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The objective of this study was to calculate Vaccine Effectiveness (VE) in healthcare workers (HCW) and to compare
VE between patients and HCW. A case-control investigation based on the prospective study was conducted between
2004 and 2009 in a teaching hospital. All HCW with influenza-like illness (ILI) from participating units (n = 24) were
included, and vaccination status was characterized by interview. A total of 150 HCW presented ILI; 130 (87%) were
female, 27 (18%) were positive for influenza, and 42 (28%) were vaccinated. Adjusted VE was 89% (95% Cl 39 to 98).
Among patients, adjusted VE was 42% (95% Cl —39 to 76). The difference of VE (VEncw - VEpar) Was 46.15% (95% Cl 2.41
to 144). The VE ratio (VEncw / VEpar) Was 2.09 (95% Cl —1.60 to 134.17). Influenza VE differed between HCW and patients
when the flu season was taken into account. This finding confirms the major impact of host determinants on influenza

VE.

Introduction

Influenza vaccine effectiveness (VE) is associated with deter-
minants related to the vaccine, to circulating virus strains and to
the host. VE is optimal when circulating and vaccine strains are
similar and when the host provides efficient immunological
responses. A meta-analysis determined that VE ranged between
50% to 80% in older children or adults' and was 23% against
influenza-like illness (ILI) in the elderly.2 A recent randomized
trial in adults 65 years or older showed that a high-dose, triva-
lent-inactivated influenza vaccine induced higher antibody
responses and better protection against influenza than a stan-
dard-dose vaccine.” These results indicate that vaccine dose
should be adapted for older patients. Age, underlying diseases,
immune function, malnutrition, pregnancy, and tobacco con-
sumption are host determinants which alter VE. '

Studies among young adults in good health reported VE rang-
ing from 70% to 90%.> Healthcare workers (HCW), an
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important target population for influenza vaccination, are usually
considered as healthy adults as well. Nevertheless, studies of VE
are scarce in this group. Influenza vaccination is highly recom-
mended in this population because they are exposed to flu from
patients but are also sources of infection for patients and col-
leagues.® A randomized controlled trial in HCW reported 88%
VE against serologically-defined influenza A and 89% against
influenza B” over 3 years.

It appears that VE differs according to host characteristics but,
to our knowledge, few data are available on concurrent VE esti-
mation between different populations coming from a similar
environment and adjusted to influenza season. Such differences
are more pronounced when specificity of the outcome is as high
as laboratory-confirmed influenza.' A case-control study of ILI
individuals negative for influenza virus, as the controls, provided
accurate VE estimates, and it remained a valid design.8 In addi-
tion, multiyear trials are encouraged to estimate vaccine efficacy
because of high incidence variability between years."
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Surveillance of nosocomial ILI and confirmed influenza was
implemented in Edouard Herriot Hospital, (Lyon, France) since
2004.° The vaccine status of included patients and HCW
between 2004 and 2009 was recorded. We previously reported
VE in confirmed influenza restricted to patients by influenza sea-
son.” We seized the occurrence of confirmed influenza cases
among HCW to conduct additional analyses, including estima-
tion of influenza VE in this population, and compared HCW

and patient VE, taking influenza season into account.

Results

HCW

A total of 150 HCW were included during the study period.
The characteristics of these subjects, reported in Table 1, did not
change with time. Eighty-six percent were women, and median
age was 38 years (27-58), with no difference by gender. Forty-
two (28%) HCW were vaccinated against influenza during the
study period with a range of vaccine coverage of 8% for the
2006-2007 season to 42% for the 2004—2005 season.

During the study, 27 HCW had confirmed influenza — 23
women (85.5%) and 4 men (14.8%) — and were considered as
cases. Twenty-two cases (81.4%) were infected with influenza A
and 5 with influenza B virus; 2 HCW (7.4%) with influenza
were vaccinated (2004-2005 flu season). Table 1 reports the

characteristics of cases and controls among HCW. Patient char-
acteristics, published previously,” are reported as well to facilitate
comparison between populations (Table 1).

Pooled vaccine coverage was 28% for the 5 seasons: it was
42%, 38%, 8%, 29% and 30% for the 2004—2005, 2005-2006,
2006-2007, 2007-2008 and 2008-2009 seasons, respectively
(Table 2). Vaccine coverage was 55% in the geriatric unit, com-
pared to 19% in other wards (p < 0.001) (Table 3). It was 50%
for medical doctors, and 24% for other HCW (p=10.015)
(Table 3). During the 2006-07 season, the vaccine coverage was
0% in the medical wards against 11%, 35%, 24% and 22% in
2004-05, 2005-06, 2007-08 and 2008-09 respectively. More-
over, 8% of HCW came from geriatric ward against 37%, 24%,
25% and 27% in 2004-05, 200506, 2007—08 and 2008-09

respectively.

VE in HCW and comparison with patients

VE among HCW was 72.2% (95% CI —103% to —96%)
for the 2004-2005 flu season. It was not calculated for other
seasons because no case occurred in vaccinated HCW.
Adjusted VE was 88.5% (95% CI 39% to 98%), indepen-
dently of patient age, gender and flu season (Fig. 1). VE was
91% (95% CI 33% to 99%) in HCW infected by influenza
A, and —101% (95% CI —3,300% to —87.3%) in those
infected by influenza B.

Table 1. Baseline characteristics of HCW with ILI and patients with or without confirmed influenza, at Edouard Herriot Hospital in Lyon, France, from 2004 to

2009
HCW with ILI Hospitalized patients with ILIP
HCW with HCW without Patients with Patients without
confirmed influenza influenza confirmed influenza influenza
Variables, N (%) n=27 (%) n=123 (%) P-value® n=43 (%) n=134 (%) P-value®
Gender
Male 4 (15) 16 (13) 0.760 8(19) 50 (37) 0.025
Female 23 (85) 107 (87) 35(81) 84 (6
Age (years)
Median (min-max) 42 (22-58) 37 (18-58) 0.800 74 (22-97) 80 (19-101) 0.024
Vaccination 2(7) 40 (33) 0.008 18 (42) 88 (66) 0.007
Co-morbidities 4(14.18) 30 (24) 0.324 37 (86) 120 (90) 0.581
Smoking 7 (26) 38 (31) 0.610 5(12) 13(10)n =130 0.776
Influenza season
2004-2005 8(30) 11 (9) 0.010 12 (28) 34 (25)
2005-2006 2(7) 35(28) 5(12) 51(38)
2006-2007 10 (37) 27 (22) 18 (42) 17 (13) <0.001
2007-2008 3(11) 21(17) 2 (5) 10 (8)
2008-2009 4 (15) 29 (24) 6(14) 22 (16)
Ward
Geriatrics 2(7) 32(26) 0.042 21 (49) 77 (58) 0.379
Other wards 25 (93) 91 (74) 22 (51) 57 (42)
Profession
Medical 2(7) 23 (19) 0.056 — — —
Paramedical 23 (85) 71 (58) — —
Administration 2(7) 19 (15) — —
Other 0 (0) 10 (8) — —

“Fisher’s exact test or Mann-Whitney test.
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Table 2. Characteristics of 150 HCW enrolled in ILI and confirmed influenza surveillance at Edouard Herriot Hospital, Lyon, 2004-2009

November 15 to April 15 (2004-2007)

January 1 to April 15 (2008-2008)

2004-2005 2005-2006 2006-2007 2007-2008 2008-2009

Variables n=19 (% n=37 (% n=37 (% n=24 (% n=33 (% Total n=150(%?)
Gender

Male 3(15.8) 4(10.8) 6 (15.0) 2(8.3) 5(15.2) 20(13.3)

Women 16 (84.2) 33(89.2) 31(83.8) 22 (91.7) 28(84.8) 130 (86.7)
Age (years) median (min-max) 42(23-58) 39 (21-58) 33 (18-52) 35.5 (21-54) 37 (27-58) 38 (18-58)
Vaccinated 8(42.1) 14 (37.8) 3(7.5) 7 (29.2) 10 (30.3) 42 (28.0)
Underlying disease 5(26.3) 11 (29.7) 6(16.2) 5(20.8) 7(21.2) 34 (22.7)
Tobacco use 2(10.5) 10 (73.0) 18 (48.6) 8(33.3) 7(21.2) 45 (30. 0)
Number of wards surveyed (n) 13 29 32 7 7
@Unless stated otherwise.
Table 3. Influenza vaccine coverage as percentage of HCW by flu season, Edouard Herriot Hospital, Lyon, France, 2004-2009

2004-2005 2005-2006 2006-2007 2007-2008 2008-2009 2004 to 2009

Influenza season n=19 n=37 n=37 n=24 n=33 N =150 P-value®®
Number of units (n) 13 29 32 7 7 37 —
Vaccinated individuals, % 42 38 8 29 30 28 —
By ward, %

Geriatrics 86 44 33 50 55 55 <0.001

Other wards 17 36 6 22 21 19
By professional category, %

Medical doctor 50 80 17 67 50 50 0.070

Other HCW 33 39 4 19 23 22

Administrative staff 50 17 25 0 50 32

Others — 0 0 67 0 20

?For the 5 seasons (n = 150)
PFisher’s exact test.

Adjusted VE was 42.3% (OR,gjused = 0.577) in vaccinated
patients (p < 0.001), as reported previously.” The difference of
VE (i.e. VEhew - VEp,) was 46.15% with 95% CI ranging
between 2.41 to 144. The VE ratio (i.e., VEycy / VE,,) was esti-
mated to be 2.09 with 95% CI ranging between —1.60 and
+134.17.

Discussion

The objectives of this study were to report flu VE in
HCW with a case-test, negative-control, prospective study
design and to compare VE among hospitalized patients in
similar flu seasons, meaning that both populations were
exposed to similar vaccine and virological strains in the com-
munity across time.

We found among HCW, a low influenza vaccination rate
(8%) during 2006-07. Moreover, only 8% of HCW came from
geriatric ward against 24% to 37% for the other seasons. This
may explain by the fact that the vaccination rate in geriatric ward
was higher compared to other wards. Previous studies have
reported that HCW in geriatric ward were more willing to be
vaccinated because of their awareness of the vulnerability of

www.tandfonline.com

elderly patients and willingness to protect them against hospital-
acquired influenza.®'°

We observed an adjusted VE of 88.5% among HCW com-
pared to 42% among patients in a previous work.” The difference
was statistically significant in the study population. The results

suggest that, under the hypothesis that HCW were considered as
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Figure 1. Comparison of vaccine effectiveness (VE) among HCW and
patients in 5 influenza seasons, Edouard Herriot Hospital, Lyon, France,
2004-2009. *Adjusted for age, gender and influenza season.
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a healthy population, being a patient was a strong determinant of
decreased of flu VE whatever the flu season, after adjustment for
age and gender. The ratio of VE (i.e., VEpq, / VE,.) was esti-
mated to be 2.09 with 95% CI ranging between —1.60 and
+134.17. This interval was too wide, which is why our estimates
should be interpreted with caution. However, it was clearly asym-
metrical, indicating a trend toward a 2-fold increase of VE in
HCW versus patients. This large interval was expected. Indeed,
in the denominator 1 - OR,. x 100, the 95% CI of adjusted
OR,,,; was broader than that of adjusted ORy,,, and contained 1
(95% CI 0.24 to 1.39). The latter point explains why the lower
boundary of the 95% CI of the VE ratio was negative.

These results emphasized that host determinants are essential
in influenza VE. They could explain various effects of vaccines in
different populations. Robust VE estimates are published annu-
ally.“’12 However, to our knowledge, such comparisons between
the populations investigated across time during the same influ-
enza season have never been reported.

The study design did not provide an opportunity to explore,
in detail, patient determinants associated with decreased VE.
However, the results indicate that the health status of populations
scheduled for vaccination, including age,3 is an important deter-
minant of vaccine impact. Different vaccination policies against
the same agent (i.e., influenza virus) might be suggested regard-
ing target populations. Moreover, vaccine composition or factors
improving immune responses might be research topics for
improved influenza protection. Patients for whom risk factors of
vaccine failure cannot be modified (i.e. age) could gain from such
new interventions.

This study had some limitations, the confounders for adjust-
ment were similar for HCW and patients, but specific informa-
tion regarding underlying diseases in the hospitalized population
was not available for HCW. While the survey was prospective
and standardized, the objective was mostly to describe incidence
rates of nosocomial ILI and flu® and not VE evaluation. How-
ever, the results are based on a prospective design less exposed to
bias and missing data; the research assistants involved in this
study were well trained for years, which might be a positive aspect
to control bias regarding data collection. Sample size was not
totally appropriate for testing such a hypothesis. Another limita-
tion related the 257 subjects (123 HCW and 134 patients) with
ILI not confirmed for influenza. Among them, 34 (13%) have
been infected by other virus. Furthermore, it is likely that bacte-
rial infections may have caused ILI. Therefore, we cannot exclude
a selection bias nor appraise if our estimates were under- or over-
estimated with the inclusion of these subjects. Finally, informa-
tion regarding type, name and vaccine manufacturer was not
collected.

Viral strains were analyzed in the National Reference Center
for Influenza for the South of France. Another positive point was
the concurrent/simultaneous collection of data on HCW and
patients, which gave us an opportunity to make relevant compari-
sons according to place and time.

In addition, we suggest that these results raised the issue of
what vaccine for what population? Do we need a flu vaccine for
healthy populations and a different one for individuals with
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underlying disease? Indeed, for the same agent, VE differed
according to the population targeted by the vaccine. Route of
administration, composition with or without adjuvant, various
epitope and other host characteristics, such as nutritional sta-
tus'>'* or specific underlying diseases,'” are interesting topics for
discussion but beyond the scope of this article.

In conclusion, with similar exposure to flu virus, VE differed
strongly between patients and HCW, suggesting that both vac-
cine specialists and general practitioners should take population
characteristics into account to anticipate flu VE. This type of ana-
lyze of VE might be interesting to implement for exploring simi-
lar issues for other vaccines.

Materials and Methods

Study design and population

A case-control study, nested in a prospective influenza surveil-
lance program detailed elsewhere,® was conducted at University
of Lyon’s Edouard Herriot Hospital in France during the 2004-
2005 to 2008-2009 flu seasons. All hospital wards were invited
to participate before each season. In 2004-2005, 2005-20006,
2006-2007, 2007-2008 and 2008-2009, 13 (224 beds), 29
(493 beds), 32 (537 beds) and 7 (114 beds) wards respectively
from the surgery, medicine (including geriatrics), obstetrics-gyne-
cology, and intensive care specialties agreed to join in. The study
period was defined according to alert thresholds of the French
national TLI'® and influenza'” surveillance networks. The study
was conducted from October 15 to April 15 in 2004-05, 2005—
06 and 200607, and from January 1 to April 15 in 2007-08 to
2010-11.

Included were adult patients and HCW aged 18 years or
older, with ILI at admission or during hospitalization, who
agreed to be enrolled. Patients less than 18 years old were
excluded. All patients and HCW received written information
about the study, and were asked to participate with signed,
informed consent. A nasal swab was taken to confirm influenza
in every individual included in the study (see below). A detailed
description of included patients can be found elsewhere.” The
following will focus on enrolled HCW only.

HCW with ILI were defined as presenting with rectal or
axillary temperature >37.8°C, in the absence of antipyretics,
together with cough or sore throat. Cases were HCW who
met these inclusion criteria and were positive for influenza,
whereas controls were HCW subjected to the same inclusion
criteria but with negative results for influenza virus detection
(see below). HCW for whom vaccination status was not
documented and/or nasal swabs and diagnosis were not
undertaken were excluded.

Data were collected prospectively for each season, and each
participating ward was followed actively by research nurses of the
infection control team in conjunction with a collaborating HCW
in each ward.® Rescarch nurses contacted every participating
ward twice a week to ascertain if ILI occurred, and the collaborat-
ing HCW in each ward was also asked to report every probable
case to the infection control unit.
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The following information was collected for each HCW with
ILL: work schedule, underlying diseases, start and stop date of
clinical ILI features, treatments against ILI, influenza vaccination
status and date of vaccination. Information was obtained by
interview and completed with medical records from the occupa-
tional health department.

Virological diagnosis

A nasal swab was collected for laboratory virological diag-
nosis of influenza from each included HCW. The swabs
were immediately sent to an in-hospital lab which is the
national reference center of influenza for the South France
area. The nasal swabs were taken by Virocult kit. Antigens
for influenza A and B viruses were identified by immuno-
capture enzyme-linked immunosorbent assay (ICE). In addi-
tion, virus cultures were produced by inoculating the
samples on fibroblastic MRC-5, lipid metabolism of monkey
kidney cells (LLC-MK2), Madin-Darby canine kidney
(MDCK), epithelial HEp-2 and Vero cells. Antigens were
detected on MDCK cells by ICE after 5 days of culture.
Influenza A and B viruses were also detected by reverse tran-
scription-polymerase chain reaction. A nasal swab was con-
sidered positive if at least 1 of these 3 tests was positive for
influenza. It was deemed negative if all 3 tests were negative.
HCW with negative results were designated as controls in
this analysis.

Statistical analysis

Categorical variables were reported as percentages and com-
pared by Fisher’s exact test. Continuous variables were analyzed
as medians (min-max) and compared by the Mann-Whitney test.
VE was estimated as 1 — odds ratio (OR) x 100, with OR being
calculated by logistic regression. A protective effect was assumed
in case of positive VE with 95% confidence interval (95% CI)
that excluded 0. To evaluate VE independently of confounding
factors, an adjusted VE and its 95% CI were also calculated. This
model was applied by step-wise backward removal with inclusion
of age, gender, influenza season and all variables with 2 < 0.1 val-
ues. The adjusted model was built similarly to the adjusted model
used for VE among patients.” Adjustments were made for age,
gender and influenza season.

VE ratio and the difference in VE was calculated with its
95% CI by the bootstrap method with Bias corrected and
accelerated (BCa) method '®'? and with stratification on sea-
son and the status of participants (HCW or patients). The
interaction with age and vaccination was tested. The final
model excluded the age-vaccination effect interaction. These
analyses were conducted by SPSS 17.0 for Windows and
Stata software version 13.1 (Stata Corp., College Station,
TX, USA).
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