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The Efficacy of Influenza Vaccination

in Elderly Individuals

A Randomized Double-blind Placebo-Controlled Trial

Th. M. E. Govaert, MD, PhD:; C. T. M. C. N. Thijs, MD, PhD; N. Masure!, MD, PhD;
M. J. W. Sprenger, MD, PhD; G. J. Dinant, MD, PhD; J. A. Knottnerus, MD, PhD

Objective.—To determine the efficacy of influenza vaccination in elderly people.

Design.—Randomized double-blind placebo-controlled trial.

Setting.—Fifteen family practices in the Netherlands during influenza season
1991-1992.

Participants.—A total of 1838 subjects aged 60 years or older, not known as
belonging to those high-risk groups in which vaccination was previously given.

Intervention.—Purified split-virion vaccine containing A/Singapore/6/86(H1N1),
A/Beijing/353/89(H3N2), B/Beijing/1/87, and B/Panama/45/90 (n=927) or intra-
muscular placebo containing physiological saline solution (n=911).

Main Qutcome Measures.—Patients presenting with influenzalike illness up to
5 months after vaccination; self-reported influenza in postal questionnaires 10
weeks and 5 months after vaccination; serological influenza (fourfold increase of
antibody titer between 3 weeks and 5 months after vaccination).

Results.—The incidence of serological influenza was 4% in the vaccine group
and 9% in the placebo group (relative risk [RR], 0.50; 95% confidence interval [CI],
0.35 to 0.61). The incidences of clinical influenza were 2% and 3%, respectively
(RR, 0.53; 95% CI, 0.39 to 0.73). The effect was strongest for the combination of
serological and clinical influenza (RR, 0.42; 95% C1, 0.23 to 0.74). The effect was
less pronounced for self-reported influenza.

Conclusion.—In the elderly, influenza vaccination may halve the incidence of
serological and clinical influenza (in periods of antigenic drift),
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BASED onstudies among young healthy
volunteers, influenza vaecination ap-
pears to have a protective effect of 40%
1o 709 Sinee 95% of the deaths due to
mfliuenza occur among people aged 60
vears and oldoer, it is important to know
the efficacy of vaecination among the
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clderly.' Several studies have suggested
that vaceination of elderly people re-
sl in a deerease in complication rate
(up Lo 729%) and mortality (up to 87%).°°
However, these studies were primarily
retrospective, Only o few prospective
studies have been performed among the
clderly™™; none were randomized and
blindet.

For editorial comment see p 1700.

We condueted a randomized double-
blind placebo-controlled trial of the ef-
ficacy ol influenza vaceination in eldevly
individuals, using both elinieal and sc-
rological outcome parameters.

Influenza Vaccination in Elderly individuals--Govaer! et al

METHODS
Patients

The study was conducted in the win-
ter of 1991-1992 and involved 34 family
physicians in 15 practices in the south-
crn region of the Netherlands. All per-
sons aged 60 years or older (n=9907),
not known as belonging to those high-
risk groups in which vaceination had
previously been given, were invited to
enter the trial.

According to the Dutch Health Coun-
¢il," high-risk groups are patients with
heart or lung eonditions, diabetes melli-
tus, chronic renal insufficiency, and
chronie staphylococeal infections. Of the
people invited to enroll in the trial, 1838
(19%) agreed. The following reasons were
given for nonparticipation: not under-
standing the letter of invitation; hesita-
tion about participating in an investiga-
tion; fear of receiving an injection and
having blood samples taken; and being
pressed for time. Of those who enrolled,
238 indicated that they had been vaeci-
nated against influenza in 1989 and/or in
1990, A history of cardiological, pulmo-
nary, or metabolic problems were re-
ported in 490 participants. (The family
physicians appear to have had different
interpretations of what it means to be at
high risk for influenza.) To assess the in-
fluence of risk status on the effect of vace-
cination, the participants were divided
into the following categories: cardiae dis-
case, pulmonary discase, diabetes melli-
tus, andd other conditions or healthy.
Intervention

The vaceine used was the purified
split-virus vaccine produced by Evans
Medical Ltd (Langhurst, Horsham, En-
gland). This vaccine was eomposed in
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Weekly influenza incidence in the Nelherlands during the 1991-1992 influenza season {(data from the Dutch
institute for Research on Primary Health Carc), with research period (A to H) and time of vaccination and
coltecting blood samples. Pcriod A to B indicates collecting first blood sample and vaccination; C to D. col-
lecling second blood sample: E to F, collecting fourth and fifth blood samples, if applicable: and G lo H. col-

lecting third blood sample

accordance with the adviee olthe World
Health Organization and the Dutch
flealth Counedl. Each dose (0.5 ml) con-
tained A/Singapore/6/S6(HINT), A/Bei-
TEasSOCHSNZ), B/ Reijing/ UST. and
B/ anama/4s/90, adbwith 15 ug ol hemag-
glutinin, Physiological saline solution wis
used as placebo.

Jetween November 1 oand 15, 1091,
Y mL ol venous blood designated S1 was
taken from all participants before vae-
cine or placebo was injected according to
astratified randomization scheme. Four
strata, one for cach ol the dizease cat-
cgories Just mentioned, were used for
randomization. Patients were randon-
ized to vaceine or placebo within the
striata m the following manner (visually
identical vaceine and placebo syringes
were randomized and numbered i four
strata). At the vaceination session, par-
ticipants presented thenr identification
numbers, which had been previousty dis-
tributed. The name and number were
checked against the list of participants,
cnabling us to kentify the stratum o
which the participant belonged. Then the
partivipant received an injeetion with the
next consecutively numbered syringe
within the stratuny in question. The num-
ber of the syringe was linked to the naune
of the participant. Two vaceination teanns
wereinvolved, cach consisting of one famn-
iy physician not belenging to the par-
Uelpating practices, one assistant (o take
the blood saanple, and one assistant 1o
administer the vaceine. The partieipants
were vaceinated in their own family phy-
siclan'’s practice.

Three weeks later, o sccond blood
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sample (82) was taken. A thivd blood
sample (33) wax taken H months after Si
(Ifigure). The serum from these blood
samples was [rozen at =20°C and sent to
the Nutional Influenza Center in Rot-
terdan for further analysis at the end ol
the study.

Follow-up

The participating  physicians were
asked Lo register the relevant symp-
toms of those patients presenting with
an influenzalike illness. ' possible,
blood sumple was taken during this con-
sultation and 3 weeks alterward (34 and
S5), o conlirn an interim increase of
the levelof antibodies against influcenza.
Serw samples were treated in the same
way s the samples 51, 82, and S5,

A questiomaire regarding possible in-
Muenza epizodes and the symptoms ex-
perienced was sent to all participants
after 10 weceks (irst observation periods
and after 25 weeks (seeond obscervation
period) Tgure). Participants - were
asked to A out and return these ques-
tionnaires. Questionnadres were ana-
Ivzed by rescarvchers blinded as to vie-
cination status.

Laboratory Measurements

The antibody Uter in the serum
samples was measured by means of the
hemagglutinin inhibition test. Tnlluenza
virus strains for titrations were propa-
rated i embryvonated 12-day-old chicken
copsostrains ol or analogous to the vie
cine were used for the titrations, Be-
cause of the Tow avidity of influenza 13
viruses, the allantoie flind of the eges

el

Y

moculated  with these virnses wios
treated with ether and wasused in the
serological test= The hiemagpelutinm in-
hibition titers before and after vaccina
tion were tndependently and sinmlta-
neotisly measured by two technicians
according Lo standard miethods™ The
titers were expressed as the reciprocal
values of the dilution. of which 50% of
hemagglutinin inhibition vcewrred after
addition of three units of emagglutinin
rom the antigen.

Diagnostic Criteria

The average logarithmic titer value
Sor the serum was caleulated from the
serunt levels independently measured
by two teelmieians, Titers less than 9
were arbitrarily regided as b,

Antibody titer alter vaceination can
be atfeeted by the level of antibodies
hefore vacemation.” ™ For this reason,
the influence of the logarithmie titer of
ST on 82 was caleulated using bivariate
vepression analysig, und N2 was cor-
rected for thix influenee. The formula
used was the following:

N2t D=N2- OIS -log 10),
mowhich N2 (eare 1) is the 832 Tovel cor-
rected for 81, O iz the regression coel-
ficient of the bivariate regression mocdel,
el S7and S2arve the logarithms of the
respeetive Giters.

Atiter of B8 or arcater and a fourfold
Uter increase in =5 relative (o 82 were
conzidered ax mecting the eriteria of
influenza infeetion.™ The same proce-
dure was used to determine whether a
fourfold titer increaze had oceurred in
SHorelative to S

Anantibody titer ol 100 or greater for
A strains and 200 0r preater for Boslrains
was considered Lo be aprotective titer”

The family physicians were asked to
apply the Tuternationol Classification
of Healtl Problens e Priveary Care
ACHPPC-2-Defred ) eriteria Lo pa-
tents  presenting  with  influenzalike
symptoms. Inclusion aecording to the
1CHPPC-2-Diefiecd eviteriarequires one
of the following: 1) vival culture or se-
rological evidenee of inflacnza virus in-
fection, (21 influenza epidemie plas four
of the eriteriin 3,01 G six of the {ol-
lowmg: =udden onset, cough, rigors ar
chills, fover, proxteation and weakness,
myvalgin, widespread aches and pains,
no =ignificant physieal signs other than
erythema of nasal mueous membrane
and throat, :uul infloenza m close con-
Lacts.

The eriterivof the Duteh Sentinel Sta-
tions and the ICHDPC-2-Defined were
used to evaluate the questionnaive filled
out by the participant=""" The eriteria
ol the Dutel sentinel Stations inelude
an acute onset, fever of at least 38°C
measured rectallysand at Teast one of
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Table 1.—Characteristics of the Study Subjects
L |

Vaccine Placebo
Group, Group.
No. (°s) No. (“s}
Suhgroup (n=927) (n=911)
Risk status
Lardiac chsease 126 (14.5) 124 (138.01
Pulmonary discase 105¢11.3) 95104
Diabetes mellilus 21{2.3) 20 (2.2)
Otherfhealthy 676 (72.9) 672(73.8)
Total 927 (100) 911 (100)
Sex
Male 420 (45.3) 449 (49.3)
Female 507 (54.7) 462 (50.7)
Total 927 (100) 911 (100)
Age, vy
60-64 368 (39.7) 396 (43.5)
65-639 281 (30.3) 249 (27.3}
70-74 176 (19.0) 177 (19.4;
75-79 66{7.1) 61(6.7)
80-84 29(3.1) 19¢2.1}
851 710.8) RERNE
Totat 927 (100) 911 (100}
Preanly sacceniale
" IIHH77 12003
HOO(B/.3) 7911864
Total 927 (100) 911 (100}
i T ber
E‘\‘ IHERENTEEIN
[ERSY R N
\‘»r']wml ARAHIR RPN BRI 23120
SRR AN 21023 2813 1
; (AR AT J37 606
LUt s 103 [

Tabees o Mumhor o Dropocts Alter Randomization
e

Vaccine Placebo
fleason Group, n Group. n
S | A
et et e
: oy : ﬁ
; 0 !
e wanednaled by
g v pbysiedin : n
o laboratory ot 10 13
25 22

Py treyvocandial b
RN IR

s and vne raptared o

She following svimplons coughing, co-
vzl throat, frontal headaehe,
retrasternal pain, or myalgia

The protoeod was approved by the
mcdieal ethies conmmiittece of the [ni-
versity of Limbure and the Universily
Hospital, Maastrieht, the Netherlands.
Informed  consent was obtained  and
[orms were signed by all participants.

O

Data Analysis

The efficney of vaceination against in-
fluenza was expressed in terms of the
pelative risk (RR) and wis tested by ¢~
testz. The 95% confidence interval (G
was computed Tollowing the Rothman
nethod.™

A logistic regression model was used
to analyze the modifving effect ol ape,
SeN, previous vieeination status, and dis-
case category on the efficacy of vaceis
nation (a likelihood ratio was used Lo
evahute the intersiction of these vari-
ables with the current vaccelnation sta-
tus using the 7 test with an ¢=.05)."

The analyses were conducted on a
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Table 3.—Efficacy of Vaccination in Participants With Influenza or Influenzalike lliness Diagnosed

According to Different Criteria

Logistic

Vaccine Group, Placcho Group, Regression,

Influenza or Influenzalike No. (%) No. (%) Relative Risk Qdds Ratio

lHliness According to (n=927) {n=911) (95% CI)* (95% Cl)*T
Serorlog_yjr__w 41 (4) B 7730‘(9) o O 0 (0.35- 0767 ) 70 40 vO 33- O 7 )
Family physician 17 (2) 31 (3) 0.53 (0.39-0.73) 0.52 29—0.9;)
Sent \m? Stationst 82 (7) 89 (10) 0.69 {0.50-0.87) 0.64 (0.46-0.91)
ICHPPC-2-Definedt 108 (12) 129 (14) 0.83 (0.65-1.05) 0.78 {0.59-1.02)

“Cl indicates conlidence interval.

tControlled for age, sex, previous vaccinalion status, and disease category (cardiac disease, pulmenary disease,

diabetes mellitus, and other conditions or healthy).

tDropouts in Serology subgroup were 25 vaccine and 22 placebo; in Sentinel Stations, eight vaccine and two
placebo, and in International Classification of Health Problems in Primary Care (ICHPPC-2-Delined) crileria,™ eight

vaccine and two placebo.

VAX mainframe computer, using the
BMDYP program”' 1990 version.

RESULTS

The compozition of the trial population
i=shown in Table 1 The vaceine and pla-
ceho proups were =imilar with regard to
age, =ex, vi=k proups, previons vaceina-
ton in 1984 and 1990, and protective
antibody titer before vacanation. Sero-
logical data were incomplote for ¢ pa-
Ueipants, partly due to participants un-

vailable for follow-up and missing hlood
samples (Table 2), Morbidity and mortul-
ty of the dropouts did not occar after
syniptoms resembling influcnza, Subject s
\\‘ith ineomplete samples were l'l‘['li]ll‘(l
the amaly=es whenever possible. The
I‘t” Licipants returned 1806 questionnaires
(O an the end of the first ob=ervation
period and 1756 (967%) a the end of the
sccond period.

Table 3 <hows the efficacy of vaea-
nation, Serological influenza and -
enzalilie illness according to the family
physician and Sentinel Stations had o
statistically significant lower incidence
in the vaceine group than in the placebo
cronp. The effeet on influenzalike 111-
Ness Atuntlum to the TCHITPC-2-De-
Jived criteria was =maller and not stae
tisticadly significant. However, whenwe
cvaluated the effect of vaecination in
the period of weok 49 1n 1991 to week 6

1 1992, the period with epidemic eleva-
tion (Kigure), a =ignificant effect was
noted alzo (or influenzalike illness ac-
covding to the 1O PC-2-Defined eri-
terin (R, 0071 905 C1, 0.24 Lo 1.00), In
the same period, the RR was 0.39 (95%
CI, 022 to 0.68) for serological influ-
enzi, 0,40 (95% C1, 6.19 Lo 0.8T) for in-
fluenzalike illness acceording to Lho fam-
ily physician, and 041 (95% CI, 0.28 Lo
0.61D) for influenzalilke iliness according
to the Sentinel Stations,

Tabled shows the vesults after strati-
fieation for risk status, sex, age, and
previous vaecination status, The inci-
dence of influenza or influenzalike ill-
ness was approximately the same for
the various subgroups as for the entire

Influenza Yaccinator m Elderly In

trial population. With the exception of
e |up(1nl\ aged 70 vears and older,
vaceinated participants consistent Iy had
aclearly Tower incidence of inlluenza or
mMenzalike illness than did nonvacet-
nated paoticipants, In the 70 vears and
olderage category, ite differenee wis
found in the incidence of influenza and
mlluenzalike ilne \\lwt\\u-n\ lecinated
and nonvaceinated participant=. The s
were wider ikely bu wse of fewer =ub-

Jeets per gronp.,

The odds vatios found in the Jogistic
pegression analysis adjusted orage, sex,
previous influenza vaceination, and «dis

case statux were =<imifar to the unad-
Justed REsAn exception was the elteer
of influenza vacemation on imtluenzalike
Hness according to the family physi-
clan; with cun inerease i age, the effoa
ol vaceination disappeared (with age as
the (‘(ymimmus vartable in this madel,
I’/()I' ith age as dichotamons v
able, I to GO vewrs and $ vears oy
u]«!m, D= 15 Sinee this
analyvsiz was imultancously
for other varviables, this nuenee can-
not be expiained hy, for example, the
number of carlicr vaceinations, winely
erease with agece,

In the previonsiy vaceinated partici-

pants (n=258) wWho were now revacer-
nated, serological influenza only necurred
in 0.9%, compared with 5.1% in those
not previously vaceinated (=.014) (‘Table
4. I the Jogistie vegression analyvsis,
the modifving effect of previous vacei-
nation on the <erological officacy of cur-
rent vaceination was of borderline sta-
tistical sigmificance (P’=.07). I'or ¢linical
influenzz, a difference in influenza rate
wits hol obzerved,

Table 5 shows the RIs of vacenated
participants compared with the nonvie-
cinated regarding possible combinations
of clinieal and svmlng’ic;ll influenza, 1t in-
dicates that the diagnosis of inlluenza on
purely clinical prounds was not confirmed
serologically in most cases. The efficacy of

vaceination was highest for a diagnosis of
influenza confirmed both clinically and we-
rologically (RR, 0.42; 95% (‘l,().u.itm 74).

FeOTession
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Table 4.—Elficacy of Influenza Vaccination Stratified According to Disease Status, Sex, Age, and Previous Vaccination Status

Influenza or Influenzalike lliness According to

Serology Family Physician Sentinel Stations ICHPPC-2-Definedt
(n=121) (n=48) (n=151) (n=237)
f 1 ! T |
Subgroup* Vaccine Placebo Vaccine Placebo Vaccine Placebo Vaccine __ Placebo
Patients at potential risk}
No. (%) 9(3.7) 21(9.0) 5(2.0) 11¢5.0) 21(8.4) 23 (9.7) 35 (14.0) 39 (16.4)

RA (95% CI)

0.41 {0.19-0.89)

0.43 {0.15-1.23)

.87 (0.49-1.53)

0.85 (0.56- XLO)

Other'healthy

No. {%) 32 (4.8) 59 (9.0 12(1.8) 20 (3.0) 41 (6.1) 66 {9.8) 73 (10.9) 90 (13.4)
RR (95% Ch 0.55{0.36-0.83) 0.60 (0.29-1.21) 0.62 (0.43-0.91) 0.81 (0.61-1.09}
Men
No. {%) 12 (2.9) 41 (9.3 5(1.2) 15(3.3) 24 (57) 33(7.4) 39 (9.3) 46 (10.3)
RR (95% CI) 0.32 (0.17-0.59) 0.36 (0.13-0.97) 0.78 (0.47-1.30) 0.91 (0.61-1.36)
Women
No. (o) 29 (5.8) 39 (8.7) 12 (2.4) 16 (3.5) 38 (7.6) 56 (12.1) 69 (13.8) 83 (17.8)
AR (95% Cly 0.68(0.43-1.07) 0.68 (0.33-1.43) 0.62 (0.42-0.92} 0.77(6.57-1.03) ~
Age, y
60-69
No. (%) 27 (4.3) 62 (9.9) 9(1.4) 22 (3.4) 47 (7.3) 73{11.3} 84 (13.0) 105(16.3)
RR {95% Cl) 0.43 (0.28-0.67) 0.41(0.18-0.88) 0.64 (0.45-0.91) 0.80 (0.61-1.04)
70
No. (%) 14 (52) 18 (6.8) 8{2.9) 9(3.4) 15(5.5) 16 (6.0) 24 (8.7) 24 (9.1}
RR (95% Ci) 0.77 (0.39-1.51) 0.85 (0.33-2.17} 0.90 (0.46-1.79) 0.96 {0.56-1.66)
Previously vaccimated
Yes
No. (%) 1(0.9) 9{8.0) 3(2.5) 11(9.2) 11(9.3) 15 (12.6) 16 (13.6) 23(19.3)
RR (95% CI) 0.11 (0.01-0.83) 0.27 (0.0B-0.95) 0.74 (0.36-1.54) 0.70 (0.39-1.26)
No
No. (%o} 40(5.1) 71(9.1) 14 (1.7) 20 (2.5) 50 (6.3} 74 (9.4} 91{11.4) 106 (13.4)

RR (95% Cl)

0.56 (0.36-0.81)

0.69 (0.35-1.35)

0.67 (0.47-0.94)

0.85 (0.65-1.10)

*Participants with incomplete data were nol included. RR indicates relative risk; and Cl, confidence interval.
TICHPPC-2-Defined indicates Internalional Classification of Health Problems in Primary Care™®

tCardiac or pulmonary discasc or diabetes meblitus

Tabie 5.--Relative Risks (RRs) and 95% Confidence Intervals (Cls) of Vaccinated Participants Compared
With Nonvaccinated Participants in Relation to Serological Influenza and Clinical Influenza

Influenza
| Vaccine Group, n Placebo Group, n
Clinical* Serological (n=927) (n=911) RR (95% CI)
Mo B No 753 694 ..
Yes No 107 15 0.92 (0.72-1.17)
No Yes 25 a2 0.59 (0.36-0.96)
Yes Yes 16 38 0.42 {0.23-0.74)
Dropouls 26 22

*Clinical influenza if any of the criteria (family physician, Sentinel Stations, or international Classification of Health

Problems in Primary Care® crileria) were met.

Of the 121 participants with serologi-
cal influenza, 67 showed no clinical symp-
toms. Fifty-five of these 67 had an in-
creased antibody titer at S2. These ti-
ters were not high enough to prevent
influenza infections serologically (=100
and 2200, respectively), but apparently,
they were sufficiently high to prevent
@ chnical manifestation of influenza
infection.

COMMENT

The results of this study are consis-
tent with a halving of the influenza risk
by vaccination. However, the RR var-
ied with the diagnostic eriteria from 0.50
for serological influenza to 0.83 for clini-
cal influenza, according to ICHPPC-2-
Defined criteria, The latter criteria may
be considered the most lax, so that many
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patients may have had a false-positive
diagnosis of influenza, resulting in a di-
lution of the observed effect of vaccina-
tion. Hence, the real effect may be nearer
avisk reduction of 50%. If the most rigid
criterion was used (elinical influenza,
serologically confirmed) the risk reduc-
tion was 58% (RR, 0.42). If the risk pe-
riod for the clinical diagnosis was lim-
ited to the epidemic period (and, con-
sequently, the false-positive cases were
reduced), the effect was significant even
when the least rigid clinical criteria were
used (RR, 0.74 for ICHPPC-2-Defined).
This illustrates the importance of speci-
fication of the risk period when com-
paring different studies that express the
results in terms of RR or risk reduc-
tion."* The efficacy of vaceination may
have been maximized by the good match

between the vaceeine and the epidemie
strains and the close proximity of vae-
cination to the influenza season. How-
ever, we have no reason Lo beheve this
match differed essentially from previ-
OUS SCARONS,

The servlogical efficacy of the vaccine
(67 participants with scrological influ-
enza showed no clinical symptoms) could
be relevant in preventing “herd infec-
tions.”

In our study, a protecetive response of
the vacecine was primarily found for the
A/Beijing strain. During the 1991-1992
scason in the Netherlands, 65% of the
isolated strains showed an antigen
closely related to the vaceine virus
A/Beijing/353/8)(H3NZ). Conclusions re-
garding the protective response of the
other strains in the vaccine cannot be
drawn due to the limited number of in-
fections with these virus strains (A/Sin-
gapore/6/86[ H1N 1], B/Beijing/1/37, and
B/Panama/45/0).

A number of studies suggest that the
degree of serological protection is re-
duced by previous vaecination. " Thig
may be explained by the presence of an
increased antibody titer against a cer-
tain strain before vaccination, influene-
ing the production of new antibodies.
Nevertheless, our study shows that pre-
viously vaccinated participants acquire
influenza less often. The geometric mean

influenza Vaccination in Elderly Individuals—Govaert et al
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titer and proteetion rate, the most im-
portant parameters for estimation of im-
miune response to vaceination,* are pa-
rameters of humoral immunity. There is
also most likely a eellular immunity
against the influenza vivion, and both
humoral and cellular immunities may be
responsible for the efficacy of the vae-
cination,

Earlierstudies show that the response
to vaceination in elderly people is lower
than in young people.” “=* Neverthe-
lexs, a risk reduction of 50% in a pop-
ulation m which 95% of all fatalities
velated to influenza oecur is a highly
aceeptable incentive for systematic vac-
cination in elderly people, However, ony
results suggest that the effeet of vaca-
nation may deercase after the age of 70
vears, In our trial, the incidence of in-
fluenza was low and the number of par-
ticipants aged 70 years and older was
too smeadl te detect a modifying effect of
age with reasonable confidence. Tt is
known that older people have a lower
antibody titer response to vaceination
than younger people, but other factors,
sich as cellular immunity, may influ-
ence resistance to inflnenza.

This study has potential limitations
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