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Influenza Vaccine Efficacy in Young, Healthy Adults

I. Grotto, Y. Mandel, M. S. Green, N. Varsano, From the Medical Corps, Israel Defense Force; Israel Center for
Disease Control (ICDC); Sackler Faculty of Medicine, Tel-AvivM. Gdalevich, I. Ashkenazi, and J. Shemer

University; and Central Virology Laboratory, Chaim Sheba Medical
Center, Tel-Aviv, Israel

Findings concerning influenza vaccine efficacy in young, healthy adults are inconsistent. A high
incidence of influenza in the winter of 1995 provided an opportunity to study the efficacy of influenza
vaccine among young, healthy military personnel. Influenza activity was confirmed by isolation of
influenza A and B viruses from nasopharyngeal swab specimens from hospitalized soldiers. Self-
administered questionnaires concerning vaccination status and disease symptoms were used in two
study groups: recruits and veteran soldiers serving in different camps. Six hundred eighty-four
individuals had received influenza vaccine and 652 had not. Vaccine efficacy was found to be 38.1%
(P Å .002) for preventing febrile illness with or without symptoms and slightly higher (41.6%;
Põ .001) for preventing fever together with upper respiratory tract symptoms. The current influenza
vaccine significantly reduced febrile illness among healthy military personnel.

Study PopulationInfluenza is an important cause of morbidity, mortality, and
loss of working days [1, 2]. Current recommendations about

A historical prospective study was carried out among two
candidates for vaccination include persons at increased risk

groups of soldiers. The first group was of recruits who had
for complications of influenza because of an existing medical

joined the army during the previous 4 months and were sta-
condition [3]; health care personnel; and young, healthy mili-

tioned in four different basic training camps, as presented in
tary personnel [4, 5]. Studies of the inactivated influenza vac-

table 1. At two bases (A and B), influenza vaccine was adminis-
cines have produced clear evidence of efficacy among elderly

tered to all 651 soldiers. Of them, 329 recruits were enrolled
persons [6, 7], some evidence of efficacy among children [8,

at random in the study, and we received questionnaires suitable
9], and mixed results among health care personnel [10]. There

for analysis from 297 (90.3%). At two other basic training
are few published articles on the efficacy of influenza vaccine

camps (C and D), none of the 723 recruits were vaccinated
among young, healthy adults [1, 11–14]. High laboratory-

since they joined the army after the influenza vaccination cam-
confirmed influenza activity during the winter of 1995–1996

paign was over. From these bases, 384 soldiers were selected
[15] provided the opportunity for an evaluation of influenza

randomly to participate in the study, and all of them filled out
vaccine efficacy among young, healthy adults in the population

the questionnaires appropriately.
of the Israel Defense Force (IDF).

The second study group comprised veteran soldiers stationed
at three different army installations (E–G), as presented in
table 1. These soldiers were older than the recruits (mean ages:
23.4 and 18.4 years, respectively). Among the 2,541 soldiersMethods
at these bases, influenza vaccine was offered to selected groups
comprising 701 soldiers who were carrying out essential dutiesTiming of the Study
(soldiers with specialized training who could not be replaced

In mid-December 1995, there was a sharp increase in hospi- by unqualified soldiers), but the decision to be vaccinated was
talizations due to febrile illness of IDF soldiers all around made by the soldiers themselves. Of the 701 soldiers, 655
Israel. This was accompanied by a sharp increase in deaths (93.4%) filled out the study questionnaire properly, and 387 of
due to pneumonia among the general population of Israel [15]. them were vaccinated. In order to evaluate for selection bias,
We carried out the survey in the second half of January 1996, we compared the vaccinated and the nonvaccinated soldiers for
and the soldiers were questioned about the period of December age and percentage serving in a professional capacity (veteran
to mid-January. soldiers engaged in constant occupation). No significant differ-

ences were found concerning these criteria. All soldiers, both
recruits and veterans, were males.
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Table 1. Distribution of the study groups of Israeli soldiers, by vaccination status.

Vaccinated Nonvaccinated

Study group Base n Base n Total

Group 1 A 236 C 172 408
B 61 D 212 273

Total 297 384 681
Mean age { SD (y) 18.55 { 0.21 18.25 { 0.25 18.4 { 0.23

Group 2 E 65 E 151 151
F 112 F 184 184
G 210 G 320 320

Total 387 268 655
Mean age { SD (y) 23.4 { 4.7 23.9 { 5.9 23.6 { 5.2

Professionals (%)* 56 50 . . .†

NOTE. Bases A–D Å basic training camps for recruits; bases E–G Å permanent installations with veteran
soldiers; n Å number of participants who completed the study questionnaire.

* Professionals are veteran soldiers engaged in constant occupation.
† P Å .133.

Validation of Study Questionnairesof the World Health Organization. Each dose (0.5 mL) con-
tained inactivated strains similar to A/Johannesburg/33/94 We checked the validity of the questions concerning febrile
(H3N2), A/Singapore/6/86 (H1N1), and B/Beijing/184/93. The illness at two of the bases, A and C (408 soldiers). For these
vaccination campaign was carried out in the second half of bases, we compared data from the soldiers’ records at the bases’
October 1995. clinics (for the period November 1995 through mid-January

1996) with data obtained by the questionnaires. We used this
comparison in order to measure the criterion validity of two

Influenza Questionnaire
questions on the study questionnaire, about the occurrence of
any febrile illness and the occurrence of febrile illness with aRecruits at all four training camps and all the soldiers in the
temperature of ú387C. Soldiers who answered positively toselected groups at the other bases were given questionnaires
one of these two questions but claimed they did not visit theby the physician in charge of these populations. They were
base’s physician (24 and 11 soldiers, respectively) were ex-allowed 1–7 days to complete them and were asked to return
cluded from the analysis (in fact, they did not appear in thethem to the same physician. The one-page, self-administered
clinic’s records).questionnaire was composed of three parts.

Results are presented in table 2. Sensitivity of the reported-(1) Demographic data. These data included year and
illness question was found to be 78.3% for the vaccinatedcountry of birth, gender, rank, recruiting date, and occupation
soldiers and 58.8% for the nonvaccinated soldiers (this differ-in the army (only for veteran soldiers).
ence was not statistically significant). Specificity was 92.2%(2) History of a febrile illness during December 1995 to
for the vaccinated soldiers and 93.6% for the nonvaccinatedmid-January 1996. The date of the first symptoms’ appear-
soldiers. As for the question about fever with a temperature ofance, the maximal oral temperature, the duration of the illness,
ú387C, sensitivity was found to be 47.0% for the vaccinatedthe number of times the soldier visited the physician, the num-
soldiers and 43.5% for the nonvaccinated soldiers, while speci-ber of formal rest days recommended by the physician, and a
ficity was 95.3% for the vaccinated and 95.7% for the nonvacci-description of the disease symptoms (rhinorrhea, cough, con-
nated. These combined data were interpreted as renderingjunctivitis, diarrhea or vomiting, sore throat, headache, arthral-
highly improbable the possibility of differential misclassifica-gia, myalgia, or general weakness) were asked for.
tion of the outcome variable among the two groups.(3) Vaccination status. The soldier was asked whether he

had received the influenza vaccine.
The questionnaire information was entered into a computer-

Data Analysis
ized database and double-checked. Several outcome categories
were defined: reported illness (for all those who answered yes Effectiveness of the vaccine was calculated as follows: (P1-

P2) 1 100/P1, where P1 is the rate of the outcome variable into the question about having a febrile illness) and four catego-
ries of fever (ú387C; ú387C and lasting for ú2 days; ú387C nonvaccinated soldiers and P2 is the rate in vaccinated soldiers.

Ninety-five percent confidence intervals of the relative risk (RRand lasting for ú4 days; and ú387C, accompanied by cough,
rhinorrhea, or sore throat). Å P1/P2) of disease were calculated and used in the formula
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Table 2. Validity of study questionnaires with regard to reported febrile illness among Israeli soldiers.

Disease reported on patient record (no. of soldiers)

Self-reported on Vaccinated soldiers (n Å 227) Nonvaccinated soldiers (n Å 157) All soldiers (n Å 384)
questionnaire; validity
parameter Yes No Total Yes No Total Yes No Total

Febrile illness
Yes 18 16 34 10 9 19 28 25 53
No 5 188 193 7 131 138 12 319 331

Total 23 204 227 17 140 157 40 344 384
Sensitivity 78.3% 58.8% 70%
Specificity 92.2% 93.6% 92.7%

Vaccinated soldiers (n Å 232) Nonvaccinated soldiers (n Å 165) All soldiers (n Å 397)

Febrile illness with
temperature ú387C

Yes 10 9 19 8 7 15 18 16 34
No 13 200 213 9 141 150 22 341 363

Total 23 209 232 17 148 165 40 357 397
Sensitivity 47.0% 43.5% 45.0%
Specificity 95.3% 95.7% 95.5%

NOTE. Reports of disease in patients’ records at bases A and C (see text) were used to measure the criterion validity.

Vaccine Efficacyof 1-RR, in order to measure the 95% confidence intervals of
the vaccine efficacy.

The effect of vaccination on febrile illness is presented inThe association between vaccination status and disease out-
table 3. Among recruits, influenza vaccine was found to become was evaluated by means of the x2 test. Each outcome
moderately effective in lowering the number of reported illnesseswas defined as a dichotomous variable. We referred to all
(25.5%; 95% CI, 2.6–43.0; P Å .029) and more efficacious inrecruits and veteran soldiers as four groups, two of vaccinated
lowering the rate of reported fever (temperature, ú387C)soldiers (bases A and B and vaccinated soldiers at bases E–
(34.4%; 95% CI, 4.3–55.0; P Å .026) or fever associated withG) and two of nonvaccinated soldiers (bases C and D and
symptoms of upper respiratory tract infection (URTI) (40.2%;nonvaccinated soldiers at bases E–G), without stratification,
95% CI, 10.9–50.8; P Å .021). Vaccine efficacy was low andas the number of participants in each base was too small. The
statistically insignificant in preventing more prolonged fever.test was applied to recruits and to veteran soldiers separately,

and the results were combined with use of the Mantel-Haenszel Among veteran soldiers, vaccination was associated with
procedure for stratified analysis. The statistical tests were per- significantly fewer events of fever (temperature, ú387C). Vac-
formed with the software package ‘‘Computer Program for cine efficacy was higher in the categories of prolonged fever
Epidemiological Analysis’’ (PEPI, version 2.0; copyright Gah- and fever combined with URTI symptoms. The lowest signifi-
linger PM and Abramson JH, 1993–1995; USD, Stone Moun- cant efficacy was for fever alone (43.3%; 95% CI, 8.1–65.1;
tain, GA). P Å .02) and the greatest was for fever that lasted ú4 days

(73.4%; 95% CI, 26.2–90.4; P Å .006).
Analysis of the results for both groups, combined together,Results

demonstrated influenza vaccine efficacy to be low but signifi-
Isolation of Influenza Virus cant in preventing reported febrile illness (18.3%; 95% CI,

0.7–32.8; P Å .046) and higher in preventing fever aloneThe first isolation of influenza virus during the 1995–1996
(38.1%; 95% CI, 16.4–53.9; P Å .002). The highest vaccineseason in Israel was on 26 October 1995. Three isolates of
efficacy was in the prevention of fever associated with URTItype A(H3N2) influenza virus were obtained from six nasopha-
symptoms (41.6%; 95% CI, 20.4–57.2; P õ .001).ryngeal swab specimens that were sent to the laboratory. During

Physician visits and sick days. Vaccinated soldiers re-December, 95 nasopharyngeal swab specimens reached the
ported making fewer physician visits and having fewer sickcentral laboratory from six different military clinics. Thirty-
days than did nonvaccinated soldiers (table 3). Furthermore,five (36.8%) were positive for type A(H3N2) influenza virus,
the average number of physician visits was found to be smaller7 (7.4%) were positive for type A(H1N1), and 1 (1%) was

positive for type B. and the mean duration of illness was found to be shorter for
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Table 3. Effect of influenza vaccine on disease severity, physician visits, and sick days for Israeli recruits and veteran soldiers.

Fever* Reported §1
Vaccination Reported visit to a Reported §1

Study group status (n) illness Any duration ú2 d ú4 d With symptoms† physician sick day

Group 1 (recruits) Vaccinated (297) 64 (21.6) 35 (11.8) 30 (10.2) 15 (5.1) 31 (10.4) 49 (16.5) 46 (15.5)
Not vaccinated 111 (28.9) 69 (18.0) 58 (15.1) 21 (5.5) 67 (17.4) 75 (19.5) 69 (19.5)

(384)
Vaccine efficacy 25.5 34.4 33.1 7.7 40.2 15.5 13.4

(%)
95% CI 2.6–43.0 4.3–55 00.9–55.8 043.2–52.5 10.9–50.8 014.5–39.1 017.4–38.7
P value .029 .026 .054 .809 .021 .309 .392

Group 2 Vaccinated (387) 85 (22.0) 27 (7.0) 21 (5.4) 5 (1.3) 26 (6.7) 30 (7.8) 25 (6.5)
(veteran soldiers)

Not vaccinated 65 (24.3) 33 (12.3) 28 (10.5) 13 (4.9) 32 (11.9) 18 (10.4) 18 (6.7)
(268)

Vaccine efficacy 9.4 43.3 48.1 73.4 43.7 25.8 3.0
(%)

95% CI 016.7–31.8 8.1–65.1 10.5–69.9 26.2–90.4 7.8–65.7 017.4–54.6 042.2–46.4
P value .493 .02 .033 .006 .01 .232 .896

Both groups Vaccine efficacy 18.3 38.1 39.1 . . .§ 41.6 19.0 11.2
combined‡ (%)

95% CI 0.7–32.8 16.4–53.9 18.3–68.0 . . .§ 20.4–57.2 05.6–38.0 016.0–34.0
P value .046 .002 .004 . . .§ õ.001 .128 .429

NOTE. Data shown are numbers (%) of patients, except as otherwise indicated. The 95% CIs of the relative risk (RR) of vaccination were calculated and
used in the formula of 1-RR, in order to measure 95% CIs of vaccine efficacy. P values were calculated with use of the x2 test.

* Temperature of ú387C.
† Cough, rhinorrhea, or sore throat.
‡ Mantel-Haenszel procedure used.
§ Data not combined because of very different efficacy.

vaccinated soldiers. These findings were consistent in both ism from work by 36% [1]. Efficacy in our study was higher
when we examined fever combined with URTI symptoms.study groups but were not statistically significant.

The vaccine was found to be generally less efficacious in
recruits than in veteran soldiers. This could be partly explained
by the crowded living conditions in basic training camps. It isDiscussion
well known that recruits are more susceptible to infectious
diseases [16]. Another possibility is that because only veteranThis study demonstrates significant influenza vaccine efficacy

in preventing febrile illness during a period of considerable labo- soldiers were vaccinated against influenza in previous years,
there was some benefit from cross-protection for similar vac-ratory-confirmed virus circulation. The vaccine had a consistent

effect of lowering the number of physician visits and sick days. cine strains.
Ahmed and colleagues have suggested that influenza vaccineThis effect was not statistically significant, however, possibly

because of the low power of the study for this parameter. efficacy may be greater after repeated annual vaccination than
after the first administration [17]. Furthermore, some of theStudies of influenza vaccine performed in the 1950s showed

a protective efficacy of 40% to 90% in young, healthy adults nonvaccinated soldiers were vaccinated in the past but were
not in the season studied. A third explanation could be that the[11, 12]. In the 1980s and 1990s, influenza vaccine was consid-

ered to provide 65%–85% protection against influenza illness nonvaccinated among the veteran soldiers benefited from the
fact that some of their colleagues were vaccinated, thus produc-in young, healthy adults [13, 14]. On the other hand, a study

among hospital employees found that influenza vaccination had ing some herd immunity; recruits, on the other hand, were
composed of two different groups, vaccinated and nonvacci-no effect on the frequency of respiratory illness during influ-

enza season [10]. nated, living in separate training camps.
The study has potential limitations. First, we relied on sub-Although our results refer to febrile illness, they are consis-

tent with recently published data that revealed that the inacti- jects’ own reports as a measure of clinical outcome and vacci-
nation status. This limitation was dealt with by measuring thevated influenza vaccine was 56% effective in preventing school

absenteeism due to acute respiratory illness during the period questionnaire validity in two of the study subgroups, and it
was found to be satisfactory; furthermore, the misclassificationof peak influenza activity [9] and that vaccination against in-

fluenza decreased the frequency of URTI by 25% and absentee- of the outcome status was not differential for vaccinated and
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