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To the Editor:

Exacerbations are the main sources of hospitadizathd mortality in COPD
patients. They are related chiefly to lung infestipof which 36% are due to influenza
viruses?® Exacerbations triggered by viral infections areally more severe than those
related to bacterial infections, with a longer ngeny time and higher admission rate.
Although influenza vaccination of COPD patientsdssommended in many countries, the
immune response to the vaccine in this populatamrot been studied in detaBesides
humoral response, cellular responses mediated I8/ @ml CD4 T cells are now
recognized as crucial for the protection againgi@mza virus during infection, and
interferony (IFNy) production by T cells in response to vaccinatizay be the most reliable
marker for influenza outcomes and live attenuatztine-induced protectiof. Therefore,
we performed a study to explore B and T-cell phgmes, serum titers of neutralizing anti-
hemagglutinin antibodies response and in vitro [Treeall responses using the whole
vaccine in COPD patients and controls without CG@&ails are described in this article’s

methods section in the Online Repository at wwvioialine.org).

We include 15 patients with clinically stable CORB 15 subjects without COPD
(clinical characteristics are givenTrable E1, and the Methods section in this article’s
Online Repository at www.jacionline.org). The stumnsisted of two clinical visits (days 0
and 30). Each participant received a single dosben2013 trivalent inactivated influenza
vaccine (Vaxigriff 2013) by deep subcutaneous injection on day GdB&amples were
obtained at baseline and at day30.

Compared to controls, patients with COPD had higieecentages of naive B cells

(CD21'CD27), and lower percentages of resting memory B ¢eiB21'CD27') at baseline



(Table 1). The activated memory (CDZID27") and exhausted (CDZ1D27) B-cell
subsets were not different between the two groBplls from COPD patients expressed
larger amounts of surface IgD and IgM than thosenfcontrols. Marginal zone B cells
(CD27', IgD"), which are involved in producing plasma cells antibodies independently
from T-cell responses, were not significantly diffiet between the two groups. Switched
memory B cell (CD27, IgD’) counts were lower in the patients than in thetrmis, We
found no differences in circulating Tfh cells beemehe patients and controls. The patients
and controls showed no differences in the distrdoudf CD4+T cells subset3 éble 1).
Neither were the groups different for the CO8cell subsets or CD8T-cell cytotoxicity
assessed based on perforin and granzyme B levels.

Regarding humoral response to vaccination, inflaeraccine-specific antibody levels
expressed as geometric mean titers (GMT) of heraéiggtion-inhibiting antibodies to all
three influenza strains were significantly high8rdays after vaccination than before
vaccination in the control${g 1A and sed=ig E1 in this article’s Online Repository at
www.jacionline.org. In contrast, antibody titers to two strains, Aldania/7/2009 and
A/Texas/50/2012, did not increase significantlyestn days 0 and 30 in COPD group. The
level of A/Texas/07/2009 was higher in COPD pasardmpared to controls (3.13 +/- 1.95
versus 1.77 +/- 1.18, p=0.022). The percentagewtirals and patients who experienced
seroconversion was 30.8% vs. 14.3% for A/Califdifi2z009 (NS), 46.2% vs. 28.6% for
Al/Texas/50/2012 (NS), and 21.4% vs. 23.1% for Bsabusetts/02/2012 (NS),
respectively.

Next, we used flow cytometry to assess the T-gatilane production followingn

vitro whole vaccine stimulation (for 5 days and 6 hoaspectively). These tests were



performed before vaccination. We determined thegrgage of living CD3T cells that

were CD4and expressed IFNIL-2, or TNFu (Fig 1B). After 5 days of vaccine stimulation,
we found a lower percentage of CDBcells expressing IFjNamong cells from patients
than controlsKig 1B). No difference was observed between smokers anesmokers
regarding IFN-gamma CD4esponse in the control group. In contrast, thregregages of
CD4" T cells expressing IL-2or TNFa were not different between the two groups.
Moreover, no difference was observed regarding#reentage of CD8+ T cells expressing
IFN v, IL2 or TNFa between the two groups in response to the whaleina (data not
shown). To confirm this result, we performed a Loex assay to assess cytokine production
in culture medium of T cells subjected to wholecrae stimulation. Of the 29 cytokines
assayed, only IFlNwas found in lower levels in media from COPD pattiecompared to
controls Fig 1B). No differences were observed after 6 hours otwee stimulationdata

not shown). To assess whether this response was also aiteregponse to other virus, we
stimulated T cells with cytomegalovirus. The petages of CDAT cells producing IFN,
IL-2, or TNFa were not significantly different between the twouwps (seéig E2 in this
article’s Online Repository at www.jacionline.pr§Ve also examined the production of
cytokines by CD8T cells subjected tm vitro whole vaccine stimulation but found no
difference between patients with COPD and confadsa not shown). In addition, we
assessed the proliferation of CDehd CD8 T cells in response to the vaccine, using CFSE
dilution. No difference was found between cellgrirpatients and controls, which also
exhibited similar telomere length (séey E3, A and B, in this article’s Online Repository at

www.jacionline.org.



We looked for associations linking lung characterssof the participants to vaccine
response marker3 éble E2). IFNy (pg/mL) production after Vaxigrip stimulation
correlated positively with Déo and negatively with CT emphysema score. Among
hemagglutination-inhibiting antibodies to the thheduenza strains, only Delta A/California
GMT was positively correlated with Rk.

Our findings show that both the humoral and th&utzel responses to influenza
vaccination are impaired in patients with COPD jhwatblunted antibody response and
decreased IFNproduction by CDAT cells. This is the first evidence of impairedNiF
production by CDAT cells in response to influenza vaccination inf0patients,
suggesting an impaired ability of COPD patientddwelop cell-mediated immunization
against influenza. Therefore, to protect COPD pa&iérom influenza, efforts should focus
specifically on developing vaccines that boost hbethhumoral and the cell-mediated
responses.

Whether this decline of immune response in COPIpt is ascribable to a process
of immunosenescence as with advancing age renaivs determine@lmmune function in
patients with COPD shares several of the charatiesiof immunosenescence such as
increased susceptibility to infections and altérachoral and cellular responses to
vaccinatiorf However, the increase of naive B-cells and theedese of memory B-cells and
switched B cells in COPD patients, compared to sageecontrols without COPD, does not
support a defect in B-cell regeneration in COPRerestingly, this B cells abnormality
resembles more the impairments seen in patienksomihmon variable immunodeficiency,

than in the elderly’



FIGURE LEGENDS

Fig 1. A, Geometric mean titers (GMT) of hemagglutinationiiming antibodies to
A/California/07/2009, A/Texas/07/2009, and B/Mas$saetts/2/2012 viral strains in each
COPD patients and controls before (D0) and aft@&0jyaccinationB, Gating strategy,
analysis of IFN", IL-2* and TNF" CD4 T cells among PBMCs; Luminex assay of §£N
IL-2, and TNFe (pg/mL) in supernatants of cultured PBMCs stimedan vitro for 5 days
by the whole influenza vaccine (150 ng/mL) in COpdlients and controlsP<0.05;

“P<0.01. NS: not significant.
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Tablel: B and T cellssubsetsin participantswith COPD and in controls before

vaccination.

Parameters Control COPD p value*
B cells

Naive B cells, % 52.7 (47.2-59.0) 66.9 (65.2 - 79.0) 0.018
Resting memory B cells, % 40.1 (32.4-445) 28.2(15.3-31.0) 0.036
Activated memory B cells, % 3.41(2.87-5.31) 3.62(1.66 -4.23) 0.454
Exhausted B cells, % 2.53(1.47-3.50) 1.95(1.26-2.93) 0.704
Marginal zone B cells, % 8.81(5.93-12.5) 4.44(3.63-8.93) 0.170
Switched B cells, % 36.4(29.0-40.2) 24.4(16.3-29.7) 0.029
CD4'CXCR5'CCR7°PD1" T cells, %  9.00 (7.54 - 16.1) 10.5(8.96-13.0)  0.282
CD4'CXCR51COSPDI" T cells, %  0.81(0.23-1.38) 0.47(0.24-0.81)  0.560
Circulating lymphocytes 1.79(1.10-3.30) 1.83(1.20-3.80 0.883
CD4+ T cells

Naive CD4 T cells, % 40.3 (27.4 -52.6) 49.7 (37.1-58.2) 0.198
Central memory CD4T cells, % 48.7 (33.2-58.3) 35.7 (27.4 - 45.3) 0.229
Effective memory CD4T cells, % 9.31(5.87-22.2) 7.79(4.89-18.2) 0.363
Exhausted CD4T cells, % 1.93(1.39-3.01) 2.86(1.97 - 3.99) 0.184
PDI1 CD4 T cells, % 31.9(18.4-38.3) 25.1(16.5-36.2) 0.467
CD8+ T cells

Naive CD8 T cells, % 43.7 (12.3-58.1) 39.9(20.6 - 57.0) 0.705
Central memory CDS8T cells, % 26.3(17.1-49.8) 27.2(21.7-47) 0.735
Effective memory CD8T cells, % 7.46 (4.88-10.7) 7.79(4.8-13.1) 0.588
Exhausted CDST cells, % 15.7(6.7-27.6)  12.9(3.7-37.8) 0.704
PD1' CD8' T cells, % 34.1 (28.4 - 46.0) 29.3(21.0-374 0.118
Cytotoxic capacity

Gz B' CD8' T cells, % 32.1(13.4-39.9) 21.2(6.1-47.2) 0.560
Pfp’ CDS8' T cells, % 10.9(4.1-26.0) 10.93(2.1-24.6) 0.533

Bold type indicates statistically significant diftaices defined as p<0.05.
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TableE1l: Main featuresin participantswith chronic obstructive pulmonary disease

and in controls

COPD Controls P valuet
n=15 n=15
Males/Females 10/5 11/4
Age, years 620+1.1 624 +1.2 0.71
Pack-years 42.3+4.0 22.0+6.1 0.017
Smoker/Non-smoker 15/0 8/7
BMI, kg/m? 245+2.0 26.4+1.7 0.41
FEV:1, % predicted 57+6.2 99.1+4.6 <0.0001
FVC, % predicted 83.6+4.5 100.5+4.3 0.003
FEV4./FVC, % predicted 53.8+4.1 78.6 +1.6 <0.0001
DLcc, % predicted 52.1+45 86.2+4.2 <0.0001
Exacerbations* 15204 00
CRP, mg/L 2.7%1 1.4+0.2 0.45

Definition of abbreviations: BMI, body mass index; COPD, chronic obstructivgnponary
disease; FEY forced expiratory volume in 1 second; FVC, forogthl capacity; Dlco,
diffusing capacity of the lung for carbon monoxi@RP, C-reactive protein

Data are mean + SEM.

* Number of exacerbations during the 6 months follmaraccination.

TP value by nonparametric Mann Whitney test.



Table E2. Correlation coefficient matrix between humoral, cellular vaccine response

and lung function parameters.

P o FEV1, % DLCO, % Emphysema
arameters predicted predicted score AU

Hemagglutination-inhibiting ab

Delta A/Cdlifornia07/2009 GMT 0,342 0,489 -0,219

Delta A/Texas/50/2012 GMT 0,112 0,243 -0,300

Delta B/Massachusetts/2/2012 GMT 0,209 0,160 0,155

Invitro IFNy production by T cells

IFNy" CD4" T cells, % (DO) -0,028 0,267 -0,363

IFNy (pg/mL) after Vaxigrip stimulation 0,247 0,574 -0,564

Definition of abbreviations: FEV 1%, forced expiratory volumein 1 second as the % of the
predicted value; DLCO, diffusing capacity of the lung for carbon monoxide; AU, arbitrary
units, Bold type indicates statistically, significant differences defined as p<0.05



[ | - [m)
n u s X
LI O
l- (@]
%)
=
0
o
e
o
O
I T T T T
[c0] © < N o ﬁv_
1ND

cloc/g/spesnyoesseN/g eysd

= = o)
“lnl I-W
% | | (@)
S
S
I °
N °
e
S
(@)
ST 4 5 % 3
1ND
¢10¢/0G/sexal /v ejjed
o
iz zif
(@]
E3
[2)
°
e
S]
(@)
-
L T T
g ) 1
i 1ND

600¢/L0/E1UIoBD/Y B3



Fig E2

n
n
n
n n - m
[
1)
2
& & I S
S[180 L +¥AD +4NLl %
m
T . = =
1)
=2
(!
(
© <, & o
o o o o
S|[80 L +¥AD +¢- 1 %
n n IA
%)
=2
© < & S

SIS L +¥AD +Ndl %

COPD

Controls

COPD

Controls

COPD

Controls

NS

|
.l
am
COPD

T

Controls

2501

NS

T
o o

T T
o o
o 0 0

100

~—

N
juejeuladns ainyno
ut (uy/Bd) 4NL

COPD

Controls

o
®

NS

) =
N -~

juejeulsadns ainyno
ur (quy/Bd) g-I

|
|
0-
COPD

Controls

20000

15000+
10000+
5000+

jueleuladns ainyno
ul (wy6d) A-N4i



Fig E2

NS
[
[ ] |
Emggu®
COPD

Controls

I T n n T T
e v <o w o v <
v + < - = o o

S1199 1 +8dD MO| 3S4D %

nm
(a)
n = = "RG0
aTa| O
al ©
%)
=
2]
o
=
o]
(@]
© © - & S
S|199 1 +AD MO| 3S4D %
mm
n lll llm n " n
o n = L
= S LI -
(%] (%)
= =2
0
o
|lom -
o)
O
© © <+ & o ®© © < o o
o o o o o

S|199 1L +£dD MO| 3840 %
< 0 (ones /1) wbus| aiswolaL

COPD

Controls



