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Summary
Background—Antiphospholipid syndrome is characterized by autoantibodies against
cardiolipins (aCL), lupus anticoagulant, and independent β2-glycoprotein (β2GPI). Controversy
exists as to whether vaccination triggers the development of anti-phospholipid antibodies (aPL) in
systemic lupus erythematosus (SLE) patients.

Methods—SLE patients (101) and matched controls (101) were enrolled from 2005 to 2009 and
received seasonal influenza vaccinations. Sera were tested by ELISA for aCL at baseline, 2, 6, and
12 weeks after vaccination. Vaccine responses were ranked according to an overall anti-influenza
antibody response index. Individuals with positive aCL were further tested for β2GPI antibodies.

Results—SLE patients and healthy controls developed new onset aCL post-vaccination (12/101
cases and 7/101 controls, OR 1.81, p=0.34). New onset moderate aCL are slightly enriched in
African American SLE patients (5/36 cases; p=0.094). The optical density (OD) measurements for
aCL reactivity in patients were significantly higher than baseline at 2 weeks (p<0.05), 6 weeks
(p<0.05), and 12 weeks (p<0.05) post vaccination. No new β2GPI antibodies were detected among
patients with new aCL reactivity. Vaccine response was not different between patients with and
without new onset aCL reactivity (p=0.43).

Conclusions—This study shows transient increases in aCL, but not anti-β2GPI responses, after
influenza vaccination.
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Introduction
The presence of anticardiolipin antibodies (aCL) among patients with systemic lupus
erythematosus (SLE), particularly the immunoglobulin G (IgG) subtype, is strongly
associated with the occurrence of a thrombotic clinical event1–3. Lupus anticoagulant (LA)
or aCL IgG are also detected among patients with antiphospholipid syndrome (APS) who do
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not meet classification criteria for SLE4. Antiphospholipid antibodies (aPL) have become
part of the immunologic classification criterion for SLE by the American College of
Rheumatology (ACR)5. Among aPL positive SLE patients, there is a 34% chance of
developing venous thrombosis over 20 years according to a large multi-ethnic lupus cohort6.
Similarly, a study by Tektonidou et al. indicated a 20.1% incidence of thrombosis over 109
months of follow up for SLE patients with persistent aCL7. SLE patients with aCL early in
disease meet more SLE classification criteria and were more likely to have renal
involvement, thrombocytopenia and CNS involvement8. Additionally, a correlation has been
observed between developing aCL prior to SLE diagnosis and the presence of anti-Sm and
anti-dsDNA autoantibodies years earlier compared to lupus patients that are aCL negative
prior to diagnosis8.

Antibodies against Independent β2 glycoprotein (β2GPI), have been shown to act as a
cofactor among aCL positive SLE patients in increasing thrombosis risk9–11 and are
presently included in the revised Sapporo criteria for APS12. In this updated classification
criteria, these aPL are required to be present on two separate determinations at least 12
weeks apart. The importance of identifying individuals at risk to develop APS derives from
the relatively high morbidity and mortality seen among this group, particularly among those
developing catastrophic APS13. Interestingly, catastrophic APS is oftentimes preceded by
systemic infection14. Infection and the administration of vaccines have been proposed to
trigger flares of disease activity or even the development of autoimmune conditions such as
SLE, perhaps via molecular mimicry of microbial antigens leading to the production of
pathogenic autoantibodies in SLE15–18. The presence of aCL has been documented after
exposure to different infectious agents19, 20 and controversy exists as to whether vaccination
triggers autoimmune reactions in SLE patients. Our study aims to determine the presence
and character of these aPL (aCL and β2GPI) among SLE patients before and after
administration of the seasonal influenza vaccine.

Methods
Participant Information

This study spanned 5 influenza seasons (2005–2009) and included a cohort of unique
individuals who received the currently licensed influenza vaccine approved for use in the
United States during each given year (see Figure 1 for the study design). A total of 101
patients meeting at least 4 of the 11 ACR SLE classification criteria for SLE were randomly
selected after providing informed consent as designated by the Institutional Review Board of
Oklahoma Medical Research Foundation (OMRF). Healthy controls were matched based on
age (+/− 5 years), race, and sex. Peripheral blood was drawn and stored at −20°C pre-
vaccination and 2, 6 and 12 weeks post vaccination. Patient and control demographic
information, including age, sex and race, were collected. Information regarding specific SLE
ACR criteria and current immunosuppressive medications of patients were also recorded.

Antiphospholipid assays
IgG antibodies to the autoantigen cardiolipin were measured by enzyme linked
immunosorbent assay (ELISA) for all patients for each study clinic visit. Cardiolipin in
ethanol at a concentration of 0.25 μg/well was coated onto 96-well plates using a previously
published protocol21. A 1:100 dilution of sera was incubated followed by incubation with
anti-human IgG conjugated to alkaline phosphatase at 1:1000 (Sigma, St. Louis, MO). The
aCL were measured by optical density (OD), absorbances were normalized to a standard
positive control, and responses defined as low (0.30–0.40 OD), moderate (0.40–1.50 OD)
and high (> 1.50 OD) reactivity. All individuals with positive aCL before and after
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vaccination at all time points were tested further for antibodies to β2GPI IgG using a
commercial kit (Inova Diagnostics, San Diego, CA).

Clinical Characterization and Disease Assessments
Clinical evaluation and standard disease activity measures were performed by a
rheumatologist for each study clinic visit. SLE disease activity index (SLEDAI), SLE
activity measure (SLAM), and physician's global assessment (PGA) were performed at
baseline and the 6 week and 12 week after vaccination clinic visits. The occurrences of
disease flare after vaccination were then computed by using the SLE National Assessment
(SELENA)-SLEDAI scores after 6 and 12 weeks.

Influenza vaccination response
Cumulative vaccine responses were ranked from the highest to lowest according to an
overall anti-influenza antibody response index. The three measures of responsiveness were:
1) total amount of antibody binding native virus (Bmax), affinity (Ka, the inverse of the
dissociation constant Kd), and hemagglutinin inhibition titer (HAI). The normalized average
rank (or the sum of the ranks) of the three measures was used to rank order the individuals
into high and low vaccine responders22.

Statistical analysis
Descriptive and correlation statistics using Graphpad prism version 5 were utilized in this
study. Comparisons among different patient demographic groups were made and low,
moderate, and high new onset aCL were each compared against matched controls separately
by Chi-square and Fisher's exact testing. The change of aCL levels in relation to time among
patients and matched controls who developed new onset aCL at 2, 6, and 12 weeks after
vaccination were plotted by linear regression. Differences between levels of positive aCL for
the patients and the controls were computed by one way repeated measures analysis of
variance (ANOVA) and then comparisons of the mean OD levels of aCL positive patients
before vaccination against each of the mean OD levels of aCL positive patients at 2, 6, and
12 weeks post vaccination were done by paired t-testing23.

Results
Influenza Vaccination can induce new onset aCL

After influenza vaccination, both patients and healthy matched control individuals
developed new low aCL reactivity (4/101 cases and 2/101 controls) or new moderate aCL
reactivity (8/101 cases and 5/101 controls) post vaccination. No significant differences
between the patients and the matched controls were observed for the development of new
low or moderate aCL at 2 weeks. New low aCL reactivity was observed at 6 weeks (in one
case and no controls) and at 12 weeks (in one case and no controls) post influenza
vaccination. New onset moderate aCL reactivity, was also observed at 6 weeks (2/101 cases
and 1/101 controls) or at 12 weeks (2/101 cases; 0/101 controls) post vaccination (Figure 2).

Development of aCL after influenza vaccination trends toward enrichment in African
American SLE patients

Of the unique 101 SLE patients, 92% are females and the average age within the cohort was
43.9 (± 14 years of age). Ethnicity of patients was determined by self report. The majority of
patients were of European American (EA) descent (58%), while 36% were African
American (AA) with 6% belonging to other races. Average number of SLE ACR criteria
among patients was 5.7. Two AA and two EA patients tested positive for development of
low aCL after vaccination, while five AA, and two EA patients developed moderate aCL
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after vaccination. The frequency of African Americans in the group of SLE patients with
new onset aCL at moderate levels was higher than that in SLE patients who remained aCL
negative after vaccination, but the difference was not statistically significant (p=0.094)
(Table 1).

Influenza vaccination can induce higher aCL reactivity
Comparing each time point from the baseline mean aCL OD level (0.284, SD 0.175) from
aCL positive SLE patients, the mean aCL OD levels were significantly higher 2 weeks
(0.458, SD 0.27; p=0.025), 6 weeks (0.524, SD 0.44; p=0.0102), and 12 weeks (0.519, SD
0.525; p=0.02) post vaccination. High aCL reactivity was recorded in 2 patients with low
and moderate aCL before vaccination (Figure 3). No new β2GPI antibodies were detected in
any subjects with new aCL reactivity post vaccination. Only one aCL positive patient before
vaccination had detectable anti-β2GPI antibodies.

SLE patients with aCL have similar disease flare frequencies and vaccine responses as
aCL negative patients

Forty three out of 101 (42.6%) patients developed disease flares after vaccination. No
significant differences were observed between the aCL positive and negative patients when
examining the frequency of post vaccination disease flare (8/23 aCL positive vs. 35/78 aCL
negative; p=0.47). Among individuals who flared, only three patients developed new onset
aCL while five patients were aCL positive prior to vaccination. When examining aCL and
vaccine response no statistical difference was observed between SLE patients without aCL
and patients with aCL (p=0.43) (Figure 4).

Discussion
Autoantibody production against phospholipid binding proteins has been documented as a
consequence of exposure to infectious agents24, 25 but conflicting reports still exist about the
appearance of these aPL after vaccine administration. In healthy subjects given the Hepatitis
B recombinant vaccine who exhibited changes in aPL values, a significant increase was
observed in β2GPI values but not in aCL values26. After influenza vaccination, transient
appearance of autoantibodies and progressively increased levels of aCL or anti-β2GPI were
demonstrated in only approximately 8% of 92 apparently healthy adults after vaccination27.
This low rate of aCL positivity among healthy individuals was also seen in our study. Seven
out of 101 healthy controls developed new onset low (n=2) or moderate (n=5) aCL after
receiving the vaccine. Susceptible individuals may have an increased risk of developing a
sustained autoimmune response and subsequent production of these autoantibodies after
vaccination. Several case reports have recounted the occurrence of an autoimmune condition
and production of aPL after influenza vaccination28, 29.

Among SLE patients, production of aCL has been documented in one patient after
pneumococcal vaccination30 and among nine patients after influenza vaccination31. Looking
further into the effect of influenza vaccination among SLE patients, a report by Tarjan et al.
showed a remarkable elevation in the levels of β2GPI antibodies in aPL positive and
negative patients, but did not show any clinical consequences in patients with previous aPL
positivity32. SLE patients with aCL tend to have these antibodies preceding initial clotting
events by several years. Furthermore, the presence of early, pre-diagnosis aCL in this
susceptible group correlates with a more varied and severe SLE clinical course and younger
age at diagnosis21. In this study, the titer of aCL antibody reactivity was significantly higher
among SLE patients after vaccination at all time points.
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Among SLE patients with APS, aPL have been demonstrated to be directed against epitopes
expressed on β2GPI but not cardiolipin in contrast to aPL associated with infectious
diseases33–35. β2GPI binds to anionic phospholipids including cardiolipin adhering to
activated platelets and inhibiting the contact activation of blood coagulation36, 37. Anti-
β2GPI have been shown to recognize different β2GPI epitopes including a major antigenic
region recognized by monoclonal aPL isolated from APS patients38. In addition, the group
of de Laat et al. have shown that pathogenic aPL bind to a cryptic epitope (G40–R43) on the
first domain of β2GPI39. In our study, none of the individuals who developed aCL responses
after vaccination had detectable β2GPI antibodies. No matched control and only one SLE
patient with aCL reactivity prior to vaccination had detectable levels of anti-β2GPI. This
could reflect the apparently benign nature of aCL observed in healthy individuals in the
general population as well as the aCL induced by infectious agents, and potentially by
influenza vaccine administration seen in our study. The significantly higher aCL reactivity
seen among SLE patients in this study after vaccination, although almost uniformly non-
reactive to β2GPI antibodies, can be further evaluated beyond 12 weeks to determine
persistence of aPL in multiple years.

The varying levels of aCL reactivity seen among each of the subjects in this study on all
time points before and after Influenza vaccination reinforces the transient nature of aPL
reported among several studies which requires interaction between innate and acquired
immunity in promoting thrombotic risk40, 41. No specific clinical or laboratory variables
have been identified to be associated with SLE flare following influenza vaccination42, 43.
Vaccines may trigger short term generation of autoantibodies however, this does not have
long term affects on SLE disease course as seen in our study.
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Figure 1.
SLE and control cohort study design and evaluation scheme.
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Figure 2.
SLE patients and controls have transient new onset aCL responses post vaccination. Both
SLE patients and controls develop new onset low aCL reactivity and new onset moderate
aCL reactivity after influenza vaccination. SLE patients with low aCL reactivity are
represented by the white bar; SLE patients with moderate aCL reactivity are respresented by
the diagonally striped bar. Controls with low aCL reactivity are represented by the black bar;
while controls with moderate aCL reactivity are represented by the black and white dotted
bar.
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Figure 3.
aCL reactivity in SLE patients are higher post vaccination. The levels of positive aCL were
significantly higher for SLE patients (A) two (p=0.025, shown by *), six (p=0.0102, shown
by +), and 12 (p=0.02, shown by ‡) weeks post influenza vaccination. Conversely, levels of
positive aCL in controls (B) were not different at any time points post vaccination. Boxplots
denote the 95% confidence interval intersected by a line corresponding to the mean.High
aCL reactivity was recorded only on two patients with aCL before influenza vaccination
(shown in solid dots outside the boxplots A).
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Figure 4.
SLE patients with or without new onset aCL have similar vaccine responses. There is no
difference in the vaccine response (equal contribution of Bmax, Ka, and HAI) of SLE
patients with and without aCL (A) or in controls with and without aCL (B). The error bars
on the graphs represent 95% confidence interval with a line corresponding to the mean
vaccine response.
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