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ARTICLE INFO ABSTRACT

Keywords: Aim: To study the hypothesis that COPD patients who do not achieve seroprotective levels after influenza
Influenza vaccination vaccination, are a less immune-competent group with a higher risk of morbidity and mortality.

COPD Methods: 578 patients included in the COMIC cohort had pre- and post-vaccination stable state blood samples in
Survival hich infl . ifi ibodi o . £ .
Mortality which influenza-vaccine specific antibodies were measured. Post-vaccination titers of >40 were considered
mmune reaction protective and indicative of being immuno-competent. Primary outcome was all-cause mortality. Morbidity was
Hospitalization defined as time till first severe acute exacerbation in COPD (severe AECOPD) and time till first community ac-
Pneumonia quired pneumonia (CAP).

Results: 42% of the patients achieved seroprotective levels to both HIN1 and H3N2 after vaccination. Seropro-
tective levels to H3N2 were markedly higher (96%) than to H1IN1(43%). Having seroprotective levels to both
H1N1 and H3N2 was not associated with less morbidity (severe AECOPD HR 0.91 (95% 0.66-1.25; p = 0.564)
(CAP HR 1.23 (95% 0.75-2.00; p = 0.412)) or lower mortality (HR 1.10(95% 0.87-1.38; p = 0.433)).
Conclusion: In a large well-characterized COPD cohort only the minority of patients achieved seroprotective titers
to HIN1 and H3N1 after the yearly influenza vaccination. While achieving seroprotection after vaccination can
be considered a surrogate marker of being immunocompetent, this was not associated with lower morbidity and
mortality. Whether this means that the immune status is not a relevant pheno/endotype in COPD patients for the
course of their disease or that seroprotection is not an adequate (surrogate) marker to define the immune status
in COPD needs to be further studied.

multiple factors involved in its course.
Although several multi-component prognostic indices are available,

1. Introduction

Since COPD is a major burden of morbidity and mortality, the
assessment of prognostic factors to determine the probability of (the
time-to) death and other clinically relevant outcomes such as risk of
exacerbations, pneumonia and accelerated lung function decline is a
topic of major interest. Our understanding of COPD is shifting to a
personalized approach in which we have a better appreciation of the

they still lack in accuracy. One of the indices is the 2019 revised GOLD
classification that assesses COPD patients using three different domains:
severity of airflow limitation (spirometric grade), its impact on dyspnea
(mMRC) or symptoms (CAT), and their history of moderate and severe
exacerbations (including prior hospitalization) [1]. Well known multi-
dimensional tools are the BODE-index (based on the body mass index
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(BMI), airflow Obstruction (FEV;), Dyspnea (mMRC), and 6-min-walk
distance(6MWD) [2], and the ADO index (which combines age, mMRC
and FEV;) [3]. Both are internationally validated and updated [3].

None of these multi-component prognostic indices, however, ad-
dresses the systemic aspect of COPD. Although multiple biomarkers
have shown some promise in predicting risk of morbidity and mortality,
(e.g. CC16, SP-D, IL-6 [4], hsCRP [5], sRAGE [6], fibrinogen [7] and
MR-proADM [8]), not all biomarkers remain prognostic when studied in
validation cohorts [9]. More importantly, their prediction of major
outcomes (morbidity, mortality) remains rather poor.

An aspect that is under-exposed in COPD is the status of the immune
system. The immune system, both the humoral and cellular response, is
vitally important to protect against pathogens, without overshoot or
immune deviation. However, COPD is often associated with bacterial
colonization of the airways and severe bacterial and viral infections
[10]. This suggests an impairment of the immune system, either innate,
acquired, or both. Specific immune deviations in COPD have been sug-
gested previously [11]. Since mortality in COPD is related to acute and
severe exacerbations, when patients are hospitalized, and since roughly
one third of these exacerbations is associated with bacterial and one
third with viral infections [12], it is attractive to postulate a direct link
between increased morbidity and mortality and impaired immune re-
sponses. However, it is difficult to assess these immune responses in
individual patients and over repeated exacerbations due to the variety of
triggers that cause these exacerbations. A more standardized trigger to
assess immune-competence is the annual influenza vaccination as rec-
ommended to COPD patients in the international guidelines. Influenza
vaccinations can reduce the incidence and severity of lower respiratory
tract infections and is associated with reduced later AECOPD risk
including hospitalizations [13-15]. However, it is unclear whether it
leads to a survival benefit [13,14]. Parpaleix et al. showed that both the
humoral and the cellular responses to influenza vaccination were
impaired in patients with COPD [16]. Also Nath et al. observed that the
humoral immune response to the 2010 influenza vaccine was lower in
persons with COPD compared to non-COPD controls [17]. Both studies
were very small (n = 15 and n = 34) and did not report an association
with disease outcome.

Seroconversion to the seasonal influenza vaccination is difficult to
interpret in COPD patients since pre-vaccination antibody titers can be
elevated because of previous vaccinations and/or influenza infections
[17,18]. Seroprotection is another method to determine vaccination
effectiveness. Eagan et al. showed varying percentages of COPD patients
with protective titers (>40). Furthermore, they showed that having high
titers at baseline did not impact later risk for exacerbations, but seemed
to be associated with higher all-cause mortality, even after adjustment
for COPD disease characteristics. The authors themselves already indi-
cated some methodological issues, one being the use of self-reported
vaccination status as a proxy for actual vaccination. Furthermore, ac-
curate data on the time of vaccination were lacking, while it is preferred
to measure antibody titers before and after vaccination at fixed time
intervals [18].

In the COMIC cohort, a large well-characterized COPD cohort [8,
19-25] in which patients received the influenza vaccination yearly
through their GP, we were able to check the actual date of vaccination.
By this we could measure antibody titers before and after vaccination at
fixed time intervals. We investigated the humoral response to the
influenza vaccination, to study our hypothesis that COPD patients who
do not achieve seroprotective levels after influenza vaccination reflect a
less immune-competent group and have a higher risk of morbidity,
defined as time to first severe AECOPD and time to first CAP, and
mortality.
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Table 1
Composition of the seasonal influenza vaccines 2006-2011°.
Year viruses
2006-2007 — an A/New Caledonia/20/99(H1N1)-like virus

— an A/Wisconsin/67/2005 (H3N2)-like virus
— a B/Malaysia/2506/2004-like virus
2007-2008 — an A/Solomon Islands/3/2006 (H1N1)-like virus
— an A/Wisconsin/67/2005 (H3N2)-like virus
— a B/Malaysia/2506/2004-like virus
2008-2009 — an A/Brisbane/59/2007 (H1N1)-like virus
— an A/Brisbane/10/2007 (H3N2)-like virus
— a B/Florida/4/2006-like virus
2009-2010 — an A/Brisbane/59/2007 (H1N1)-like virus
— an A/Brisbane/10/2007 (H3N2)-like virus
— a B/Brisbane/60,/2008-like virus
2010-2011 — an A/California/7/2009 (H1N1)-like virus
— an A/Perth/16/2009 (H3N2)-like virus
— a B/Brisbane/60/2008-like virus

% As recommended by the World Health Organization.
2. Methods
2.1. Setting and study population

The COMIC study (Cohort of Mortality and Inflammation in COPD) is
a single center cohort study from Enschede, the Netherlands. From
December 2005 till April 2010, 795 patients were included. All patients
were followed-up for at least three years.

Patients included in the COMIC study had to meet the following
criteria; a) a clinical diagnosis of COPD according to the GOLD guide-
lines; b) current or former smoker; c) age >40 years; d) no medical
condition compromising survival within the follow-up period or serious
psychiatric morbidity; e) absence of any other active lung disease (e.g.
sarcoidosis); f) no maintenance therapy with antibiotics; g) ability to
communicate in Dutch. Patients were enrolled when hospitalized for an
acute exacerbation of COPD (AECOPD group) or when visiting the
outpatient clinic in stable state (stable state group). To be included in the
AECOPD group, patients had to be hospitalized for an AECOPD and be
able to produce an adequate sputum sample at the day of hospitaliza-
tion. To be included in the stable state group patients had to meet the
following criteria: no use of an antibiotic and/or prednisolone 4 weeks
prior to enrolment and no exacerbation less than 4 weeks before study
entry.

The study was approved by the Medical Ethics Committee Twente in
2005 (study number P05-49) and was conducted according to the
principles of the Declaration of Helsinki. All patients provided written
informed consent.

2.2. Influenza vaccination

Patients received their annual influenza vaccination through their
GP. The compositions of the influenza vaccination were all based on the
WHO recommendation [26] and are shown in Table 1.

2.3. Antibody response

Influenza-vaccine specific antibodies were measured with the hem-
agglutination inhibition (HAI) assay [27-29], performed on blood
samples collected in a stable state pre-vaccination serum sample in the
preceding month(s) or week(s) and a post-vaccination serum sample
obtained 4-6 weeks after vaccination. Post-vaccination titers reaching
an antibody titer of 40 or above were considered indicative of being
immunized, either by vaccination or infection (i.e. protective titers)
[30]. Patients were divided into two groups based on their
post-vaccination titers. Patients were considered to be more
immune-competent if they had a protective titer (>40) to both HIN1
and H3N2 and less immune-competent if they had no or only one



M. Brusse-Keizer et al.

1503 patients screened for
eligibilty

795 patients included in the
COMIC study

578 patients included in the
current analysis
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708 patients excluded
— Not willing to particpate (n=221)
— No COPD(n=121)
— Noreason provided (n=107)

—  Psychiatricillness/dementia (n=53)
— Died before Informed Consent (n=40)
— No sputum (n=38)

— Tooill to participate (n=36)

— Antibiotic maintenance treatment (n=29)
—  Never smokers (n=25)

— Noinfluenzavaccination (n=12)

— Otherreasons (n=26)

217 patients excluded
No pre- and/or post-vaccination blood sample
in stable state to both HIN1 and H3N2

Fig. 1. Flowchart patient inclusion.

protective titer to HIN1 and H3N2.
2.4. Outcomes

The primary outcome parameter was survival, based on all-cause
mortality. Date of death was verified from public registries.

Morbidity was defined as both time till first hospitalization for an
acute exacerbation in COPD (severe AECOPD) and as time till first
community acquired pneumonia (CAP).

AECOPD was defined as an acute negative change from baseline,
reported by the patient, in dyspnea and/or sputum volume and/or color
of sputum (yellowish or greenish sputum) and/or cough, which war-
ranted additional treatment with prednisolone with or without antibi-
otics by a physician in a patient with underlying COPD [31]. Pneumonia
was defined as an acute respiratory tract illness associated with radio-
graphic shadowing on a chest radiograph consistent with infection
which was neither pre-existing nor of any other known cause [32]. All
X-rays were double read by a radiologist and a pulmonary physician. In
case of doubtful shadows in the report, the X-ray was presented to
another independent pulmonary physician for final judgment.

Demographic data was collected from medical records. Spirometry
was performed by trained lung function technicians according to the
American Thoracic Society guidelines [33]. Smoking status was deter-
mined by the Vlagtwedde questionnaire and pack-years were calculated
[34]. Data on common co-morbidities like myocardial infarction,
congestive heart failure and diabetes mellitus were obtained from
medical records and/or during study visits. Number of previous mod-
erate AECOPD in the year preceding inclusion was determined based on
prescribed prednisolone courses as retrieved from pharmacy data. Pre-
vious severe AECOPD was defined as an hospitalization in the year
preceding inclusion and was retrieved from hospital records. Patients
completed the modified Medical Research Council dyspnea question-
naire (mMRC) [35] and the Clinical COPD Questionnaire (CCQ) [36]
The BOD comprises BODE without the exercise capacity measurement.
The components were scored according to the same cut-offs as in BODE
[2]. The BOD therefore ranges from 0 to 7. The ADO score ranges, in
increasing severity, from 0 to 10 [37]. All measurements were per-
formed in stable state.

2.5. Sample size calculation

A predefined hazard ratio of 2.0 was assumed and a median survival
time of the less immune-competent group of 60 months was estimated
based on mortality data of Groenewegen et al. [38] and Almagro et al.
[39]. Groenewegen et al. showed that 1 year after hospital admission
approximately 22% of patients had died. According to Almagro et al.,
36% had died after 24 months of follow-up. Since a reasonable amount
of patients in the COMIC cohort will be included at admission to the
hospital, we assumed a conservative median survival time of 60 months.
We also estimated the proportion of less immune-competent patients to
be 10%. With an inclusion period of 60 months, a minimal follow up of
24 months, an alpha of 0.05 and a power of 0.8, in total 600 patients
needed to be included.

2.6. Statistical analyses

Continuous variables are expressed as mean with standard deviation
(SD) or median with interquartile range (IQR); categorical variables as
counts with corresponding percentages.

Time to death, time till first hospitalization for AECOPD and time till
first pneumonia were analyzed by Kaplan-Meier survival curves. Uni-
variate and multivariate Cox proportional hazard regression models
were used to establish the relationship between the humoral response to
the influenza vaccination on the one hand, and time to all-cause death,
time till first hospitalization for AECOPD, and time till first pneumonia
on the other hand. In the multivariate Cox proportional hazard regres-
sion models potential confounders were taken into account based on a
stepwise backward method. Potential confounders were baseline char-
acteristic that were associated with both the humoral response and the
outcome variable of interest (both p < 0.10).

All tests were two-sided and a p-value of 0-05 or lower was consid-
ered statistically significant. Data were analyzed using SPSS, version 25
(SPSS Inc. Chicago IL).

3. Results

Of the 795 included patients in the COMIC cohort, 578 patients had
both a pre- and post-vaccination blood sample and could be included in
the current analysis on the humoral response to the influenza vaccina-
tion (see flowchart in Fig. 1). Table 2 shows the baseline characteristics
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Table 2

Baseline characteristics of the 578 patients, including the differences in baseline
characteristics in patients with and without a protective antibody titer to both
H1N1 and H3N2.

Characteristic Post-vaccination titer
Total group <40 to both >40 to both p
N =578 H1N1 and H3N2 HIN1 and
or to one of them H3N2 (n =
(n=334) 244)
Mean age (SD) 67.1 (9.1) 66.3 (9.2) 68.1 (8.9) .019
Sex, male, N (%) 348 (60.2) 193(57.8) 155 (63.5) .164
Smoker, N (%) .814
Current smoker 144 (24.9) 82(24.6) 62(25.4)
Ex-smoker 434 (75.1) 252 (75.4) 182(74.6)
Mean BMI (SD)* 27.6 (5.4) 27.5(5.0) 27.8 (5.8) 429
Median Pack- 35.0 34.1(21.9-48.4) 37.0 282
years (IQR) ” (22.0-50.0) (22.0-53.1)
Mean lung
function (SD)“
FEV; in 1 1.5 (0.6) 1.52 (0.65) 1.40 (0.56) .018
FEV,% predicted 54.0 (18.9) 55.0 (19.3) 52.6 (18.4) 127
FEV;/VC ratio 44.9 (13.9) 45.4(13.4) 44.2 (13.3) 297
GOLD (2007), N .823
(%)°
- 320 (55.5) 186 (55.9) 134 (54.9)
1I-IV 257 (44.5) 147 (44.1) 110 (45.1)
Previous 694
moderate
AECOPD, N(%)“
0-1 AECOPD 365 (63.1) 213 (68.3) 152 (66.7)
>2 AECOPD 175 (30.3) 99 (31.7) 76 (33.3)
Previous severe 74 (12.8) 46 (13.8) 28(11.5) 414
AECOPD, N (%)
>1 severe
AECOPD
ICS use, yes, N 492 (85.1) 279 (83.5) 213 (87.3) .209
(%)
Mean mMRC 1.7 (1.3) 1.60 (1.21) 1.81(1.31) .045
(SD)*
Comorbidities, N
(%)
Heart failure 98 (17.0) 53 (15.9) 45 (18.4) 415
Diabetes Mellitus 38 (6.6) 25(7.5) 13(5.3) .301
Myocardial 24 (4.2) 9(2.7) 15(6.1) .040
Infarction
Mean CCQ score 1.7 (1.0) 1.67 (0.98) 1.82 (0.99) .083
(sp)’
Mean ADO score 4.0 (1.8) 3.85(1.75) 4.32 (1.76) .002
(SD)?
Mean BOD score 2.4Q1.7) 2.24 (1.67) 2.46 (1.78) 135
(SD)#

8 BOD score is missing of resp. 23, 15 and 8 patients in the total, <40 and > 40
group.
Abbreviations: SD: standard deviation, N: number, IQR: interquartile range,
BMI: body mass index, FEV;: Forced expiratory volume in 1 s, nMRC: modified
Medical Research Council dyspnea questionnaire, CCQ: Clinical COPD Ques-
tionnaire, ADO: age dyspnea, airflow obstruction, BOD: BMI, airflow obstruc-
tion, dyspnea.

@ BMI missing of resp. 11, 9 and 2 patients in the total, <40 and > 40 group.

b pack-years is missing of resp. 35, 25 and 10 patients in the total, <40 and >
40 group.

¢ Lung function and GOLD is missing of resp.1 patient in the total and <40
group.

4 previous AECOPD is missing of resp. 38, 22 and 16 patients in the total, <40
and > 40 group.

¢ mMRC is missing of resp. 12, 6 and 6 patients in the total, <40 and > 40
group.

fceQis missing of resp. 4, 2 and 2 patients in the total, <40 and > 40 group.

& ADO is missing of resp. 13, 7 and 6 patients in the total, <40 and > 40 group.

of the 578 patients.

The percentage of patients with a protective antibody titer to HIN1
and H3N2 itself, to either HIN1 or H3N2, and to both HIN1 and H3N2 is
displayed in Table 3. Most patients had a protective titer to H3N2, while
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Table 3
Percentage of patients with a protective antibody titer to HIN1 and H3N2.

Antibody titer HIN1 H3N2 HIN1 and H3N2

>40, n (%) 250 (43.3) 555 (96.0) 244 (42.2)

more than half of the patients did not have a protective titer to HIN1.

Comparison of the pre- and post-vaccination antibody titers to HIN1
(Table 4a) and H3N2 (Table 4b), shows that also prevaccination titers to
H3N2 (in 94.5% of patients) were more often > 40 than prevaccination
titers to HIN1 (in 40.1% of patients).

Baseline differences in patients with and without a protective anti-
body titer to both HIN1 and H3N2.

Patients with protective titers to both HIN1 and H3N2 were some-
what older, had a worse lung function and a higher mMRC and ADO
score (see Table 2).

3.1. Mortality

Patients with a protective response to both HIN1 and H3N2 had 1.26
times higher risk of dying than patients with either one or no protective
titer to HIN1 and H3N2 (HR 1.26; 95%CI 1.01-1.58; p = 0.043), see also
Fig. 2. After correction for the confounders BOD, CCQ total score and age
the corrected HR was no longer significant (HR 1.10(95% 0.87-1.38; p
= 0.433).

3.2. Morbidity

There was no difference in time till first hospitalization between
patients with a protective titer to both HIN1 and H3N2 vs patient with
no or only one protective titer to HIN1 and H3N2(Fig. 3; p = 0.53, HR
1.11 (95% 0.81-1.52)). After correction for the confounders age, FEV;
in liters, myocardial infarction, CCQ total score the corrected HR was
0.91 (95% 0.66-1.25; p = 0.564).

Neither was there a difference in time to first pneumonia between
patients with a protective titer to both HIN1 and H3N2 vs patient with
no or only one protective titer to HIN1 and H3N2 (Fig. 4; HR 1.45 (95%
0.89-2.35) p = 0.135). After correction for the confounders age, FEV; in
liters, myocardial infarction, mMRC and CCQ total score the corrected
HR was 1.23 (95% 0.75-2.00; p = 0.412).

4. Discussion

The main outcome of our study is that 42% of the patients achieved
seroprotective levels to both HIN1 and H3N2 after the influenza
vaccination. The seroprotective levels to H3N2 were markedly higher
(96%) than the seroprotective levels to HIN1(43%). Having seropro-
tective levels to both HIN1 and H3N2 was not associated with less
morbidity or lower mortality compared to having no seroprotective
levels or only seroprotective levels to either HIN1 or H3N2.

The yearly influenza vaccination has been recommended for a long
time in the annual GOLD-report and different international guidelines.
As concluded in the Cochrane review by Kosaftis et al. [40] and recently
in a retrospective analyses [15] influenza vaccination in COPD patients
lead to lower risk of AECOPD. Acquiring an adequate immune-response
to vaccinations is essential for achieving this favorable outcome [41].
Our study however reveals that for COPD patients having seroprotective
levels, as a surrogate marker for an adequate acquired immune-response
after this annual vaccination, or not is apparently not a major factor to
be taken into account for achieving this favorable outcome. Further-
more, in the ongoing discussion whether the annual vaccination leads to
better survival as well, our hypothesis that this may be true for the pa-
tients being able to achieve seroprotective levels could not be demon-
strated with this study. These are surprising but relevant outcomes.

Because COPD patients often experience recurrent bacterial and viral
infections, it has been proposed that they may be relatively immune-
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Table 4a
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the change in absolute pre- and post-vaccination antibody titers to HIN1 per patient.

Post-vaccination titer

1 8 16 32 64 128 256 512 1024 Total
Pre-vaccination titer 1 30 13 5 6 - - - - - 54
2 11 18 4 2 1 - - - 38
16 5 5 50 31 11 2 - - - 104
32 2 1 12 93 37 2 1 - - 148
64 2 1 5 26 82 14 2 - - 132
128 - - 2 4 12 32 6 1 - 57
256 - - - - 1 2 30 2 - 35
512 - - - - - - 3 6 - 9
1024 - - - - - - - 1 - 1
Total 41 31 92 164 145 53 42 10 0 578
Table 4b
the change in absolute pre- and post-vaccination antibody titers to H3N2 per patient.
Post-vaccination titer
1 8 16 32 64 128 256 512 1024 Total
Pre-vaccination titer 1 - - - - - - - - 0
8 - - - - - - 1
16 - - - - 1 - - - 1
32 - - - 20 4 1 - 30
64 - - - 2 100 4 4 2 1 113
128 - - - - 14 77 18 6 8 123
256 - - - - - 13 50 43 10 116
512 - - - - - 1 16 58 38 113
1024 - - - - 1 - 3 18 59 81
Total 0 1 0 22 120 96 95 129 116 578
10 Post-vaccination
' antibodytiter HIN1
and H3N2
—I"10ne or both titers <40
—IBoth titers >=40
08 —+—censored
— —+—censored
©
2
4
S
»n 06
c
2
€
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o
g 04
£
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o
0,2
0,0
,00 20,00 40,00 60,00 80,00 100,00 120,00

Time to death (months)

Fig. 2. Kaplan-Meier survival curve for patients with a protective titer to both HIN1 and H3N2 vs patient with no or only one protective titer to HIN1 and H3N2.

deficient compared to healthy persons, and as such may be less able to
mount an effective immune response to vaccination. It is well estab-
lished that the immunogenicity of influenza vaccine is lower in healthy
elderly people than in healthy younger people [42]. However, only little
information is available on the extent to which the influenza vaccination
can induce an adequate adaptive immune response in COPD. There are
indications that the immune response to influenza vaccination in COPD
patients is impaired and therefore previous studies suggested adaptation
of the influenza vaccination formulations for (subgroups) of patients
with chronic (pulmonary) diseases because of this impaired immune

response [16-18]. Although the COPD population is a somewhat older
population in which the percentage of people with seroprotective titers
is already somewhat lower (around 60%) [27], this percentage is still
not comparable to the observed percentage of patients with seropro-
tective titers in the current cohort. Since almost 60% of our patients did
not achieve seroprotective titers, adaptation or boosting of this vacci-
nation might seem obvious for further studies [43]. However, our results
show that the achieved levels of antibody post vaccination is not asso-
ciated with relevant outcome parameters in COPD. Also in the Bergen
COPD Cohort Study, seroprotective titers did not impact later risk for
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Fig. 3. Kaplan-Meier curve for a)time till first hospitalization for an AECOPD for patients with a protective titer to both HIN1 and H3N2 vs patient with no or only

one protective titer to HIN1 and H3N2.

1,0

0,8

0,6

0,4

0,2

Cum proportion of patients without a first pneumonia

0,0

Post
vaccination
antibodytiter
H1N1
—I71<40
_M>=40
—+—censored
—t+—censored

,00 10,00 20,00

30,00 40,00

Time to first pneumonia (months)

Fig. 4. Kaplan-Meier curve for time till first pneumonia for patients with either an protective titer to both HIN1 and H3N2 vs patient with no or only one protective

titer to HIN1 and H3N2.

AECOPD, but this study was in patients with self-reported influenza
vaccination. Furthermore, those researchers used a baseline influenza
titer that could be determined at any moment in the year [18]. In our
study, the antibody titers were determined in patients at fixed time in-
tervals in which actual date of vaccination was checked at their GP, and
yet we observed similar results.

With our study we used seroprotection as a marker to distinguish
within our COPD population a more immune-competent group vs. a less
immune-competent group. Indeed we found different baseline patient
characteristics that were associated with achieving seroprotection.

Patients with protective titers to both HIN1 and H3N2 were somewhat
older, had a worse lung function and a higher mMRC and ADO score.
Seroprotection status, as determined by the international accepted cut-
off values, was however not associated with outcome. We have to
keep in mind that there is no gold standard test to define a person’s
immune status, and achieving seroprotection is only a surrogate marker,
which may only inform us for a small part of the complexity of our
immune system as a whole. Besides, various other factors are known to
be associated with the immune system and its competence such as
nutritional status, use of immunosuppressive medication and (hemato-)
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oncological disease. Unfortunately, data on nutritional status are lacking
in our study, patients were however not allowed to use additional
immunosuppressive medication and have another medical condition
compromising survival. For many vaccines and diseases the true corre-
lates of protection have not been established, despite the fact that
threshold antibody levels have been defined. For influenza, as for
COVID-19 and other infections, next to attained antibody levels, T cell
immunity and B cell memory do ultimately contribute to protection
against the disease.

Another possible explanation why higher seroprotective levels did
not lead to better outcome could be the ‘original antigenic sin’, whereby
immunological memory from prior (influenza) vaccinations prevents the
immune system from mounting an effective response to subsequent
vaccine strains of the influenza virus [44]. Imprinting of the specific
molecular image of a given protein antigen into immunological memory
is one of the hallmarks of immunity and the underlying principle for
vaccination. A later contact with the same, for example in the form of a
second contact with the virus, would trigger specific memory B- and
T-lymphocytes and would result in a faster, higher and better immune
response. In case the virus is mutated and one or more surface protein
are changed, the memory cells would not be triggered. In case the spe-
cific memory cells would be triggered, resulting antibodies may be able
to bind to the surface proteins, but not lead to virus neutralization. In
that case those antibodies could block and render the response ineffec-
tive, a phenomenon termed the ‘original antigenic sin’ [45]. It is possible
that the influenza virus can use this aspect of the original antigenic sin as
a potential way of escaping from the host’s immune system [46].

A remarkable finding in our study is that we observed a large dif-
ference in the humoral response between HIN1 and H3N2, with higher
post-vaccination titers of H3N2. This could possibly be explained by the
finding of Nath et al. who observed lower responses in those who had
received the same influenza vaccine in the past [17]. In our cohort the
H1N1 virus, that was used for the development of the vaccine and that
was provided at the start of our cohort, when the majority of the patients
were included, was similar to the virus included in the vaccines in the
previous years. This was not the case for the H3N2 virus. However, we
would then also expect a higher pre-vaccination titer to HIN1 compared
to the pre-vaccination response to H3N2 and this was not the case.

Limitations of the current study include that the patients in our
cohort were more severe, due to including a large number of patients
during a severe COPD exacerbation, which limits the generalization to
the more mild COPD patients. Another factor that could influence the
results is the use of inhaled corticosteroids (ICS). Nath et al. showed that
absolute post-vaccination titers were significantly lower in persons using
ICS. While this might be explained by the systemic absorption of ICS, it is
also feasible that use of ICS may be simply a marker of COPD severity
[17]. In the current cohort we could not study this finding for ICS use,
since almost all patients in our cohort were on ICS (>80%). Therapy
adherence to ICS in our overall COMIC cohort was dependent on the
type of medication prescribed, inhalation device and several
disease-specific and quality of life factors [22,23,25]. The overall
adherence to the different ICS prescribed in our study was optimal
(>75-<125%) in 59% of patients, sub-optimal >50-<75% in 17%, poor
(<50%) in 10% and we observed overuse (>125%) to ICS medications in
14%. Due to the small number of patient with a low exposure to ICS, we
were not able to perform any subgroup analyses on ICS dosage. Based on
the sample size calculation we needed 600 patients for this study, and
although we included 795 patients within the cohort, for the current
analyses we could only include 578 patients. This small difference in
sample size does by no means lower the power far enough to explain the
non-significant p-values.

We should also keep in mind that we have measured the response to
vaccination when they first entered the cohort. The follow up extends to
over 8 years. It can be assumed that they were vaccinated every year. We
do not know whether they remained in their initial response group.
Finally, our study lacks information about influenza associated
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morbidity and mortality. Therefore, we cannot exclude that achieving
seroprotective titers could lead to lower influenza associated AECOPD,
CAP and mortality, which then did not lead to lower overall morbidity/
mortality. This was, however, not the main purpose of our study since
we were interested in immune competence as a marker for overall
morbidity and mortality.

In conclusion, in the COMIC study, a large well-characterized COPD
cohort study, about 40% of the patients achieved seroprotective titers to
HIN1 and H3N1 after the yearly influenza vaccination. Achieving
seroprotection, as a surrogate marker of being immune-competent, was
not associated with lower morbidity and mortality. Whether this means
that the immune status is not a relevant pheno/endotype in COPD pa-
tients for the course of their COPD or that seroprotection to the influenza
strains tested is just not a good (surrogate) marker to define the immune
status in COPD patients needs to be further studied.
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