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a b s t r a c t

Objectives: To determine the safety of and immunogenicity induced by A/H1N1 influenza vaccination in
patients with systemic lupus erythematosus (SLE).
Research design and methods: The study population comprised 21 SLE patients and 15 healthy control
subjects who underwent split-virion, inactivated monovalent A/H1N1 vaccination between December
2009 and January 2010. Sera were obtained before, three weeks after, and six months after vaccina-
tion. SLE disease activity index (SLEDAI) scores and autoantibodies were measured at every visit in
SLE patients. Haemagglutination inhibition and the serum immunoglobulin G (IgG) level were calcu-
lated using the World Health Organization (WHO) procedure to evaluate the antibody responses. We
also recorded current medications and past seasonal influenza vaccinations to analyse the interactions
between vaccinations and the autoimmunity of SLE patients.
Results: The mean age of the enrolled population was 34.3 years for SLE patients and 39.4 years for control
subjects. The average SLEDAI score for SLE patients was 4.1 at vaccination, 4.5 at three weeks, and 4.3
at six months. The seroprotection rate at three weeks was 76.2% in SLE patients and 80.0% in healthy
control subjects; by six months, the seroprotection rate was 66.7% in SLE patients and 60% in healthy
control subjects. The seroconversion rate was 76.2% in SLE patients and 80% in healthy controls at three
weeks; by six months, the seroconversion rate was 52.4% in SLE patients and 53.3% in healthy controls. The
response in SLE patients met the criteria of the European Committee for Proprietary Medicinal Products

guidelines at three weeks, while the percentage of seroprotection did not at six months. The clinical
disease activity and SLEDAI scores did not differ significantly from before to after vaccination in SLE
patients, although the level of anticardiolipin IgG increased at three weeks after vaccination, but with no
apparent clinical manifestations.
Conclusions: The A/H1N1 influenza vaccine is safe and effective in SLE patients and has no obvious adverse
clinical effects. Treatment with a single immunosuppressive agent or combination therapy also leads to

ity in
effective humoral immun

. Introduction

The A/H1N1 and A/H3N2 influenza viruses have caused potent
andemics. A novel swine influenza A (A/H1N1) virus that clin-

cally mimics seasonal influenza was identified in two children

n the United States in March and April 2009 [1,2] and was
esponsible for an explosion of respiratory tract infections in
exico [3]. When the transmission seemed to persist and increase

n the Northern Hemisphere during the autumn and winter of

∗ Corresponding author. Tel.: +886 2 87927135; fax: +886 2 87927136.
E-mail address: ming0503@ms3.hinet.net (D.-M. Chang).
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these patients.
© 2010 Elsevier Ltd. All rights reserved.

2009, the World Health Organization immediately proclaimed a
worldwide pandemic, characterized by uncontained community-
level transmission of the A/H1N1 virus in multiple areas of the
world [4].

Some patients required admission to intensive care units for
acute respiratory distress syndrome or septicaemia [5–7]. The
elderly, the obese, and those with accompanying underlying med-
ical conditions such as chronic obstructive pulmonary disease,

immunodeficiency, and neurological diseases tended to have more
severe disease [7–9]. Thus, in 2009 the Advisory Committee on
Immunization Practices recommended the use of the monovalent
A/H1N1 vaccine to prevent mortality and morbidity from A/H1N1
infection and to mitigate the pandemic [10]. Recent studies had

dx.doi.org/10.1016/j.vaccine.2010.10.081
http://www.sciencedirect.com/science/journal/0264410X
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onfirmed the safety and immunogenicity of this A/H1N1 vaccine
n Taiwanese [11–13].

Systemic lupus erythematosus (SLE) is a chronic inflamma-
ory disease. A defect in B lymphocytes causes abnormalities in
poptosis and persistent production of autoantibodies [14–16].
ysregulation of B cells and immunosuppressive therapy in SLE
atients might cause impaired humoral immune responses to the
/H1N1 influenza virus, which can occasionally lead to the compli-
ations of pulmonary infection and fatal organ dysfunction.

Previous reports recognized the safety and antibody response
o influenza vaccination in SLE patients. Morbidity and mortality
aused by A/H1N1 infection were diminished significantly after
ass vaccination, although several reports claimed that vacci-

ation might exacerbate autoimmunity [17]. Neither increased
eneration of autoantibodies nor clinical exacerbation of disease
ctivity was observed in influenza-vaccinated SLE patients [18],
ut no information describing the safety and efficacy of this new
/H1N1 influenza vaccine in SLE patients is available.

In this report, we describe the clinical manifestations,
utoimmunity, and humoral immune response including the
eroprotection and seroconversion rates in A/H1N1 influenza-
accinated SLE patients. The specific antibody response to A/H1N1
nfluenza virus in SLE patients met the European Committee
or Proprietary Medicinal Products (CPMP) guidelines. We also
emonstrated immunity in A/H1N1-vaccinated SLE patients under

mmunosuppressive therapy.

. Materials and methods

.1. Study design

Twenty-one patients with SLE defined according to the Amer-
can College of Rheumatology criteria were selected during the
009–2010 winter and, after giving informed consent, were vac-
inated against A/H1N1 influenza virus. All patients were at low
LE disease activity index (SLEDAI scores < 8 and/or stable dis-
ase activity (defined as disease not demanding any increase in
herapy for at least three weeks)) at the time of enrollment and
ithout any contraindications (egg allergy or previous allergy

o vaccine components). Patients infected by this unique swine
/H1N1 influenza virus in winter 2009–2010 were excluded.
ll SLE patients were taking one or more immunosuppres-
ive agents including prednisolone, hydroxychloroquine (HCQ),
isease-modifying antirheumatic drugs, or cytotoxic agents such
s azathioprine (AZA) and cyclophosphamide. Fifteen sex- and age-
atched normal healthy subjects were included as the control

roup from a group of voluntarily vaccinated people.
The vaccinated SLE patients underwent clinical evaluation and

rovided a detailed history that included experience of fever,
alaise, headache, and myalgia. Laboratory evaluations of specific

utoantibodies, peripheral blood lymphocyte subpopulations, and
erum anti-A/H1N1 influenza virus antibody level were performed
efore, three weeks after, and six months after vaccination. We per-
ormed the same assessment in the healthy controls at the same
imes.

A single dose of 0.5 ml monovalent split swine A/H1N1 influenza
accine without the adjuvant (A/California/7/2009 [A/H1N1]v like
train) (Adimmune, Taipei, Taiwan) was administered by the intra-
uscular route to SLE patients and normal controls. The vaccination

ncluded 15 �g of haemagglutinin per virus preparation.
.2. Safety

The safety of the vaccine was monitored using the following
linical and laboratory parameters: general well-being of patients,
9 (2011) 444–450 445

the levels of complement C3 and C4, variation in autoantibody lev-
els, clinical manifestation of flares, SLEDAI scores, and lymphocyte
subpopulations before and after immunization. All examinations
in both groups were approved by the Tri-Service General Hospital
Institutional Review Board.

2.2.1. Autoantibodies
The levels of anti-double-stranded DNA (anti-dsDNA) and anti-

extractable nuclear antigens (anti-ENA), immunoglobulin G (IgG)
and M isotypes of anticardiolipin (aCL), and anti-�2 glycoprotein
I antibodies (aGPI) were measured by enzyme-linked immunosor-
bent assay (ELISA) using commercially available kits (Pharmacia
Diagnostics, Milton Keynes, UK) according to the manufacturer’s
instructions and calibrated with the international standard. Lupus
anticoagulant (LAC) was detected according to the guidelines of the
International Society on Thrombosis and Haemostasis [19].

2.2.2. Lymphocyte subpopulations
Peripheral blood lymphocyte subpopulations were identified

using a standard protocol for two-colour immunofluorescence
flow cytometry [20–21]. Adequate amounts of fluorescein (FITC)-
or phycoerythrin (PE)-conjugated monoclonal antibodies against
lymphocyte membrane markers were added to 0.1 ml of whole
blood and incubated for 20 min at room temperature. The prepa-
rations were washed and fixed using FACS lysing solution (Becton
Dickinson Immunocytometry Systems, Mountain View, CA, USA).

The following combinations of monoclonal antibodies were
used: FITC–CD3 and PE–CD19 for recognizing T and B lymphocytes,
respectively, and FITC–CD4 and PE–CD8 for identifying T helper and
T cytotoxic lymphocytes, respectively. All monoclonal antibodies
were purchased from Becton Dickinson.

Flow cytometry was performed using a FACScan (Becton Dick-
inson) flow cytometer. Forward and side light scatter were used to
include only lymphocytes in the analysis. Red and green fluores-
cence (from PE and FITC conjugates, respectively) was measured
using a single laser firing at 488 nm and appropriate filtering of
the emitted light. Twenty thousand lymphocytes were analysed for
each combination of monoclonal antibodies for each subject. Data
were obtained by computerized calculations performed on contour
plots generated by Consort 30 software.

2.2.3. Number and severity of flares, disease activity, and local or
systemic adverse events

Flares for SLE patients were suspected on the basis of an increase
in medication dose or the introduction of a new treatment in the
presence of deterioration in an already active symptom or a mani-
festation of a new activity [22]. All SLE patients and normal controls
were interviewed directly three weeks and six months after vacci-
nation to identify possible local and systemic adverse reactions.
One week after vaccination, all subjects were questioned about
the occurrence of clinical systemic symptoms and/or local adverse
effects around the injection site including fever (>37.5 ◦C), shaking
chills, headache, malaise, arthralgia, myalgia, local pain, indura-
tion, or swelling. To detect possible infection with A/H1N1 virus,
nasopharyngeal aspirates were collected from vaccinated patients
and controls with symptoms of acute respiratory tract infection
and fever >38 ◦C [23]. The nasopharyngeal aspirates were collected
within 48 h of the onset of flu-like symptoms. SLEDAI scores were
also calculated for SLE patients before and after the vaccination to
evaluate disease activity.
2.3. Specific anti-A/H1N1 influenza antibodies

The sera were analysed by haemagglutination-inhibition (HAI)
testing and an IgG ELISA according to standard procedures. Anti-
gens used for testing were antigenically equivalent to the vaccine
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ormulation (A/California/7/2009). Each serum tested by the ELISA
ethod was diluted 1:400, and the starting dilution of serum for
AI detection was 1:10.

The following variables were calculated: geometric mean titre
GMT) for HAI, the seroprotection rate (percentage of vaccine recip-
ents with a serum HAI titre ≥ 1:40 after vaccination), and the
eroconversion rate (the proportion of subjects with a prevaccina-
ion HAI antibody titre < 1:10 and a postvaccination titre HAI ≥ 1:40,
r a prevaccination titre ≥ 1:10 and an increase in the titre by a fac-
or of four or more). According to the guidelines of the European
PMP for the evaluation of influenza vaccines, a seroprotection
ate >70% or a seroconversion rate >40% are considered the cut-
ff values for vaccine immunogenicity for adults 18–60 years of
ge [24].

.4. Statistical analysis

All statistical analyses were performed using SPSS 14 (SPSS,
hicago, IL, USA). The difference in change in the GMT of the SLE
nd control groups was tested using the Mann–Whitney U-test
nd Kruskal–Wallis H-test. The seroconversion and seroprotection
ates were compared between groups using the �2 test with Yates’
orrection for continuity. For all other comparisons, the �2 test or
isher’s exact test was used, depending on the size of the expected
ounts. The significance of the differences between data with an
pproximately normal distribution was determined using analysis
f variance (ANOVA) with the Bonferroni–Dunn post-test or Stu-
ent’s t-test for paired data. The differences between other data
ere analysed by Friedman and Wilcoxon tests for paired data. A p

alue < 0.05 was considered significant.

. Results

.1. Demographics

Twenty-one SLE patients and 15 normal controls were enrolled
nto this study. All SLEDAI scores of the SLE patients were <8 before
accination. One SLE patient (4.8%) and six (40%) of the normal
ontrols had received the seasonal trivalent influenza vaccination
n winter 2009 before this H1N1 vaccination (p = 0.013). Eighteen
85.7%) of the SLE patients and eight controls (53.3%) had never

efore received an influenza vaccination (p = 0.058). The demo-
raphic features of the SLE patients and normal controls are shown
n Table 1. Four SLE patients were not taking prednisolone, three

ere not taking AZA, and six were not taking HCQ. Median doses

able 1
haracteristics in SLE patients and normal controls.

SLE patients
(n = 21)

Normal controls
(n = 15)

Sex (male) 1 (4.8) 5 (33.3)
Age (mean ± SD (years)) 34.3 ± 11.8 39.4 ± 13.9
Influenza vaccination in 2009/2010 1 (4.8) 6 (40)† (0.013)
No influenza vaccination 18 (85.7) 8 (53.3) (0.058)
SLEDAI scores 4.1 (0–7) NA
No immunosuppressive agents 0 (0) NA
Prednisolone 17 (81.0) NA
Median (range), mg/day 4.9 (2.5–17.5) NA
Azathioprine 18 (85.7) NA
Median (range), mg/day 45 (25–100) NA
Hydroxychloroquine 15 (74.4) NA
Median (range), mg/day 162 (100–400) NA
NSAID 5 (23.8) NA

ote: Except where indicated otherwise, values are the number (%); SLE: systemic
upus erythematosus; SLEDAI: systemic lupus erythematosus disease activity index;
A: not applicable; NSAID: non-steroidal anti-inflammatory drugs.
† p value < 0.05 versus normal controls.
9 (2011) 444–450

for the drugs were 4.9 mg/day for prednisolone, 45 mg/day for AZA,
and 162 mg/day for HCQ. The baseline characteristics such as sex,
age, and past influenza vaccination did not differ between the SLE
patients and normal controls.

3.2. Safety

No significant difference in complement C3 level occurred in
the SLE patient group three and six months after vaccination
(from 76.1 mg/dl to 81.1 mg/dl and 79.0 mg/dl, p = 0.057 and 0.326,
respectively). The titres of anti-dsDNA and LAC did not differ at
any of the three times (before, three weeks after, and six months
after vaccination). The aCL IgG antibody level increased signifi-
cantly from 6.01 GPL U/ml to 7.95 GPL U/ml (normal < 10 GPL U/ml)
(p = 0.003) at three weeks in SLE patients, but did not differ sig-
nificantly at six months (six months versus before vaccination,
from 6.01 GPL U/ml to 5.44 GPL U/ml, p = 0.468). The aCL IgG anti-
body level increased from 1.71 GPL U/ml to 2.8 GPL U/ml (p = 0.022)
at six months in normal controls without signs of clinical throm-
boembolism. By contrast, aGPI IgG level decreased from 1.94 to
1.48 mg/ml (p = 0.002) at six months in SLE patients and from
1.53 to 0.64 mg/ml (p = 0.002) at three weeks in the normal con-
trol group. The anti-ribonucleoprotein antibody level increased
from 1.1 U/ml to 1.5 U/ml at three weeks and six weeks in normal
controls (p = 0.008 and 0.018, compared with before vaccination,
respectively). The anti-Smith antibody level also increased from
0.13 to 0.28 U/ml (p = 0.002) six months after vaccination without
clinical manifestations of lupus (Table 2).

CD19+ lymphocyte percentage decreased from 14.0% to 10.9%
(p < 0.001) three weeks after vaccination in the normal control
group but did not change in SLE patients. There was no difference at
six months in both groups (six months versus before vaccination)
(Table 3).

One SLE patient who had exhibited bilateral optic neuritis
without neurological sequelae four years before this vaccination
experienced general malaise, sore throat, fever, and blurred vision
two weeks after the vaccination. Her prevaccination immuno-
suppressive agents included prednisolone 2.5 mg/day and HCQ
200 mg/day. The nasopharyngeal aspirate for rapid test and RT-
PCR examinations showed no detectable A/H1N1 influenza virus
infection. Ophthalmic physical examinations and magnetic reso-
nance imaging of the brain showed bilateral optic neuritis and
demyelization. An increase from 4 to 12 in SLEDAI score occurred at
the same time. Consequently, this patient was given pulse methyl-
prednisolone therapy of 3000 mg under a diagnosis of SLE flare
and had a satisfactory response. Neither blurred vision nor flares of
lupus in other organs developed in the following six months. Apart
from this, no SLE patient demonstrated neurological or psychiatric
manifestations of SLE before and after this vaccination. None of
the other vaccinated SLE patients experienced significant flares or
increase in SLEDAI score (Table 2). One of the normal control sub-
jects developed symptoms suggestive of influenza infection. The
nasopharyngeal aspirate and RT-PCR tests showed no evidence of
A/H1N1 influenza virus infection. No other systemic adverse reac-
tions emerged in vaccinated healthy controls, and they did not
undergo physical examination or provide a blood sample during
the follow-up. Neither local pain nor induration developed at the
site of the injection in either group.

3.3. Immunity
The results of the assessment of immunity to the vaccine are
shown in Table 4. HAI titre ≥ 40 developed in two SLE patients
before the vaccination. The serum levels of both specific HAI and
IgG antibodies toward the antigens (A/California/7/2009) increased
significantly in SLE patients and normal controls, and met the CPMP
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Table 2
Autoimmunity and disease activity in SLE patients and normal controls before and three weeks after the A/H1N1 influenza vaccination.

Autoantibodies SLE patients (n = 21) Normal controls (n = 15) p value

0 day 3 weeks 6 months 0 day 3 weeks 6 months

C3 76.1 81.1 79.0 110.9 106.7 116.9
C4 13.2 13.8 24.7 21.4 24.6 21.1
LA 1.1 1.1 1.1 1.0 1.0 1.0
aGPI IgG 1.94 1.98 1.48‡ (0.002) 1.53 0.64‡ (0.002) 0.8 §(0.002)
aGPI IgM 2.27 2.37 2.45 3.68 1.4‡ (0.002) 1.61
aCL IgG 6.01 7.95‡ (0.003) 5.44 1.71 2.1 2.8† (0.022) §(0.030)
aCL IgM 2.05 1.74 3.21 0.64 0.52 1.5
Anti-dsDNA 70.1 50.1 38.6 1.6 3.1 1.9
Anti-Sm 2.26 3.59 3.66 0.13 0.14 0.28‡ (0.002)
Anti-RNP 24.5 25.5 21.9 1.1 1.5† (0.008) 1.5† (0.018)
Anti-RO 125.0 121.2 106.1 0.37 0.42 1.3
Anti-LA 9.2 11.0 6.9 0.23 0.26 0.29
SLEDAI scores 4.1 4.5 4.3 NA NA NA

Note: The bracket represent the p value compared pre-vaccination with pot-vaccination in SLE patients and normal controls, respectively; SLE: systemic lupus erythematosus;
LA: lupus anticoagulant; aGPI IgG: anti-beta-2 glycoprotein I IgG; aGPI IgM: anti-beta-2 glycoprotein I IgM; aCL IgG: anti-cardiolipin IgG antibody; aCL IgM: anti-cardiolipin
IgM antibody; anti-ENA include anti-sm, anti-RNP, anti-RO, and anti-LA.

† p value < 0.05 = versus baseline (0 days).
‡ p value < 0.01 = versus baseline (0 days).
§ p value versus normal controls at 3 weeks.

Table 3
Percentage distribution of peripheral blood lymphocyte subpopulations in SLE patients and normal controls before and three weeks after the A/H1N1 influenza vaccination.

Lymphocyte subpopulations SLE patients (n = 21) Normal controls (n = 15) p value

0 day 3 weeks 6 months 0 day 3 weeks 6 months

CD19+ 10.5 ± 9.7 11.1 ± 8.9 9.2 ± 7.2 14.0 ± 3.9 10.9 ± 3.2‡ (<0.001) 14.3 ± 6.7 §(0.015)
CD3+ 80.4 ± 13.7 81.3 ± 11.5 80.3 ± 14.5 70.6 ± 9.5 73.9 ± 10.1 69.6 ± 12.2
CD4+ 36.0 ± 12.5 37.0 ± 13.5 39.2 ± 13.4 38.2 ± 9.6 37.7 ± 11.7 39.5 ± 12.5
CD8+ 47.1 ± 12.7 46.9 ± 16.6 44.4 ± 13.9 37.7 ± 9.0 37.2 ± 10.2 36.6 ± 10.3
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ote: Values are the number (%); SLE: systemic lupus erythematosus.
‡ p value < 0.01 versus baseline.
§ p value versus normal controls after 3 weeks.

uidelines three weeks and six months after vaccination. The anti-
ody levels did not differ significantly between groups (p = 0.532
nd 0.286 for GMT at three weeks and six months, respectively;
= 1.000 and 1.000 for seroprotection rate at three weeks and six
onths, respectively; p = 1.000 and 1.000 for seroconversion rate at

hree weeks and six months, respectively). The GMT, seroprotec-
ion rate, and seroconversion rates were lower in SLE patients and

ormal controls at six months than at three weeks. The seroprotec-
ion rates of both SLE patients and controls did not meet the CPMP
riteria at six months (66.7% in SLE patients and 60% in normal
ontrols).

able 4
/H1N1 influenza vaccination specific seroprotection rate and seroconversion rate in SLE

SLE patients (n = 21)

Geometric mean titer
t = 0 day 28.28
t = 21 days 148.74
t = 6 months 60.14

Seroprotection rate
t = 0 day 9.5% (2/21)
t = 21 days 76.2% (16/21)‡ (<0.001)
t = 6 months 66.7% (14/21)‡ (<0.001)

Seroconversion rate
21 days 76.2% (16/21)
6 months 52.4% (11/21)

ote: The intra-bracket values are true subject numbers; the haemagglutination inhibiti
n calculating the seroprotection rate, so was seroconversion rate; seroprotection = titer
ntibody titer <1:10 and a post-vaccination titer ≥ 1:40, or a pre-vaccination titer ≥ 1:
rythematosus; NS: non-significant.
§ p value versus normal controls.
‡ p value < 0.01 versus baseline.
The HAI titre varied widely in the SLE patients. To identify any
influence of immunosuppressive agents on vaccination efficacy,
we analysed the seroprotection rate and seroconversion rates at
three weeks and six months after vaccination in SLE patients using
immunosuppressive agents. We compared the effect of each of
these drugs (prednisolone, AZA, or HCQ). At three weeks, the GMT
of serum HAI and seroprotection rate increased significantly, com-

pared with those before vaccination (p = 0.03, 0.04, and 0.04 for
GMT, respectively; p < 0.001 for seroprotection rate in each group).
The seroconversion rate in each group met the CPMP guidelines.
No difference was found in the GMT, the percentages of seropro-

patients and normal controls before and three weeks after the vaccination.

Normal controls (n = 15) §p value

28.28 NS
116.19 NS

44.50 NS

6.7% (1/15) NS
80.0% (12/15)‡ (<0.001) NS
60.0% (9/15)‡ (<0.001) NS

80.0% (12/15) NS
53.3% (8/15) NS

on (HAI) titers met the seroprotection criteria before the vaccinations is excluded
s ≥ 40; seroconversion rate = the proportion of subjects with a prevaccination HAI
10 and an increase in the titer by a factor of four or more; SLE: systemic lupus
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Table 5
A/H1N1 influenza vaccination specific seroprotection rate and seroconversion rate in SLE patients of different immunosuppressive agents.

Prednisolone (n = 17) AZA (n = 18) HCQ (n = 15)

Geometric mean titer
t = 0 day 30.31 30.31 25.20
t = 21 days 127.0† (0.03) 113.1† (0.04) 152.27† (0.04)
t = 6 months 55.08 53.84 58.10

Seroprotection rate
t = 0 day 5.9% (1) 5.6% (1) 0
t = 21 days 70.6% (12)‡ (<.0001) 72.2% (13)‡ (<.0001) 80.0% (12)‡ (<.0001)
t = 6 months 64.7% (11)‡ (<.0001) 61.1% (11)‡ (<.0001) 73.3% (11)‡ (<.0001)

Seroconversion rate
t = 21 days 70.6% (12) 72.2% (13) 80.0% (12)
t = 6 months 47.1% (8) 55.6% (10) 66.7% (10)

Note: The intra-bracket values are true subject numbers; the haemagglutination inhibition (HAI) titers met the seroprotection criteria before the vaccinations is excluded
in calculating the seroprotection rate, so was seroconversion rate; seroprotection = titers ≥ 40; seroconversion rate = the percentage of vaccine recipients with an increase in
serum anti-A/H1N1 IgG by at least four times after vaccination compared with titers before vaccination; SLE: systemic lupus erythematosus.

† p value < 0.05 versus baseline.
‡ p value < 0.01 versus baseline.

Table 6
A/H1N1 specific immunity in SLE patients with multiple immunosuppressive agents.

Prednisolone & AZA (n = 15) AZA & HCQ (n = 12) HCQ & prednisolone (n = 13)

Geometric mean titer
t = 0 33.6 28.3 28.3
t = 21 days 99.0 109.6 134.5
t = 6 months 48.3 49.2 51.5 I

Seroprotection rate
t = 0 day 5.9% (1) 5.6% (1) 0
t = 21 days 70.6% (12)‡ (<.0001) 75.0% (9)‡ (<.0001) 76.9% (10)‡ (<.0001)
t = 6 months 60% (9)‡ (<.0001) 66.6% (8)‡ (<.0001) 69.2% (9)‡ (<.0001)

Seroconversion rate
t = 21 days 66.7% (10) 75.0% (9) 76.9% (10)
t = 6 months 40.0% (6) 58.3% (7) 61.5% (8)

Note: The intra-bracket values are true subject numbers; the haemagglutination inhibition (HAI) titres met the seroprotection criteria before the vaccinations is excluded
in calculating the seroprotection rate, so was seroconversion rate; seroprotection = titres ≥ 40; seroconversion rate = the percentage of vaccine recipients with an increase in
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erum anti-A/H1N1 IgG by at least four times after vaccination compared with titre
‡ p value < 0.01 versus baseline.

ection and seroconversion rate among these three groups. At six
onths, GMT, percentage of seroprotection, and seropconversion

ate decreased. Only SLE patients taking HCQ met the CPMP cri-
eria for seroprotection. The seroconversion rate was more than
0% in each group using single immunosuppressive agent. Never-
heless, No difference was found in the GMT, the percentages of
eroprotection and seroconversion rate among these three groups
Table 5).

In patients taking dual immunosuppressive treatments (pred-
isolone and AZA, AZA and HCQ, or HCQ and prednisolone), the
eroprotection rate at three weeks met the CPMP criteria but did
ot at six months. The seroconversion rate of every group at three
eeks and six months also met the CPMP guideline. The evaluation

f GMT, the percentages of seroprotection and seroconversion rate
mong these three groups revealed no specific differences (Table 6).

. Discussion

Published studies of trivalent influenza vaccination (A/H1N1,
/H3N2, and type B influenza) in SLE patients investigated whether
isease activity and autoantibodies change after vaccination,
specially in patients with pre-existing nephritis or neurologi-

al manifestations [25–31]. Recent reports proved the safety of
rivalent influenza vaccination in patients with quiescent SLE, but
he vaccine may have lower efficacy [32] and patients may have
educed humoral and cell-mediated immunity, such as a more rapid
ecline in anti-influenza antibody titres [33–35].
re vaccination; SLE: systemic lupus erythematosus.

The immune system should respond to A/H1N1 influenza in
the first week following the vaccination. Thus, we should theoret-
ically observe any flare or deteriorations in SLEDAI scores in SLE
patients caused by side-effects from specific anti-A/H1N1 antibod-
ies [26–39]. Only one SLE patient experienced a flare presenting as
recurrent optic neuritis. Our study showed no significant increase
in SLEDAI scores and autoantibodies six months after vaccination,
suggesting the reliability and safety of the A/H1N1 vaccine in SLE
patients. Flares of SLE depend on the complex activation of the
immune system including cytokine releases and T and B lympho-
cyte activation. More evidence is needed to evaluate accurately the
safety of vaccine administration.

Trivalent influenza vaccination might not predispose to the for-
mation of antiphospholipid antibodies in SLE patients [37,40]. aCL
IgG antibody level increased three weeks after vaccination in SLE
patients but was not elevated six months after vaccination. aCL IgG
level tended to increase in the normal controls in the follow-up
period. Nonetheless, the aGPI IgG level both had decreased in SLE
patients and normal controls. Antiphospholipid antibodies did not
exceed normal range and thromboembolic events did not occur in
either group after six months of observation, which might indicate
the safety of vaccination.
The subpopulations of lymphocytes did not differ significantly in
SLE patients. Previous reports also showed no significant variation
in lymphocyte subpopulations in SLE patients after the trivalent
influenza vaccine [39]. Other reports showed that some people
develop adverse neurological symptoms such as optic neuritis [41],
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yalgia, and fatigue following this new A/H1N1 vaccination. The
nfluenza vaccination is not associated with an increased risk of
ptic neuritis [42], and recent studies show no adverse neuro-
ogical effects of this A/H1N1 vaccine [11–13]. The SLE patient in
ur study who reported previous lupus-associated optic neuritis
xperienced recurrence after the vaccination. The blurred vision
isappeared within one week of onset after the pulse methylpred-
isolone therapy and did not relapse in the six-month follow-up.
ur study has the longest follow-up period compared with previ-
us studies of similar variables such as autoantibody formation and
linical effects. More research is needed to differentiate vaccine-
ependent neurological manifestations from those associated with
ares of SLE.

The seroprotection rate and the seroconversion rate increased
ignificantly at three weeks and six months in both groups and met
he CPMP criteria. The seroprotection rate was lower in SLE patients
han in controls, but the GMT of HAI was higher in SLE patients,
lthough the serum GMT and rates of seroprotection and serocon-
ersion did not differ between groups. Some studies have shown
hat the efficacy of A/H1N1 vaccination within a trivalent influenza
accine is the same for SLE patients and normal controls [29–31,38],
hereas others have disagreed [32,43,44]. However, the vaccine is

eliable and effective in protecting SLE patients against the new
/H1N1 influenza virus.

A trend toward a lower humoral response to influenza vaccina-
ion in SLE patients taking prednisolone at a dose of >10 mg/day
r taking AZA has been reported [45]. Though our reports showed
elative higher GMT level, seroprotection rate, and seroconversion
ate in patients prescribed with HCQ, the response did not differ
etween patients treated with a single immunosuppressive agent
r combination therapy. Multiple immunosuppressive agents are
ften prescribed for SLE patients. Our study demonstrated no sig-
ificant variations among dual therapy.

Antibody responses to A/H1N1 included within the trivalent
nfluenza vaccination in the general population demonstrated
ither decreased antibody responses, the same, or better responses
46–52]. Our data showed no difference in the humoral response to
he new A/H1N1 influenza virus between SLE patients and normal
ontrols who had not had previous influenza vaccinations. There
ight be cross-reactivity between these two different A/H1N1

ubtype influenza viruses because of antigen similarity. That may
xplain why we simultaneously detected serum IgG levels in excess
f HAI titres; further investigation is needed to confirm this possi-
ility.

Our study has some limitations. The enrolled population was
elatively small, whereas the comparisons were multidimensional.
ot all SLE patients had similar lupus activity, prevaccination
edications, or dysregulation of autoimmunity. Studies of larger

opulations are needed to obtain full data on the response to the
/H1N1 vaccine in SLE patients. The response of cell-mediated

mmunity to the A/H1N1 vaccinations also needs to be studied.
nformation about cell-mediated immunity is scarce even for the
revailing trivalent influenza vaccination. Finally, more studies are
eeded to clarify the cross-reactivity between the influenza vac-
ines and to determine whether repeated vaccination is necessary
o increase the seroprotection rate and the seroconversion rate for
LE patients.

Despite such restrictions, ours is the first prospective cohort
tudy on the safety of and immunogenicity induced by the 2009
/H1N1 vaccine in SLE patients. SLE patients can obtain signifi-
ant immunity from the vaccination without experiencing clinical

hanges in autoimmunity. It is safe for SLE patients to receive the
accination to prevent the high mortality and morbidity caused
y this new A/H1N1 swine influenza virus infection. The sero-
rotection rate decreased and did not meet the CPMP criteria six
onths after vaccination. The effect of immunosuppressive ther-
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apy need more advanced laboratory examinations and clinical
observation.
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