients with COPD.
However, no effect on mortality rates or
hospitalizations was reported. Notably, the
most recent study included was published in
2004. A recent systematic review and meta-
analysis evaluating the effectiveness of
influenza vaccination in patients with COPD
with severe airflow limitation demonstrated a
significant reduction in exacerbations and a
tendency toward fewer hospitalizations, but
it also found no differences regarding
mortality (29). However, the included studies
were evaluated to be of low or very low
overall quality of evidence for the mortality
analysis. Certainly, a direct comparison of
our results with these studies is difficult
because clinical characteristics differ between
patients with ILD and patients with COPD.
Nevertheless, viral infections might be
associated with acute exacerbations in
patients with ILD, especially in patients with
idiopathic pulmonary fibrosis (30), and thus
influenza should be prevented. An increased
risk of death for patients with ILD was also
recently reported for coronavirus disease
(COVID-19) (31). In addition, patients with
ILD in our sample had, on average, four
Elixhauser comorbidities, including
particularly a high prevalence of
cardiovascular diseases and diabetes, which
themselves represent risk factors for
hospitalization and death after influenza
infection.

Mortality analysis unveiled that group
differences do not appear immediately after
vaccination. This is plausible because
immunity is gradually building within the
first 14 days after vaccination. To check our
results for residual confounding in a

sensitivity analysis, we evaluated the effects of
vaccination outside the influenza season,
when no effect should be present (26).
Although there were almost no significant
effects in the pre- and postseasons, the point
estimates were less than 1 for almost all
seasons. Therefore, residual confounding
might have remained. However, residual
confounding appeared to be higher in those
seasons in which no significant effect of the
vaccination could be detected. Even though
some confounding might remain, we are
convinced that the study design is well suited
for the evaluation of the vaccination
effectiveness, because it is possible to take a
prospective view of the data, adjust
appropriately for possible confounders, and
check the results for residual confounding.

Furthermore, we revealed differences
between vaccination seasons, with significant
in-season estimates for mortality in
2014-2015 and 2015-2016. Although not
significant, the point estimates for
respiratory-related hospitalizations were also
lower in 2014-2015 and 2015-2016 than in
the other seasons, which also indicates
differences for these seasons. The population
investigated varied slightly between the
seasons, because the selection criteria led to
an increasing number of patients over time.

Considering excess mortality, the season
2017-2018 was reported to be the worst
influenza season since the start of RKI
surveillance in 2001. In 2017-2018, the
trivalent influenza vaccine did not contain
the influenza B/Yamagata lineage, which was
the most prevalent in this season (32). The
quadrivalent vaccine contained the Yamagata
lineage. However, we are not able to identify
in our data whether the patient received a
trivalent or quadrivalent vaccine. The
quadrivalent vaccine has been recommended
by the German Standing Committee on
Vaccination since the 2018-2019 season (33).
Therefore, this might be a possible
explanation for the missing effects of the
vaccine in the season 2017-2018. However, it
does not explain the missing effects in the
season 2016-2017. Here the most prevalent
type was influenza A (H3N2), which is
included in the trivalent vaccine (32). The
seasons 2014-2015 and 2016-2017 also had a
relatively high excess hospitalization and
mortality, whereas the season 2015-2016 was
mild in comparison. The season 2015-2016
had the highest vaccination effects in our
study. Nevertheless, with our study, we are
not able to conclude that this season was
mild because of the high impact of the
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vaccine, because our analysis focuses only on
patients with ILD. In addition, influenza
vaccination is usually seen as a public health
intervention with beneficial effects at the
population level rather than at the individual
level. Especially, low community prevalence
of influenza and a high vaccination rate in
the immediate vicinity of the included
patients might result in a protective effect
also for those without vaccination. This
might lead to an underestimation of the
positive external effects of influenza
vaccination.

Limitations

Our study has several limitations. First,
although we used strict selection criteria
for the inclusion of patients with ILD,
some misidentification cannot be ruled out.
However, this uncertainty is present in
both groups. Second, we used 1:1 matching
in a rolling cohort design to adjust for
confounding. Nonetheless, residual
confounding might remain, especially
because of the healthy vaccinee bias as
discussed above. In this context, clinical
information that could be used to further
minimize the bias is missing in claims
databases. Particularly, the forced vital

capacity or the diffusing capacity of the
lung for carbon monoxide, which are
associated with mortality, would have been
important parameters to assess disease
severity. Third, the definition of
respiratory-related hospitalizations might
overestimate the occurrence of influenza-
caused infections. Infection-related
hospitalization in patients with ILD might
often be coded as ILD specific, not as
influenza specific. Fourth, in some German
regions, there are selective contracts that
result in different coding of influenza
vaccination in the physician’s fee scale
(Einheitlicher Bewertungsmaf3stab). These
specific codes could not be accounted for.
However, considering the regional
restriction and the vaccination coverage
rate, this impact should be very small.
Fifth, because of the matching approach,
approximately 25% of the vaccinated
patients could not be matched despite
their eligibility, which reduces to some
degree the transferability of our findings

to populations with different characteristics.

Our study also has various strengths. It
is the first study investigating the effects of
influenza vaccination in patients with ILD,
which represent an extremely vulnerable

group for which respiratory infections
should be avoided. Because of the rarity of
ILDs, our large data set covering a
considerable part of the German population
serves as an asset. With our study design, we
tried to alleviate important biases that appear
in vaccination studies, and our approach
might be promising for further studies.

Conclusions

The impact of influenza vaccination has
varied across the four seasons investigated,
with some years showing very promising
results for all-cause mortality. Although not
significant, the risk of hospitalization was
also lower in vaccinated patients for those
seasons, which underlines the clinical
relevance of vaccination. Although group
differences appeared only after some time
rather than immediately after the vaccination
and the sensitivity analysis showed no
significant off-season effects for most
outcomes, our results should be interpreted
with caution because residual confounding
may remain. [l

Author disclosures are available with the
text of this article at www.atsjournals.org.
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