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can play an important role in SLE immunogenicity to flu vaccine. There

is no significant difference in adverse event rates between SLE patients

and healthy controls.

We followed the
Studies in Epidemiol
analysis of observation
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Abstract: There are conflicts on whether influenza vaccinated

systemic lupus erythematosus (SLE) patients are associated with a

decreased immunogenicity and safety, compared with healthy controls.

We conducted meta-analyses to compare SLE patients with healthy

controls for flu-vaccine immunogenicity, as well as for adverse events.

PubMed, MEDLINE, and Cochrane Library were searched by

October 15, 2015. Studies were included when they met the inclusion

criteria. Two reviewers independently extracted data on study charac-

teristics, methodological quality, and outcomes. The primary outcome

was seroprotection (SP) rate after immunization.

A total of 15 studies were included. There were significant differ-

ences in SP rates between the SLE patients and healthy controls,

respectively, for H1N1 (RR 0.79, 95% CI 0.73–0.87) and B strain

(RR 0.75, 95% CI 0.65–0.87), but not for H3N2 (RR 0.84, 95% CI

0.68–1.03). Subgroup analyses demonstrated SLE patients with immu-

nosuppressants, corticosteroids, azathioprine and prednisone had sig-

nificantly lower SP rates, compared with healthy controls. SLE patients

with nonadjuvanted H1N1 vaccine had significantly lower SP rate,

compared with healthy controls. SLE patients were not associated with

increased adverse events (RR 1.88, 95% CI 0.94–3.77).

SLE generates immunogenicity differently, compared with healthy

controls in pandemic H1N1 and B strains, but same in seasonal H3N2

strain. Nonadjuvant and special kind of immunosuppressive biologics
D, Ling Wan, Msc MD, PhD,
. Tam, PhD

(Medicine 95(19):e3637)

Abbreviations: AZA = azathioprine, CIs = confidence intervals,

HCQ = hydroxychloroquine, NOS = Newcastle–Ottawa scale,

PRED = prednisone, RR = relative risk, SC = seroconversion, SLE

= systemic lupus erythematosus, SLEDAI = systemic lupus

erythematosus disease activity index, SP = seroprotection.

INTRODUCTION

S ystemic lupus erythematosus (SLE) is an autoimmune dis-
ease with widespread inflammation and tissue damage

caused by autoantibodies attacking self-cells.1 The immune
dysfunction triggered by self-antigen in SLE patients leads to
weakened immunity against pathogens and presents much
higher risk of infection, compared with healthy people.1,2 Flu
virus infection and its complications is a major reason for
morbidity and mortality of SLE patients.

Nevertheless, rheumatologists are reluctant to vaccinate
patients with SLE and the coverage of flu vaccination for SLE is
surprisingly as low as 25%.2 On one hand, the safety of flu
vaccination in SLE should be taken into consideration.
Although early in the United States, the safety of flu vaccine
in SLE patients has been approved in several studies,3–5 there
are still more accumulated adverse events afterward.6–9 The
rheumatologists indicated the theory. Because virus infection
can cause the exacerbation of SLE or aggravate the activity of
SLE, it is reasonable that the dead virus in vaccine may lead to
harmful immune responses by the same mechanism as the
pathogenic virus doing for SLE.6–9 On the other hand, different
studies showed conflicting results in immunogenicity of SLE
patients with flu vaccination. Five studies4,5,10–12 reported
significantly decreased immunogenicity of flu-vaccinated
SLE patients compared with the healthy control, whereas 4
other studies3,13–15 did not prove so. Therefore, comprehensive
systematic review and meta-analyses for immunogenicity and
safety in SLE patients with flu vaccination are needed.

The objective of this study is to determine whether influ-
enza vaccine works effectively and safely in SLE patients,
compared with healthy people. In subgroup analyses, we also
evaluate the effect of different classes of immunosuppressive
drugs and ‘‘with or without adjuvant’’ effect on immunogeni-
city of flu vaccine in SLE patients, compared with
healthy controls.

MATERIAL AND METHODS

Data Sources and Searches

MOOSE (Meta-analysis of Observation
ogy) guidelines16 to conduct a meta-
al studies that reported SP rate and/or
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seroconversion (SC) rate between SLE patients and healthy
controls after receiving inactivated anti-influenza vaccine. A
systematic literature search was conducted on October 15, 2015
using the following electronic databases: PubMed (1809 to
present), MEDLINE (1946 to present), Cochrane Library
(1996 to present), and Web of Science (1965 to present).
Supplemental file S1, http://links.lww.com/MD/A956 showed
the detailed search terms. No language restriction was used.
Reference lists of the included articles were searched manually
to find additional studies.

Study Selection
Studies that met the following criteria were included in this

meta-analysis: (a) Participants: both male and female partici-
pants of any age who were received anti-influenza vaccine. (b)
SLE group: patients diagnosed as having SLE according to the
American College of Rheumatology classification criteria for
SLE.17 (c) Healthy control group: healthy subjects should be
used as controls. (d) The original article that reported the SP rate
or SC rate was selected.

Studies that did not meet the above criteria were excluded.
We also excluded reviews, commentary, case reports, and
duplicated publications. Two authors independently evaluated
the articles for inclusion. Any discrepancies were resolved by

Huang et al
further discussion and consultation of a third author. The
selection process by means of a flow chart was presented in
Figure 1.

FIGURE 1. Flowchart of study selection.

2 | www.md-journal.com
Outcome Measures
Primary outcome, SP rate (defined as the percentage of

participants with antibody titers� 1:40 on the hemagglutination
inhibition assay after vaccination); secondary outcome, SC rate
(defined as the percentage of participants with a � 4-fold
antibody titer rise after vaccination); adverse events including
occurrence of local reactions (pain, redness, swelling, itching)
and systematic reactions (arthralgia, fever, headache, myalgia,
sore throat, cough, diarrhea, rhinorrhea, nasal congestion). SLE
disease activity was assessed by Systemic Lupus Erythematosus
Disease Activity Index (SLEDAI).18

Data Extraction and Quality Assessment
A standardized data extraction form was used. The follow-

ing information was extracted: first author; publication year;
age; number of women; disease duration; number of partici-
pants in the SLE and healthy control group; medication; eval-
uating time after vaccination; region; vaccine company; vaccine
valence; type of influenza strains (H1N1, H3N2, B); adjuvant
using; SP and SC rate. The quality of studies was assessed using
Newcastle–Ottawa scale (NOS).19 Two authors independently
extracted the data and assessed the methodological quality of
studies. Any discrepancies were resolved by a third author.

Data Synthesis and Analysis
Baseline characteristics were summarized. Results were

expressed as the relative risk (RR) with 95% confidence inter-
vals (CIs). We used random effects model via generic inverse
variance weighting to combine the effects. Forest plots graphi-
cally displayed the effect size in each study and in the pooled
estimate. Results were considered statistically significant when
P value was less than 0.05. Heterogeneity was quantified by
means of I2 (an I2 value of 75% or greater was considered
representative of considerable heterogeneity).20

Subgroup analyses were conducted for the primary and
secondary outcome with medication using, vaccine adjuvant
using, type of SLE (Juvenile or adult SLE). Chi-square tests for
interaction were applied to these subgroup analyses. Revman
software (version 5.2) was used. This software was available
through the Cochrane Collaboration (www.cochrane.org).21

Publication bias was evaluated by using the Egger
regression test.22 This test was done in Stata/IC, version 12
(Stata Corp, College Station, Texas). No protocol of the present
review has been published or registered.

RESULTS

Literature Search
We identified 449 citations. After excluding 97 duplicate

records, 2 authors screened 352 titles and abstracts to identify
the potentially relevant studies. Totally 55 full-text articles were
assessed for eligibility. A total of 15 studies met the final
eligibility criteria for meta-analysis.3–5,11–14,23–30 The detailed
selection process was described in Figure 1.

Characteristics of Included Studies
Overall, the 15 studies comprised 1651 participants (1057

SLE patients and 594 healthy controls). Mean age was 35.1
years. Around 1317 (85.5%) participants were women. Mean
disease duration for SLE patients was 8.9 years. Table 1

Medicine � Volume 95, Number 19, May 2016
summarized the study characteristics. Additional study charac-
teristics were shown in supplemental Table S1, http://
links.lww.com/MD/A956.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.

http://links.lww.com/MD/A956
http://www.cochrane.org/
http://links.lww.com/MD/A956
http://links.lww.com/MD/A956


T
A

B
L
E

1
.

S
tu

d
ie

s
In

cl
u
d

e
d

in
th

e
M

e
ta

-A
n

a
ly

si
s

S
ou

rc
e

Y
ea

r
A

ge
(m

ea
n

)
W

om
en

(%
)

D
is

ea
se

D
u

ra
ti

on
(m

ea
n

)

N
o.

of
P

at
ie

n
ts

in
S

L
E

G
ro

u
p

N
o.

of
H

ea
lt

h
y

C
on

tr
ol

G
ro

u
p

Im
m

u
n

os
u

p
p

re
ss

iv
e

M
ed

ic
at

io
n

U
se

d

E
va

lu
at

in
g

T
im

e
A

ft
er

V
ac

ci
n

at
io

n
R

eg
io

n

B
o

rb
a

et
al

2
3

2
0

1
2

3
7

.2
y

6
6

8
(9

2
.1

)
1

3
y

5
5

5
1

7
0

C
Q

,
P

R
E

D
,

A
Z

A
,

M
M

F
3

w
k

B
ra

zi
l

B
ro

d
m

an
et

al
2
4

1
9

7
8

3
7

.1
y

7
5

(7
2

.1
)

N
o

t
cl

ea
r

4
6

5
8

C
S

,
A

Z
A

,
H

C
Q

1
m

o
U

S
A

C
am

p
o

s
et

al
2
5

2
0

1
3

1
6

.0
y

1
4

2
(6

4
.5

)
N

o
t

cl
ea

r
1

1
8

1
0

2
A

M
,

P
R

E
D

,
A

Z
A

,
M

M
F

,
M

T
X

,
C

T
X

,
C

Y
A

3
w

k
B

ra
zi

l

D
el

P
o

rt
o

et
al

1
3

2
0

0
6

4
3

.4
y

N
o

t
cl

ea
r

N
o

t
cl

ea
r

1
4

1
0

N
o

t
cl

ea
r

1
m

o
It

al
y

E
lk

ay
am

et
al

2
6

2
0

1
1

4
4

.3
y

3
3

(7
1

.9
)

1
1

y
2

1
2

5
M

T
X

,
P

R
E

D
,

T
N

F
b

lo
ck

er
s

(I
F

A
,

E
C

P
,

A
D

A
),

H
C

Q
4

–
6

w
k

Is
ra

el

H
er

ro
n

et
al

1
4

1
9

7
9

3
7

.5
y

N
o

t
cl

ea
r

8
.2

y
2

0
3

0
C

S
1

w
k

,
3

w
k

,
4

m
o

U
S

H
o

lv
as

t
et

al
1
1

2
0

0
6

4
5

y
6

4
(8

7
.7

)
8

.5
y

5
6

1
7

H
C

Q
,

A
Z

A
,

P
R

E
D

1
m

o
N

et
h

er
la

n
d

s
L

o
n

g
et

al
2
7

2
0

1
2

1
0

.3
y

2
6

(6
5

.0
)

N
o

t
cl

ea
r

2
0

2
0

M
M

F
,

P
R

E
D

4
–

6
w

k
U

S
A

L
o

u
ie

et
al

3
1

9
7

8
3

3
.2

y
1

5
(7

8
.9

)
N

o
t

cl
ea

r
1

1
8

N
o

m
ed

ic
at

io
n

4
w

k
U

S
A

L
u

et
al

2
8

2
0

1
1

3
6

.4
y

3
0

(8
3

.3
)

N
o

t
cl

ea
r

2
1

1
5

P
R

E
D

,
A

Z
A

,
H

C
Q

,
N

S
A

ID
3

w
k

,
6

m
o

T
ai

w
an

M
er

ca
d

o
et

al
1
2

2
0

0
4

3
2

.9
y

3
6

(1
0

0
)

8
.4

y
1

8
1

8
P

R
E

D
1

m
o

M
ex

ic
o

R
is

to
w

et
al

5
1

9
7

8
4

3
y

5
6

(9
6

.6
)

N
o

t
cl

ea
r

2
9

2
9

P
R

E
D

,
A

Z
A

,
C

T
X

,
C

L
B

1
m

o
,

2
m

o
U

S
A

W
al

li
n

et
al

2
9

2
0

0
9

3
8

.4
y

6
9

(9
3

.2
)

8
.6

y
4

7
2

7
C

S
,

M
T

X
,

A
Z

A
6

w
k

B
ra

zi
l

W
ie

si
k

-S
ze

w
cz

y
k

et
al

3
0

2
0

1
0

3
8

.5
y

1
0

3
(9

4
.5

)
4

.8
y

6
2

4
7

N
o

t
cl

ea
r

4
w

k
,

1
2

w
k

P
o

la
n

d

W
il

li
am

s
et

al
4

1
9

7
8

3
2

.6
y

N
o

t
cl

ea
r

N
o

t
cl

ea
r

1
9

1
8

N
S

A
ID

,
P

R
E

D
1

–
2

0
w

k
U

S
A

A
D

A
¼

ad
al

im
u

m
ab

,
A

M
¼

an
ti

m
al

ar
ia

l
d

ru
g

s,
A

Z
A
¼

az
at

h
io

p
ri

n
e,

C
L

B
¼

ch
lo

ra
m

b
uc

il
,

C
Q
¼

ch
lo

ro
q

u
in

e,
C

S
¼

co
rt

ic
o

st
er

o
id

s,
C

T
X
¼

cy
cl

o
p

h
o

sp
h

am
id

e,
C

Y
A
¼

cy
cl

o
sp

o
ri

n
e,

E
C

P
¼

et
an

er
ce

p
t,

H
C

Q
¼

h
y

d
ro

x
y

ch
lo

ro
q

u
in

e,
IF

A
¼

in
fl

ix
im

ab
,

IS
¼

im
m

u
n

os
u

p
pr

es
so

rs
,

M
M

F
¼

m
y

co
p

h
en

o
la

te
m

of
et

il
,

M
T

X
¼

m
et

h
o

tr
ex

at
e,

N
S

A
ID
¼

n
o

n
st

er
o

id
al

an
ti

-i
n

fl
am

m
at

o
ry

d
ru

g
s,

P
R

E
D
¼

p
re

d
n

is
o

n
e,

S
L

E
¼

sy
st

em
ic

lu
pu

s
er

y
th

em
at

o
su

s,
T

N
F
¼

tu
m

o
r

n
ec

ro
si

s
fa

ct
o

rs
.

Medicine � Volume 95, Number 19, May 2016 A Systematic Review and Meta-Analysis

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved. www.md-journal.com | 3



Assessment of Study Quality
Complete study quality assessment was performed

for all studies. One study got 8 stars23, 10 studies got
7 stars,3–5,11,12,14,24,25,27,28,30 and 3 studies got 6 stars.13,26,29

The study quality and potential risk of bias were reported
in supplemental Table S2, http://links.lww.com/MD/A956.

Immunogenicity of Influenza Vaccination in SLE
Patients versus Healthy Population

Around 12 studies (1545 participants) provided infor-
mation on SP rate for the H1N1 strain5,11–13,23–30 whereas
10 studies reported decreased SP rates among SLE patients
comparing with healthy controls.5,11–13,23–26,29,30 Four of them
were statistically significant.11,23,25,30 Pooling of the mean
proportion showed that 65.7% participants in the SLE patients
group achieved SP, compared with 84.0% in the healthy control
group (RR 0.79, 95% CI 0.73–0.87, P< 0.001; heterogeneity
P¼ 0.04, I2¼ 46%). This result indicated that SLE was associ-
ated with a significant decrease in SP rate for the H1N1 strain
(Figure 2).

A total of 6 studies (395 participants) provided information
on SP rate for the H3N2.11–13,24,29,30 Pooling of the mean
proportion showed that 63.7% participants in the SLE patients
group achieved SP, compared with 73.3% in the healthy control
group. There was no significant difference between the SLE and
healthy control groups (RR 0.84, 95% CI 0.68–1.03, P¼ 0.09;
heterogeneity P¼ 0.009, I2¼ 68%) (Figure 2).

In this study, 5 studies (316 participants) provided infor-
mation on SP rate for influenza B strain.11–13,29,30 Pooling of
the mean proportion showed that 60.4% participants in the SLE
patients group achieved SP, compared with 79.8% in the healthy
control group. There was significant difference between SLE
patients and healthy controls (RR 0.75, 95% CI 0.65–0.87,

Huang et al
P< 0.001; heterogeneity P¼ 0.44; I2¼ 0%) (Figure 2).
Around 13 studies (1511 participants) provided infor-

mation on SC rate for H1N1 strain.3–5,11,13,14,23,25–30 Twelve

FIGURE 2. Relative risk of achieving seroprotection and seroconversion

4 | www.md-journal.com
studies reported decreased SC rates among SLE patients com-
paring with healthy controls.3–5,11,13,14,23,25,26,28–30 Six of them
were statistically significant.4,11,23,25,29,30 Pooling of the mean
proportion of the 13 studies showed that 57.6% participants in
the SLE patients group achieved SC, comparing with 79.9% in
the healthy control group. The meta-analysis showed that SLE
was associated with a significant decrease in SC rate (RR 0.71,
95% CI 0.62–0.81, P< 0.001; heterogeneity P¼ 0.007,
I2¼ 56%) (Figure 2).

Seven studies (386 participants) provided information on
SC rate for the H3N2 strain.3,4,11,13,14,29,30 Pooling of the mean
proportion showed that 50.2% participants in the SLE patients
group achieved SC, comparing with 73.2% in the healthy
control group. There was no significant difference in SC rate
between SLE patients and healthy controls (RR 0.73, 95% CI
0.53–1.01, P¼ 0.06; heterogeneity P¼ 0.001, I2¼ 72%)
(Figure 2).

Four studies (280 participants) provided information on SC
rate for influenza B strain.11,13,29,30 Pooling of the mean pro-
portion showed that 41.9% participants in the SLE patients
group achieved SC, compared with 63.4% in the healthy control
group. There was significant difference between SLE patients
and healthy controls (RR 0.66, 95% CI 0.52–0.82, P< 0.001;
heterogeneity P¼ 0.62; I2¼ 0%) (Figure 2).

Publication bias was examined by the Egger’s test. No
potential publication bias was detected (supplemental Table S3,
http://links.lww.com/MD/A956).

Subgroup Analysis
The Effect of Immunosuppressive Medication on Immu-

nogenicity of Influenza Vaccination.
Subgroup analyses show SP rates in SLE patients receiving

immunosuppressants, corticosteroids, azathioprine (AZA), pre-

Medicine � Volume 95, Number 19, May 2016
dnisone (PRED) were significantly lower than the healthy
controls whereas in SLE patients receiving no medication,
antimalarial drugs, hydroxychloroquine (HCQ) it was not

after vaccination (comparing SLE patients versus healthy controls).

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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A Systematic Review and Meta-Analysis
(Table 2). The interaction test showed that these subgroups did
not differ significantly (x2¼ 11.96, P¼ 0.10).

Immunogenicity of Nonadjuvanted or Adjuvanted
Influenza Vaccine

SLE patients who received nonadjuvanted vaccine had
significantly lower SP rate, compared with healthy controls,
whereas SLE patients who received adjuvanted vaccine did not
(Table 2). The interaction test between adjuvanted and non-
adjuvanted for this difference was insignificant (x2¼ 0.21;
P¼ 0.65).

Immunogenicity Between Juvenile and Adult SLE
Patients versus Healthy Control

Adult SLE patients had significantly lower SP rate, com-
pared with healthy controls, whereas Juvenile SLE patients did
not (Table 2). The interaction test did not show significant result
(x2¼ 0.16; P¼ 0.69).

Safety of Influenza Vaccine
Eight studies reported local responses in SLE and healthy

control group.3,11–13,23,25,26,28 Meta-analysis showed that SLE
patients were not associated with significant increase in local
responses comparing with healthy control (RR 2.01, 95% CI
0.48–8.39, P¼ 0.34; heterogeneity P< 0.001, I2¼ 81%). Ele-
ven studies reported systematic reactions.3,5,11–14,23–26,28 Meta-
analysis showed no significant difference in systematic reaction
rates between SLE patients and healthy control group (RR 2.00,
95% CI 0.73–5.53, P¼ 0.18; heterogeneity P< 0.001,
I2¼ 81%) (supplemental Figure S1, http://links.lww.com/
MD/A956).

SLEDAI was examined in 9 studies.11–13,23,25,26,28–30

Only one study showed significant decrease of SLEDAI value
after influenza vaccine administration in SLE patients.12

DISCUSSION
Vaccination is the best way for healthy people to prevent

influenza and its complications, which produce optimal immu-
nogenicity and low side-effects.1 Based on the 15 clinical
studies included above which all compared SLE patients with
healthy controls for the responses to influenza vaccine, we gave
the first meta-analyses which assess the humoral immunogeni-
city and safety of influenza vaccination in total 1057 SLE
patients against those in 594 healthy controls. We concluded
the humoral response and side-effects in SLE patients with
influenza vaccination, compared with healthy controls. This
study may be helpful to previous controversial and conflicting
studies on this topic.

There is no significant difference in SP rates between SLE
patients without medications and healthy controls for H1N1,
H3N2, and B strains. Thus, these three strains have the same
good ability to stimulate the humoral response in both SLE
patients and healthy controls. Nevertheless, for the patients
treated with corticosteroids or immunosuppressive agents, their
SP rates were associates with a significant decrease compared
with healthy people. In contrast to immunosuppressants, anti-
malarial drugs that target antimetabolic mechanisms did not
decrease significantly the 3 strain SP rates in SLE patients with
flu vaccination. These results outline the SLE patients under

Medicine � Volume 95, Number 19, May 2016
different medical conditions with different degrees of humoral
responses assessed by SP rates. Immunosuppressive therapies
dramatically attenuated the immunogenicity to the vaccine. T
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Therefore, we strongly support the flu vaccination recom-
mended for SLE that the time point for vaccination should
be set several weeks before receiving immunosuppressive
therapy. It is very important to choose the flu shot time point,
avoiding the period of these immunosuppressive drug therapy.

Nonadjuvanted vaccine becomes more acceptable in
clinics for the patients with abnormal immunity such as allergy
and kidney transplant.31,32 The reason is normally thought that
adjuvants are ‘‘dirty’’ things.33 Adjuvant may cause inflam-
matory ‘‘Autoimmune Syndrome Induced by Adjuvants
(ASIA).’’34 However, flu vaccination with or without adjuvants
in SLE patients is still a dilemma. Flu vaccine with adjuvant can
boost a more effective humoral response in immunocompro-
mised patients.35 In this systematic review, SLE patients who
received nonadjuvanted vaccine had significantly lower SP and
SC rates of H1N1 than healthy controls, whereas SLE patients
who received adjuvanted vaccine did not. The roles of adjuvant
in a vaccine are much clearly illustrated because adjuvant
receptors such as toll-like receptors have been identified and
adjuvant pharmacology has been revolutionized.36,37 Clinical
trials showed new adjuvants like squalene-based AS03 and
MF59 with much better boosting effect and safety than
traditional adjuvants.31 In this study, we noticed adjuvant
effects in SLE patients with flu vaccination for pandemic
H1N1 strain. By our results, we suggest further that in further
study of adjuvants adjuvant role in immunocompromised
patients with flu vaccination should not be neglected.

Our meta-analysis showed that SLE is not associated with
significantly increased adverse events by flu vaccine. Adverse
effects on SLE patients were mild and occurred at lower
frequencies and there was no significant difference compared
with healthy controls. The safety of vaccination in SLE has been
debated for many years.38,39 The sporadic severe adverse events
such as glomerulonephritis and even death are continuously
reported.6,40 This may lead to the physicians’ reluctance to
prescribe vaccination due to concerns about its safety. SLE
patients have lower flu shot coverage than their counterparts
with other systemic inflammatory diseases, for example,
systemic sclerosis, rheumatoid arthritis, or vasculitis. Theoreti-
cally, flu virus vaccine is a foreign substance which may be a
trigger for flare-up of potential SLE patients. Etiological studies
show virus infection, polluted environment, ultraviolet, vacci-
nation, and even see foods could cause SLE symptom among
those susceptible individuals.6,41 It is very hard to elucidate
some rare cases of serious adverse events and flare-up among
SLE patient with flu vaccination. Normally, the serious adverse
event is a case report, thus it has no statistical significance.
Although the rare adverse effect case reports cannot be neg-
lected by physicians, US CDC and the European League
Against Rheumatism42,43 and the 2010 Recommendations of
the Advisory Committee on Immunization Practices44 suggest
that SLE patients should get a flu shot. Of 15 studies in this
systematic review, totally 14 studies reported slight and tran-
sient adverse symptoms in SLE patients with flu vaccination,
and moreover the incidence of exacerbations was close to the
incidence expected in a comparable population of SLE patients
except Brodman 1978 study24 that 11 of 46 patients occurring
flare-up of SLE after a monovalent H1N1 influenza vaccina-
tion. Nevertheless, Brodman explained that they observed the
aggravation of abnormalities noted before enrolment, and this
tended to remit spontaneously. Brodman study is the earliest

Huang et al
one among all 15 studies and in contrast to this study, no latter
studies reported the same high adverse event rate. It is very
likely that at that time, the techniques for flu vaccine production

6 | www.md-journal.com
may not be so advanced and Freund’s complete adjuvant was
commonly used. Similarly, at that time in 1979, Herron et al’s
study14 which reported 6 of 17 patients occurring flare-up of
rheumatoid arthritis after a bivalent influenza vaccination. The
adjuvants might play an important role in exacerbations of flu
vaccinated autoimmune patients.34 Reasonably, some studies
even adopted two dose injection of nonadjuvanted flu vaccine
for SLE patient against immunosuppressive therapy and no
more adverse events was found in these studies.45 Nowadays,
the oil-in-water emulsified and squalene-based adjuvant AS03
and MF59, respectively, from GlaxoSmithKline and Novartis
proved to have more immunogenicity boosting ability and less
side effect. Fewer and fewer adverse events were reported
today. For another score of adverse effect after flu vaccine in
SLE, we indicate that SLEDAI was examined in 9 studies. Only
one of them showed significant difference between the values of
SLEDAI before and after influenza vaccine administration in
SLE patients.12

Some limitations should be mentioned. First, studies
included in our meta-analyses did not show yearly long time
following up side effect results. Second, we cannot synthesize
parameter of side effect from the lab detection such as anti-
nuclear antoantibodies, since many studies just described
adverse events by verbal expression due to slight adverse
effects. We keep on observing this for more information of
these two aspects on SLE with flu vaccine immunization.

CONCLUSIONS
This study gives a first systematic review on humoral

immunogenicity and adverse events of influenza vaccine in
SLE patients and illustrates whether the flu vaccine works
effectively and safely in SLE patients as it does in healthy
controls. Adverse event rate has no significant difference
between SLE and the health controls. Subgroup analysis
demonstrates that immunosuppressive therapies and the non-
adjuvanted lead to less immunogenicity in humoral response in
flu-vaccinated SLE patients.
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