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Abstract

Background—Observational studies of influenza vaccine effectiveness (VE) are increasingly 

using the test-negative design. Studies are typically based in outpatient or inpatient settings, but 

these two approaches are rarely compared directly. The aim of our study was to assess whether 

influenza VE estimates differ between inpatient and outpatient settings.

Methods—We searched the literature from Medline, PubMed and Web of Science using a 

combination of keywords to identify published studies of influenza VE using the test-negative 

design. Studies assessing any type of influenza vaccine among any population in any setting were 

considered, while interim studies or re-analyses were excluded. Retrieved articles were reviewed, 

screened and categorized based on study setting, location and influenza season. We searched for 

parallel studies in inpatient and outpatient settings that were done in the same influenza season, in 

the same location, and in the same or similar age groups. For each of the pairs identified, we 

estimated the difference in VE estimates between settings, and we tested whether the average 

difference was significant using a paired t-test.

Results—In total 25 pairs of estimates were identified that permitted comparisons between VE 

estimates in inpatient and outpatient study settings. Within pairs, the prevalence of influenza was 

generally higher among patients enrolled in the outpatient studies, while influenza vaccination 

coverage among the test-negative control groups was generally higher in the inpatient studies. 

There was no heterogeneity in the paired differences in VE, and the pooled difference in VE 

between inpatient and outpatient studies was −2% (95% confidence interval: −12%, 10%).

Conclusions—We found no differences in VE estimates between inpatient and outpatient 

settings by studies using the test-negative design. Further research involving direct comparisons of 

VE estimates from the two settings in the same populations and years would be valuable.
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1. Introduction

Influenza viruses are associated with a substantial disease burden of both medically attended 

ambulatory care and hospitalizations [1,2]. Vaccination is the best means of preventing 

influenza virus infections, but influenza vaccine effectiveness (VE) may differ from year to 

year and among different populations. Recently, there have been increasing numbers of 

studies estimating influenza VE using the test-negative design [3]. In this study design, 

patients are enrolled in outpatient clinics and/or hospitals based on a clinical case definition 

such as acute respiratory illness (ARI) or other syndromes consistent with influenza virus 

infections. Patients are then tested for influenza virus, and VE is estimated from the odds 

ratio comparing the odds of vaccination among patients testing positive for influenza versus 

those testing negative, adjusting for potential confounding factors. This study design is 

believed to be valid under a range of scenarios [4,5]. Importantly, this design is easy to 

implement in both inpatient and outpatient settings.

Estimates obtained from inpatient and outpatient settings in the same population may be 

expected to differ for several reasons. First, patients presenting to hospitals may present later 

in infection, may be older and may be more likely to be co-infected with another respiratory 

virus. There may therefore be a greater number of false negatives due to reduced viral 

shedding with time and age [6]. Such reduced sensitivity in case ascertainment can result in 

attenuation of the odds ratio [3]. In addition, patients at the highest risk of hospitalization, if 

infected, may be less protected by the vaccine because of poorer VE in people of older age 

[7] or immunosuppression as a result of chronic underlying conditions [8]. Furthermore, VE 

estimates between settings may also differ according to vaccine type or brand used. 

However, few previous studies have directly compared estimates in hospital-based studies 

with those from outpatient-based studies [9,10].

The aim of this study was to compare directly the VE estimates obtained from studies based 

in hospitalized patients with studies that recruited patients in an outpatient setting, using the 

test-negative design. Because VE can vary from location to location and from year to year, 

and by age, we intended to focus on comparisons of VE estimates from the same location 

and influenza season and in the same or similar age groups.

2. Methods

2.1. Study search and selection

We previously conducted a review of test-negative studies of influenza VE [3]. All papers 

identified as meeting the search criteria in that study were also included in the present 

analysis. The first online searches were updated on 22 July 2015. A second search was done 

on 28 December 2015. Papers were searched on Medline, PubMed and Web of Science for 

the following key words:

1. “Influenza” OR “flu”.

2. “Vaccine effectiveness” OR “VE”.

3. “Test-negative” OR “test negative” OR “case-control” OR “case control”.
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4. 1, 2 and 3.

Consistent with our previous study, only studies using the test-negative design on any type of 

influenza vaccination were considered. Articles that did not use a test-negative design, were 

a reanalysis of previously published data, or reported only interim estimates were excluded. 

Articles were restricted to English. Two reviewers (SF and SGS) independently retrieved and 

identified articles fitting the inclusion criteria. All studies meeting the inclusion criteria were 

reviewed for study setting (inpatient, outpatient or both), influenza season, and geographic 

location. Studies which pooled results for inpatients and outpatients and did not provide any 

breakdown were not considered further. The remaining articles were then grouped according 

to the season and location. Within these groups, studies were further scrutinized to identify 

pairs or triplets of papers from the same location and influenza season that reported VE 

estimates for the same influenza type/subtype and the same or similar age groups.

Study design features were abstracted using a standardized form. We extracted information 

on study location, setting, season, surveillance system, circulating influenza type/subtype, 

type of influenza vaccine, population age or age group, interval since onset to presentation, 

definitions of comorbidities, number of influenza positive and negative included in primary 

analysis, number of vaccinated among each group, and the statistical model used. Adjusted 

VE estimates were abstracted for influenza overall or the type/subtype common to both 

studies in each pair and, where possible, for specific age groups. To minimize discrepancies 

associated with different cut-points for age groupings in study pairs, we contacted authors 

and requested re-estimation of VE for consistent age groups within each pair.

2.2. Study comparison

To examine whether there were any significant differences in VE point estimates against 

influenza overall or by type/subtype within study pairs, we used a paired student t-test 

comparing the differences between the VE estimates of inpatient settings with those of 

outpatient settings for all pairs. For each study pair, the difference in VE estimates (ΔVE) 

was calculated as

where VEip was the VE estimated in the inpatient study and VEop was the VE estimated in 

the outpatient study. 95% confidence intervals for ΔVE were calculated by bootstrapping, 

using 1000 resamples [11]. Pooled ΔVE estimates against influenza A or B were calculated 

after removing estimates on duplicated age groups, assuming a fixed effects model, and 

heterogeneity was examined by I2 and Cochran's Q test. Considering heterogeneity on 

severity and VE may differ between influenza type/subtype, pooled ΔVE estimates against 

influenza by type/subtype were also calculated. To examine if variation exists between 

countries, we estimated country-stratified pooled ΔVE if more than one pair was available. 

Differences in study design features were compared by whether the ΔVE was positive or 

negative. All analyses were conducted using R version 3.1.1 (R Foundation for Statistical 

Computing, Vienna, Austria).
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3. Results

A total of 85 full-text articles were retrieved from the previous systematic review [3], to 

which a further 35 articles were added from the updated search to give a total of 120 

published test-negative studies. Grouping studies by location, season, age group and VE 

estimates by type/subtype, we identified 8 study pairs/triplet from a total of 14 publications 

[9,10,12–23] (Table 1, Fig. 1). These 8 pairs/triplet included VE estimates from five 

countries: Australia (n = 2), Canada (n = 1), USA (n = 1), Spain (n = 2), and New Zealand (n 
= 2) (Fig. 1). Of the Australian triplet, one inpatient study was paired with two different 

outpatient studies, and VE estimates against all influenza and H1N1 virus were compared, 

respectively (Table 1) [12,13,20]. One study in Spain and two studies in New Zealand 

reported estimates from both inpatient and outpatient settings and were thus self-paired 

(Table 1) [9,10,23]. In summary 14 studies were included which contributed 7 pairs and 1 

triplet, providing 25 pairs of VE estimates available for further analysis (Fig. 1, Table 2).

The 14 studies reported VE estimates in five influenza seasons from 2010 to 2014 (Table 1). 

In some cases, the geographic locations from which patients were recruited were not exactly 

the same. For example, of the study triplet from Australia, inpatient estimates at a national 

level were compared with outpatient estimates at a regional level [12,13,20]. The periods 

during which patients were recruited were closely aligned. With the exception of the three 

self-paired studies, all study pairs used a different clinical case definition, included different 

variables in their statistical model, and specified their variables differently (Table 1) 

[9,10,23]. Intervals from illness onset to presentation varied between settings, with most 

outpatient studies restricted to 7 days since onset, while four among eight inpatient studies 

did not have a restriction [14,16,21,24].

Among 25 pairs of VE estimates, 14 estimates were against all influenza while the other 11 

were for particular influenza types/subtypes (Figs. 1 and 2). All pairs were matched based 

on having the same age range of patients except for one pair in Canada (Table 2) [14,15]. 

Fourteen pairs provided VE estimates for patients of all ages [9,10,21–23], two pairs on 

children eligible for influenza vaccine [9,23], six pairs focused on adults [9,12,13,16–20,23], 

and four pairs were restricted to elderly adults aged ≥50 or ≥65 years old (Fig. 1, Table 2) 

[9,14,15,18,19,23]. Although most (n = 24) age ranges were the same, the mean/median age 

included in each study was rarely reported, so we could not ascertain whether there was a 

substantial difference in the age distributions. The proportions of patients with high risk 

conditions were always higher among inpatient settings when comparisons were possible. In 

one case, in the pair of studies conducted in Spain in the 2011–2012 season, only patients in 

a target group for vaccination were recruited for the outpatient study [14,15]. Among 14 

pairs comparing influenza overall, the proportion of patients testing positive for any 

influenza virus ranged from 9.5% to 33.3% in inpatient settings, and from 14.0% to 60.7% 

in outpatient settings. The proportion of any influenza positive cases was higher in 

outpatient settings in most pairs (n = 12; Table 2), while one pair from Australia reported 

significantly lower influenza positivity among outpatients [12,13]. In contrast, vaccination 

coverage obtained from either influenza-positive cases or influenza-negative controls was 

generally higher among inpatients. Among influenza-negative controls (n = 14), vaccination 
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coverage in the inpatient control group was more than 20 percentage points higher in 6 pairs 

than among the corresponding outpatient control group [9,12–17,21–23].

VE estimates in both settings demonstrated a modest to high effectiveness of influenza 

vaccine (Table 2, Fig. 2). Using a paired student t-test to compare 25 pairs of VE estimates, 

we found that there was no significant difference in VE estimates between inpatient and 

outpatient setting (p = 0.840) and no significant difference in VE against influenza A or B (p 
= 0.755). Within each pair, confidence intervals overlapped with ΔVE across zero except one 

pair from New Zealand estimating VE for children aged 6 months to 17 years (Fig. 2). Point 

estimates of ΔVE against any influenza virus ranged from −110% to 119%, and ranged from 

−29% to 31% against influenza by type/subtype. In meta-regression, we removed estimates 

by age group when overall estimates available, restricted to VE estimates against any 

influenza virus, and I2 and Cochran's Q test implied no heterogeneity. Pooled ΔVE from 

seven pairs was −2% (−12%, 10%), consistent with no substantial differences between VE 

estimates in hospital-based studies or outpatient studies (Fig. 2). The number of pairs was 

not enough to conduct a meta-regression to identify whether certain study design features 

were associated with positive or negative ΔVE. However, univariate analyses suggested there 

were no clear patterns. For example, studies which used differing age ranges, different 

statistical models, different variable specification, different restriction criteria or a different 

study period were balanced by ΔVE (Table 2). Pooled ΔVE was −5% (95% CI: −28%, 18%) 

against H1N1, −21% (95% CI: −45%, 4%) against H3N2, and 16% (95% CI: −7%, 39%) 

against influenza B, with three pairs pooled from each type/subtype. When stratified by 

country, we were able to estimate pooled ΔVE from Australia, Spain and New Zealand. For 

each country, the confidence interval of the pooled ΔVE crossed zero (Australia: 7% (95% 

CI: −12%, 30%); Spain: −18% (95% CI: −44%, 13%); New Zealand: −8% (95% CI: −27%, 

10%)). No country-specific patterns were observed, but the number of pairs was small.

4. Discussion

From 120 articles assessing influenza VE using the test-negative design, we identified 14 

publications with suitable information for paired comparison of VE estimates between 

inpatient and outpatient settings. Based on 25 pairs of VE estimates for 5 countries from 

2010 to 2013, despite some absolute differences within many pairs, we found no evidence of 

substantial statistical difference in the VE estimates in the inpatient study and the outpatient 

study, with pooled ΔVE = −2% (95%CI: −12%, 10%).

Studies included varied in clinical case definitions, statistical models, variable specification 

and exclusion criteria. Nevertheless, the tendency for ΔVE to be positive or negative was not 

clearly associated with any differences in design features among studies. In outpatient 

settings, patients with medically attended influenzalike illness (ILI) or ARI were recruited, 

while in inpatient settings, patients could be hospitalized with severe acute respiratory 

illness (SARI) or any condition potentially related to influenza, with or without ARI/ILI and 

with varying time frames since symptoms onset. These variations in clinical case definition 

in inpatient populations may mean that among the hospitalization studies included, the 

patient populations were quite different and may have different distributions of confounding 

factors between test-positive and test-negative patients. It would be interesting to continue 
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this comparison within strata using standardized clinical case definitions for inpatients. Such 

studies should also account for relevant confounding factors, which were not always done in 

the studies included here.

We found that influenza positivity was generally lower among hospitalized patients. One 

potential reason is that inpatient studies may include proportionately more false test-

negatives due to longer delays between illness onset and admission. As reported by a meta-

analysis, the average duration of viral shedding was about 5 days since illness onset [6], 

while only three of eight inpatient studies restricted interval since symptoms onset to 7 days. 

This also may be partly affected by the age mix of patients within each matched pair. 

Although estimates were matched based on the same or a similar age group, the age 

distribution within each study was unclear. Thus, there may have been heterogeneity in viral 

load and shedding, and proportion influenza-positive [6,25].

In contrast, vaccination coverage among influenza-positive cases and influenza-negative 

controls was generally higher among inpatients. This is likely indicative of high risk status 

because hospitalized patients have severe disease and may therefore be more likely to be in a 

group indicated for vaccination. In the countries from which the included studies were 

derived, vaccination was provided free-of-charge to the elderly, and in most of these 

countries was also provided to people with high-risk conditions.

Except for one pair of VE estimates for children from New Zealand, we did not find any 

evidence of heterogeneity between VE estimates for all types/subtypes or in analyses 

stratified by type/subtype against hospitalization or outpatient consultations among each of 

the pairs. In the New Zealand study, the difference might be associated with residual 

confounding, and the authors of that article could not explain the observation [23]. Our 

findings are consistent with previous studies examining a broad range of assumptions of test-

negative studies by modeling methods [5], and indicate that the test-negative design provides 

similar estimates of influenza VE in inpatient settings compared to the estimates that can be 

obtained from test-negative studies in outpatient settings (Fig. 2). Nevertheless, the tests 

used to detect heterogeneity may not have had high sensitivity with so few studies [26].

Inactivated influenza vaccines were the most frequently used types of vaccine in the studies 

reported here. Our findings are consistent with the view that inactivated influenza vaccines 

provide moderate protection against infection but do not provide any additional protection 

against severe disease requiring hospitalization if breakthrough infection (vaccine failure) 

occurs [27,28].

This study was limited by the few studies available that could be paired. While test-negative 

studies have been done in many other locations in outpatient setting, few studies have been 

reported in inpatient settings. A further barrier to effective matching was the use of slightly 

different age ranges for estimates. Where possible inpatient and outpatient VE estimates 

should be reported using comparable age groups. A further limitation arose from the use of 

inexact matching on geographical areas. In small countries, strain circulation may not differ 

very much among regions. However, for large countries like Australia and Canada, the 
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influenza seasons may differ somewhat across the country. Thus, matching a state or 

province estimate with a country-wide estimate may not be appropriate.

In conclusion, we did not observe substantial statistical heterogeneity between VE estimates 

in inpatient settings and outpatient settings based on 25 pairs of VE estimates against all 

influenza or by type/subtype from 14 published test-negative studies. After matching by 

season, geographic region and age group, VE estimates obtained from inpatient settings 

were not consistently higher than those from outpatient settings. Our study indicates that the 

application of the test-negative design in hospital settings tends to give similar estimates of 

VE compared to test-negative studies in outpatient settings (to within 10 percentage points). 

Further research involving direct comparisons of VE estimates from the two designs in the 

same populations and years would be valuable.
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Fig. 1. 
Flow chart of identification of eligible studies for comparing VE estimates between inpatient 

and outpatient settings using the test-negative design.
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Fig. 2. 
Comparison of VE estimates against influenza overall or by type/subtype between 25 

matched pairs.

Feng et al. Page 11

Vaccine. Author manuscript; available in PMC 2017 March 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Feng et al. Page 12

Ta
b

le
 1

C
om

pa
ri

so
n 

of
 s

tu
dy

 d
es

ig
n 

be
tw

ee
n 

in
pa

tie
nt

 a
nd

 o
ut

pa
tie

nt
 s

et
tin

gs
 f

ro
m

 1
4 

pu
bl

ic
at

io
ns

.

St
ud

y
C

ou
nt

ry
Se

as
on

Se
tt

in
g

C
as

e 
de

fi
ni

ti
on

In
te

rv
al

 s
in

ce
 o

ns
et

D
om

in
an

t 
ty

pe
/s

ub
ty

pe
b

V
ac

ci
ne

 m
at

ch
c

T
im

e 
in

 m
od

el
C

om
or

bi
d 

in
 m

od
el

%
 w

it
h 

hi
gh

-r
is

k 
co

nd
it

io
n

C
he

ng
 e

t a
l. 

[1
2]

A
us

tr
al

ia
20

10
In

pa
tie

nt
A

dm
is

si
on

U
nr

es
tr

ic
te

d
H

1p
dm

Y
es

Fo
rt

ni
gh

t
Y

es
79

%

L
ev

y 
et

 a
l. 

[1
3]

W
es

te
rn

 A
us

tr
al

ia
O

ut
pa

tie
nt

IL
I

≤4
d

W
ee

k
N

o
N

A

Fi
el

di
ng

 e
t a

l. 
[2

0]
V

ic
to

ri
a,

 A
us

tr
al

ia
O

ut
pa

tie
nt

IL
I

≤4
d

M
on

th
N

o

K
w

on
g 

et
 a

l. 
[1

4]
O

nt
ar

io
, C

an
ad

a
20

10
–2

01
1

In
pa

tie
nt

A
dm

is
si

on
U

nr
es

tr
ic

te
d

H
3

Y
es

M
on

th
Y

es
≥7

2.
8%

d

Sk
ow

ro
ns

ki
 e

t a
l. 

[1
5]

C
an

ad
a

O
ut

pa
tie

nt
IL

I
≤7

d
W

ee
k

Y
es

34
.9

%

Pu
ig

-B
ar

be
rà

et
 a

l.a
 [

16
]

V
al

en
ci

a,
 S

pa
in

20
11

–2
01

2
In

pa
tie

nt
IL

I
N

ot
 s

pe
ci

fi
ed

H
3

N
o

W
ee

k
N

o
88

%

Ji
m

en
ez

-J
or

ge
 e

t a
l.a

 [
17

]
Sp

ai
n

O
ut

pa
tie

nt
IL

I
≤7

d
W

ee
k 

(c
at

)
N

o
62

.9
%

Ta
lb

ot
 e

t a
l. 

[1
8]

Te
nn

es
se

e,
 U

SA
20

11
–2

01
2

In
pa

tie
nt

A
R

I
≤1

0d
H

3
N

o
O

ns
et

 to
 a

dm
is

si
on

Y
es

86
%

O
hm

it 
et

 a
l. 

[1
9]

U
SA

O
ut

pa
tie

nt
A

R
I

≤7
d

Fo
rt

ni
gh

t
Y

es
25

.4
%

C
he

ng
 e

t a
l. 

[2
1]

A
us

tr
al

ia
20

12
In

pa
tie

nt
A

dm
is

si
on

N
ot

 s
pe

ci
fi

ed
H

3
N

o
N

ot
 s

pe
ci

fi
ed

Y
es

83
.2

%

Su
lli

va
n 

et
 a

l. 
[2

2]
A

us
tr

al
ia

O
ut

pa
tie

nt
IL

I
N

ot
 s

pe
ci

fi
ed

M
on

th
N

o
N

A

M
ar

tin
ez

-B
az

 e
t a

l. 
[1

0]
N

ar
ra

va
, S

pa
in

20
12

–2
01

3
In

pa
tie

nt
IL

I
≤7

d
B

Y
es

M
on

th
Y

es
N

A

M
ar

tin
ez

-B
az

 e
t a

l. 
[1

0]
N

ar
ra

va
, S

pa
in

O
ut

pa
tie

nt
IL

I
≤7

d
M

on
th

Y
es

N
A

T
ur

ne
r 

et
 a

l. 
[9

]
A

uc
kl

an
d,

 N
ew

 Z
ea

la
nd

20
13

In
pa

tie
nt

SA
R

I
≤7

d
H

3
Y

es
W

ee
k

Y
es

64
.5

%

T
ur

ne
r 

et
 a

l. 
[9

]
A

uc
kl

an
d,

 N
ew

 Z
ea

la
nd

O
ut

pa
tie

nt
IL

I
≤7

d
W

ee
k

Y
es

N
A

Pi
er

se
 e

t a
l. 

[2
3]

A
uc

kl
an

d,
 N

ew
 Z

ea
la

nd
20

14
In

pa
tie

nt
SA

R
I

≤7
d

H
1p

dm
Y

es
T

im
in

g 
of

 th
e 

in
te

rv
en

tio
n 

to
 p

ea
k 

of
 s

ea
so

n
Y

es
51

%

Pi
er

se
 e

t a
l. 

[2
3]

A
uc

kl
an

d,
 N

ew
 Z

ea
la

nd
O

ut
pa

tie
nt

IL
I

≤7
d

T
im

in
g 

of
 th

e 
in

te
rv

en
tio

n 
to

 p
ea

k 
of

 s
ea

so
n

Y
es

26
%

a E
nr

ol
le

d 
pa

tie
nt

s 
ta

rg
et

ed
 f

or
 in

fl
ue

nz
a 

va
cc

in
at

io
n.

 C
as

es
 w

er
e 

po
si

tiv
e 

fo
r 

in
fl

ue
nz

a 
A

(H
3N

2)
 v

ir
us

.

b In
fo

rm
at

io
n 

re
tr

ie
ve

d 
ei

th
er

 f
ro

m
 s

tu
di

es
 o

r 
th

e 
W

H
O

 w
eb

si
te

.

c In
fo

rm
at

io
n 

re
tr

ie
ve

d 
ei

th
er

 f
ro

m
 s

tu
di

es
 o

r 
th

e 
W

H
O

 w
eb

si
te

.

d 72
.8

%
 w

as
 th

e 
pe

rc
en

ta
ge

 o
f 

su
bj

ec
ts

 w
ith

 c
hr

on
ic

 c
ar

di
ov

as
cu

la
r 

di
se

as
e.

Vaccine. Author manuscript; available in PMC 2017 March 29.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Feng et al. Page 13

Ta
b

le
 2

C
om

pa
ri

so
n 

of
 s

tu
dy

 la
bo

ra
to

ry
 r

es
ul

ts
, v

ac
ci

na
tio

n 
co

ve
ra

ge
 a

nd
 v

ac
ci

ne
 e

ff
ec

tiv
en

es
s 

be
tw

ee
n 

in
pa

tie
nt

 a
nd

 o
ut

pa
tie

nt
 s

et
tin

gs
 f

ro
m

 2
5 

pa
ir

s 
of

 e
st

im
at

es
.a

St
ud

y
A

ge
 g

ro
up

In
fl

ue
nz

a 
ty

pe
/s

ub
ty

pe
N

o.
 o

f 
po

si
ti

ve
/n

eg
at

iv
e

D
if

fe
re

nc
e 

of
 t

es
t-

po
si

ti
ve

 p
ro

po
rt

io
n 

(9
5%

 C
I)

N
o.

 o
f 

va
c/

po
s

V
ac

ci
ne

 c
ov

er
ag

e 
(a

m
on

g 
te

st
-p

os
it

iv
e)

N
o.

 o
f 

va
c/

ne
g

V
ac

ci
ne

 c
ov

er
ag

e 
(a

m
on

g 
te

st
-n

eg
at

iv
e)

D
if

fe
re

nc
e 

of
 v

ac
ci

na
ti

on
 c

ov
er

ag
e 

(9
5%

 C
I)

b
A

dj
us

te
d 

V
E

 (
95

%
 C

I)
Δ

V
E

 (
95

%
 C

I)

C
he

ng
 e

t a
l. 

[1
2]

≥1
8y

A
 o

r 
B

19
9/

39
8

10
%

 (
4%

, 1
6%

)
57

/1
99

29
%

21
3/

39
8

54
%

30
%

 (
23

%
, 3

7%
)

32
%

(−
9%

, 5
7%

)
−

31
%

 (
−

76
%

, 2
4%

)

L
ev

y 
et

 a
l.a

 [
13

]
88

/2
96

7/
88

8%
70

/2
96

24
%

21
%

 (
13

%
, 2

9%
)

63
%

 (
12

%
, 8

4%
)

K
w

on
ge

t a
l. 

[1
4]

65
+

y
A

 o
r 

B
56

9/
16

61
−

9%
(−

14
%

, −
4%

)
23

8/
56

9
42

%
93

4/
16

61
56

%
21

%
 (

14
%

, 2
8%

)
42

%
 (

29
%

, 5
3%

)
16

%
 (

−
18

%
, 7

0%
)

Sk
ow

ro
ns

ki
 e

t a
l. 

[1
5]

50
+

y
11

6/
22

2
37

/1
16

32
%

78
/2

22
35

%
10

%
 (

1%
, 1

9%
)

26
%

 (
−

28
%

, 5
7%

)

Ta
lb

ot
 e

t a
l. 

[1
8]

≥1
8y

A
 o

r 
B

17
/1

52
−

4%
 (

−
14

%
, 4

%
)

6/
17

35
%

97
/1

52
64

%
17

%
 (

9%
, 2

5%
)

71
%

(1
7%

, 9
5%

)
24

%
 (

−
64

%
, 5

2%
)

O
hm

it 
et

 a
l. 

[1
9]

38
0/

22
35

12
2/

38
0

32
%

10
55

/2
23

5
47

%
3%

 (
−

20
%

, 2
6%

)
47

%
 (

31
%

, 5
9%

)

Ta
lb

ot
 e

t a
l. 

[1
8]

≥5
0y

A
 o

r 
B

13
/1

24
−

5%
(−

1%
, 0

%
)

5/
13

39
%

89
/1

24
72

%
10

%
(1

%
, 1

9%
)

77
%

 (
24

%
, 9

8%
)

28
%

 (
−

87
%

, 6
1%

)

O
hm

it 
et

 a
l. 

[1
9]

14
9/

91
7

64
/1

49
43

%
56

3/
91

7
61

%
−

4%
 (

−
32

%
, 2

4%
)

49
%

 (
24

%
, 6

6%
)

M
ar

tin
ez

-B
az

 e
t a

l. 
[1

0]
A

ll 
ag

es
A

 o
r 

B
53

/1
33

−
32

%
(−

40
%

, −
24

%
)

11
/5

3
21

%
55

/1
33

41
%

3%
 (

−
8%

, 1
4%

)
74

%
 (

33
%

, 9
0%

)
19

%
 (

−
28

%
, 7

5%
)

M
ar

tin
ez

-B
az

 e
t a

l. 
[1

0]
31

7/
20

5
14

/3
17

4%
78

/2
05

38
%

16
%

 (
5%

, 2
7%

)
55

%
 (

1%
, 8

0%
)

T
ur

ne
r 

et
 a

l. 
[9

]
A

ll 
ag

es
A

 o
r 

B
22

4/
81

8
−

11
%

(−
14

%
, −

8%
)

82
/2

24
37

%
37

2/
81

8
46

%
28

%
 (

24
%

, 3
2%

)
52

%
 (

32
%

, 6
6%

)
−

4%
 (

−
28

%
, 2

1%
)

T
ur

ne
r 

et
 a

l. 
[9

]
48

2/
10

13
44

/4
82

9%
17

7/
10

13
18

%
28

%
 (

21
%

, 3
5%

)
56

%
 (

34
%

, 7
0%

)

T
ur

ne
r 

et
 a

l. 
[9

]
6m

-1
7y

A
 o

r 
B

51
/3

06
−

17
%

(−
22

%
, −

12
%

)
2/

51
4%

40
/3

06
13

%
5%

 (
1%

, 9
%

)
78

%
 (

2%
, 9

5%
)

22
%

 (
−

55
%

, 7
3%

)

T
ur

ne
r 

et
 a

l. 
[9

]
21

5/
47

6
10

/2
15

5%
37

/2
15

8%
−

1%
(−

7%
, 5

%
)

56
%

 (
6%

, 7
9%

)

T
ur

ne
r 

et
 a

l. 
[9

]
18

-6
4y

A
 o

r 
B

10
2/

28
5

−
7%

(−
13

%
, −

1%
)

26
/1

02
26

%
14

5/
28

5
51

%
30

%
 (

23
%

, 3
7%

)
61

%
 (

34
%

, 7
7%

)
6%

 (
−

26
%

, 4
0%

)

T
ur

ne
r 

et
 a

l. 
[9

]
24

8/
48

9
24

/2
48

10
%

10
1/

48
9

21
%

16
%

 (
7%

, 2
5%

)
55

%
 (

24
%

, 7
3%

)

T
ur

ne
r 

et
 a

l. 
[9

]
≥6

5y
A

 o
r 

B
71

/2
27

−
5%

(−
17

%
, 7

%
)

54
/7

1
76

%
18

7/
22

7
82

%
1%

 (
−

11
%

, 1
3%

)
34

%
 (

−
25

%
, 6

6%
)

−
42

%
 (

−
10

4%
, 2

4%
)

T
ur

ne
r 

et
 a

l. 
[9

]
19

/4
8

10
/1

9
53

%
39

/4
8

81
%

24
%

 (
−

1%
, 4

9%
)

76
%

 (
15

%
 9

3%
)

Pi
er

se
 e

t a
l. 

[2
3]

A
ll 

ag
es

A
 o

r 
B

30
4/

73
5

−
12

%
(−

16
%

, −
8%

)
90

/3
04

30
%

26
7/

73
5

36
%

15
%

 (
10

%
, 2

0%
)

42
%

 (
16

%
, 6

0%
)

−
14

%
 (

−
43

%
, 1

3%
)

Pi
er

se
 e

t a
l. 

[2
3]

47
7/

67
7

55
/4

77
12

%
14

4/
67

7
21

%
18

%
 (

12
%

, 2
4%

)
56

%
 (

35
%

, 7
0%

)

Pi
er

se
 e

t a
l. 

[2
3]

6m
-1

7y
A

 o
r 

B
84

/3
47

−
18

%
(−

24
%

, −
12

%
)

9/
84

11
%

31
/3

47
9%

−
3%

 (
−

8%
, 2

%
)

−
30

%
(−

21
2%

, 4
6%

)
−

11
0%

 (
−

29
0%

, −
27

%
)

Pi
er

se
 e

t a
l. 

[2
3]

17
4/

28
4

5/
17

4
3%

35
/2

84
12

%
8%

(1
%

, 1
5%

)
80

%
 (

48
%

, 9
3%

)

Pi
er

se
 e

t a
l. 

[2
3]

18
-6

4y
A

 o
r 

B
16

9/
21

4
−

1%
(−

7%
, 5

%
)

41
/1

69
24

%
95

/2
14

44
%

23
%

(1
5%

, 3
1%

)
55

%
 (

27
%

, 7
3%

)
8%

 (
−

27
%

, 4
3%

)

Pi
er

se
 e

t a
l. 

[2
3]

28
5/

34
9

35
/2

85
12

%
74

/3
49

21
%

12
%

 (
4%

, 2
0%

)
47

%
 (

16
%

, 6
6%

)

Pi
er

se
 e

t a
l. 

[2
3]

≥6
5y

A
 o

r 
B

51
/1

74
−

6%
(−

19
%

, 7
%

)
40

/5
1

78
%

14
1/

17
4

81
%

2%
 (

−
11

%
, 1

5%
)

21
%

 (
−

82
%

, 6
6%

)
11

9%
(−

76
%

, 9
77

%
)

Pi
er

se
 e

t a
l. 

[2
3]

18
/4

4
15

/1
8

83
%

35
/4

4
80

%
−

5%
 (

−
26

%
, 1

6%
)

−
98

%
 (

−
97

7%
, 6

3%
)

C
he

ng
 e

t a
l. 

[2
1]

A
ll 

ag
es

A
 o

r 
B

96
3/

12
16

2%
(−

1%
, 5

%
)

43
7/

96
3

45
%

68
9/

12
16

57
%

30
%

 (
26

%
, 3

4%
)

41
%

(2
8%

, 5
1%

)
18

%
 (

−
6%

, 4
7%

)

Su
lli

va
n 

et
 a

l. 
[2

2]
59

3/
82

1
11

6/
59

3
20

%
21

8/
82

1
27

%
26

%
 (

22
%

, 3
0%

)
23

%
 (

−
4%

, 4
3%

)

C
he

ng
 e

t a
l. 

[2
4]

≥1
8y

H
1N

1
16

3/
39

8
−

2%
 (

−
9%

, 5
%

)
40

/1
63

25
%

21
3/

39
8

54
%

39
%

(3
1%

, 4
7%

)
49

%
 (

13
%

, 7
0%

)
−

29
%

 (
−

67
%

, 2
2%

)

Fi
el

di
ng

 e
t a

l. 
[2

0]
91

/1
23

4/
91

5%
21

/1
23

13
%

20
%

 (
12

%
, 2

8%
)

78
%

 (
29

%
, 9

3%
)

T
ur

ne
r 

et
 a

l. 
[9

]
A

ll 
ag

es
H

1N
1

13
/8

18
−

1%
(−

2%
, 0

%
)

5/
13

39
%

37
2/

81
8

46
%

28
%

 (
24

%
, 3

2%
)

48
%

 (
−

74
%

, 8
5%

)
−

 1
%

 (
−

12
8%

, 1
36

%
)

T
ur

ne
r 

et
 a

l. 
[9

]
30

/1
01

3
3/

30
10

%
17

7/
10

13
18

%
29

%
 (

0%
, 5

8%
)

49
%

 (
−

90
%

, 8
6%

)

Pi
er

se
 e

t a
l. 

[2
3]

A
ll 

ag
es

H
1N

1
17

0/
73

5
−

14
%

(−
18

%
, −

1%
)

33
/1

70
19

%
26

7/
73

5
36

%
15

%
 (

10
%

, 2
0%

)
62

%
 (

38
%

, 7
7%

)
3%

 (
−

25
%

, 3
0%

)

Pi
er

se
 e

t a
l. 

[2
3]

32
4/

67
7

32
/3

24
10

%
14

4/
67

7
21

%
10

%
 (

3%
, 1

7%
)

59
%

 (
36

%
, 7

4%
)

Vaccine. Author manuscript; available in PMC 2017 March 29.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Feng et al. Page 14

St
ud

y
A

ge
 g

ro
up

In
fl

ue
nz

a 
ty

pe
/s

ub
ty

pe
N

o.
 o

f 
po

si
ti

ve
/n

eg
at

iv
e

D
if

fe
re

nc
e 

of
 t

es
t-

po
si

ti
ve

 p
ro

po
rt

io
n 

(9
5%

 C
I)

N
o.

 o
f 

va
c/

po
s

V
ac

ci
ne

 c
ov

er
ag

e 
(a

m
on

g 
te

st
-p

os
it

iv
e)

N
o.

 o
f 

va
c/

ne
g

V
ac

ci
ne

 c
ov

er
ag

e 
(a

m
on

g 
te

st
-n

eg
at

iv
e)

D
if

fe
re

nc
e 

of
 v

ac
ci

na
ti

on
 c

ov
er

ag
e 

(9
5%

 C
I)

b
A

dj
us

te
d 

V
E

 (
95

%
 C

I)
Δ

V
E

 (
95

%
 C

I)

Pu
ig

-B
ar

be
rà

 e
t a

l. 
[1

6]
≥1

8y
H

3N
2

54
4/

13
70

−
38

%
(−

44
%

, −
32

%
)

31
4/

54
4

58
%

85
5/

13
70

62
%

20
%

 (
10

%
, 3

0%
)

31
%

 (
11

%
, 4

7%
)

−
23

%
 (

−
53

%
, 1

9%
)

Ji
m

en
ez

-J
or

ge
 e

t a
l. 

[1
7]

20
4/

10
3

84
/2

04
41

%
44

/1
03

43
%

16
%

 (
8%

, 2
4%

)
54

%
 (

13
%

, 7
5%

)

T
ur

ne
r 

et
 a

l. 
[9

]
A

ll 
ag

es
H

3N
2

11
9/

81
8

2%
(−

1%
, 5

%
)

51
/1

19
43

%
37

2/
81

8
46

%
28

%
 (

24
%

, 3
2%

)
34

%
(−

2%
, 5

7%
)

−
27

%
 (

−
66

%
, 9

%
)

T
ur

ne
r 

et
 a

l. 
[9

]
11

6/
10

13
20

/1
16

17
%

17
7/

10
13

18
%

26
%

(1
5%

, 3
7%

)
61

%
 (

32
%

, 7
7%

)

Pi
er

se
 e

t a
l. 

[2
3]

A
ll 

ag
es

H
3N

2
53

/7
35

−
1%

(−
4%

, 2
%

)
27

/5
3

51
%

26
7/

73
5

36
%

15
%

 (
10

%
, 2

0%
)

−
34

%
(−

17
4%

, 3
5%

)
−

24
%

 (
−

17
6%

, 1
31

%
)

Pi
er

se
 e

t a
l. 

[2
3]

53
/6

77
12

/5
3

23
%

14
4/

67
7

21
%

28
%

 (
10

%
, 4

6%
)

−
 1

0%
(−

15
2%

, 5
2%

)

T
ur

ne
r 

et
 a

l. 
[9

]
A

ll 
ag

es
A

16
3/

81
8

−
6%

 (
−

9%
, −

3%
)

68
/1

63
42

%
37

2/
81

8
46

%
28

%
 (

24
%

, 3
2%

)
39

%
 (

10
%

, 5
8%

)
−

19
%

 (
−

51
%

, 1
3%

)

T
ur

ne
r 

et
 a

l. 
[9

]
29

0/
10

13
28

/2
90

10
%

17
7/

10
13

18
%

32
%

 (
24

%
, 4

0%
)

58
%

 (
32

%
, 7

4%
)

Pi
er

se
 e

t a
l. 

[2
3]

A
ll 

ag
es

A
27

5/
73

5
−

 1
0%

 (
−

14
%

, −
6%

)
78

/2
75

28
%

26
7/

73
5

36
%

15
%

 (
10

%
, 2

0%
)

42
%

(1
5%

, 6
1%

)
−

11
%

 (
−

43
%

, 1
9%

)

Pi
er

se
 e

t a
l. 

[2
3]

39
6/

67
7

47
/3

96
12

%
14

4/
67

7
21

%
16

%
 (

10
%

, 2
2%

)
53

%
 (

30
%

, 6
9%

)

T
ur

ne
r 

et
 a

l. 
[9

]
A

ll 
ag

es
B

62
/8

18
−

9%
(−

12
%

, −
6%

)
14

/6
2

23
%

37
2/

81
8

46
%

28
%

 (
24

%
, 3

2%
)

76
%

 (
54

%
, 8

7%
)

22
%

 (
−

7%
, 6

0%
)

T
ur

ne
r 

et
 a

l. 
[9

]
19

6/
10

13
18

/1
96

8%
17

7/
10

13
18

%
14

%
 (

3%
, 2

5%
)

54
%

 (
19

%
, 7

5%
)

M
ar

tin
ez

-B
az

 e
t a

l. 
[1

0]
A

ll 
ag

es
B

32
/1

14
−

33
%

(−
41

%
, −

25
%

)
5/

32
16

%
48

/1
14

42
%

32
%

(2
2%

, 4
2%

)
87

%
 (

52
%

, 9
6%

)
31

%
 (

−
9%

, 9
0%

)

M
ar

tin
ez

-B
az

 e
t a

l. 
[1

0]
23

1/
19

4
11

/2
31

5%
20

/1
94

10
%

11
%

 (
−

2%
, 2

4%
)

56
%

(−
5%

, 8
1%

)

Pi
er

se
 e

t a
l. 

[2
3]

A
ll 

ag
es

B
29

/7
35

−
7%

(−
10

, −
4%

)
12

/2
9

41
%

26
7/

73
5

36
%

15
%

 (
10

%
, 2

0%
)

44
%

 (
−

44
%

, 7
8%

)
−

21
%

(−
10

9%
, 3

6%
)

Pe
rs

e 
et

 a
l. 

[2
3]

81
/6

77
8/

81
10

%
14

4/
67

7
21

%
31

%
 (

12
%

, 5
0%

)
65

%
(1

9%
, 8

5%
)

a In
pa

tie
nt

 r
es

ul
ts

 w
er

e 
lis

te
d 

fi
rs

t i
n 

ea
ch

 p
ai

r.

b D
if

fe
re

nc
e 

of
 v

ac
ci

na
tio

n 
co

ve
ra

ge
 a

m
on

g 
te

st
-n

eg
at

iv
e 

w
er

e 
lis

te
d 

fi
rs

t, 
an

d 
am

on
g 

te
st

-p
os

iti
ve

 w
er

e 
lis

te
d 

se
co

nd
 in

 e
ac

h 
pa

ir.

Vaccine. Author manuscript; available in PMC 2017 March 29.


