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In vitro response to influenza immunisation by
peripheral blood mononuclear cells from patients
with systemic lupus erythematosus and other
autoimmune diseases
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SUMMARY Reduced in vitro anti-influenza antibody response by peripheral blood mononuclear
cells (PBMs) after vaccination was confirmed in a group of 28 patients with systemic lupus
erythematosus (SLE), and also in 16 patients with some other autoimmune syndromes. This
group of patients with SLE had higher serum anti-DNA binding, but there was no evidence of
increased autoantibody production after vaccination, nor any clinical or laboratory evidence of
flares in disease activity that are sometimes seen to follow intercurrent infection. Although a

reduced in vitro antibody response may, to some extent, reflect redistribution of antibody
producing cells, there appears to be more generalised impairment of the immune response in
these patients, which cannot be accounted for by steroid/immunosuppressive therapy.

B cell hyperactivity and autoantibody production
characterise systemic lupus erythematosus (SLE).'
It is our clinical impression that flares of disease
activity may be related to intercurrent infection.
Although not well researched, this observation is
not new.2 One possible mechanism could be the
production of potentially damaging autoantibodies
in response to challenge with exogenous antigen,
either concurrently with, or at the expense of the
specific antibody response. It is therefore pertinent
to ask (a) Is the immune response to challenge with
exogenous antigen impaired in SLE? (b) Does such
a challenge stimulate autoantibody production?
(c) If so, is this confined to SLE or does it occur in
other autoimmune diseases?
We took advantage of routine influenza immunis-

ation to address these questions. Previous small
studies of the immune response to influenza
immunisation in SLE suggest abnormal in vitro
antibody production by peripheral blood mono-
nuclear cells (PBMs) from patients with SLE,
despite a 'normal' serum response (greater than
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fourfold rise in titre).3 Active disease or im-
munosuppressive therapy could account for these
findings, and a larger study including other auto-
immune disorders was clearly indicated.

Patients, materials, and methods

PATI ENTS
The immune response to influenza vaccination was
assessed in 28 patients with SLE, all of whom
fulfilled at least four of the 1982 revised criteria for
the classification of SLE." Sixteen patients with
other autoimmune diseases were also studied:
10 with classical rheumatoid arthritis (RA), four
with mixed connective tissue disease (MCTD), and
two with RA/SLE crossover syndromes. The control
groups comprised 35 normal individuals selected
from laboratory, medical, and secretarial staff and
six patients receiving steroids for non-autoimmune
conditions, mainly chronic air-flow limitation.
Informed consent was obtained from all subjects,
and the study was approved by the hospital ethical
committee.

MATERIALS AND METHODS

Merieux influenza vaccine (Servier) was given by
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subcutaneous innoculation into the non-dominant
arm. The study period spanned two seasons. Vaccine
for the first season (1985-6) contained j3-propio-
lactone inactivated A/Philippines/82 (H3N2), A/
Chile/83 (HN1), and B/USSR/83; and for the second
season (1986-7), A/Mississippi/85 (H3N2), A/
Chile/83 (HlNl), and B/Ann Arbor/86.

Lymphocyte culture
After vaccination serum and PBMs were collected at
seven day intervals up to 28 days. In vitro pro-

duction of anti-influenza antibody was determined
using the method described by Callard.7 Briefly,
PBMs were separated by density gradient centrifu-
gation over Ficoll-Hypaque (Pharmacia), washed in
Hanks's balanced salt solution, and resuspended in
RPMI 1640 containing 25mM HEPES (N-2-hydroxy-
ethylpiperazine-N'-2-ethanesulphonic acid), 2 g/l
bicarbonate (Gibco) and 10% horse serum (Sera
Labs) at a concentration of 2x10i cells/ml. One
millilitre volumes were cultured in sterile capped
12x75 mm tubes (Falcon 2054), either alone or in

the presence of optimal concentrations of sucrose

density gradient purified influenza virus A/x 79
(H3N2), A/x87 (H3N2), A/x83 (HINI), B/USSR,
B/Ann Arbor, or pokeweed mitogen. After six days
of culture in a 5% CO2 atmosphere at 37°C the cells
were washed and resuspended in RPMI 1640 con-

taining 5% fetal calf serum for a further 24 hour
culture period before supernatants were collected
and frozen for batch analysis.

Anti-influenza antibody assay

Anti-influenza antibody in culture supernatants was

determined by solid phase enzyme immunoassay.8
Briefly, influenza viruses (see above) were adsorbed
onto microtitre plates (Nunc Immuno 1) and non-

specific binding sites blocked with 1% bovine serum

albumin. Culture supernatants were then added to

virus coated wells, and after incubation and washing
goat antihuman polyvalent immunoglobulin con-

jugated to alkaline phosphatase (Sigma) was added.
Bound conjugate was detected using nitrophenol
phosphate substrate (Sigma), and the optical density

Table 1 Anti-influenza antibody response, clinical parameters, and treatment in 28 patients with SLE

Patient Peak Peak Disease NSAID Steroid! Lymnphocyte dDNA§
No in vitro in vivo activity* treatonentt immutno- count (Amn§ units)

response response suppressive (x 10GP/m1)
(U/mi) (fold rise Hf)§ therapy;

I 1000 64 2 1 1 1-9 12
2 1000 2 1 0 2 0(3
3 10(X) 60 1 1 2-1 7
4 10()0 64 0 1 1 1-9 8
5 10()0 24 0 1 0 1-9 0
6 1000 48 0 0 1 1.4 7
7 1000 60 0 0 0 1-4 48
8 1000 30 0 0 0 2-1 4
9 1000 40 0 0 0 1-6 1
10 817 16() 0 0 0 1.5 ()
11 718 24 1 () 2 1-4 33
12 597 23 () () () 25 31
13 562 64 0 () 0 07 26
14 388 16 () 0 0 1-7 5
15 252 1-3 0 1 0 1-2 4
16 251 160 0 () 1 2 8
17 105 32 1 ( 1 1-5 63
18 47 10 1 1 2 18 ()
19 19 20 0 0 0 1 18
20 9 8 1 1 0 1-2 15
21 4-6 2 0 ( 1 1 36
22 3-2 10 0 0 1 13 56
23 2-6 5() () () 2 1 1
24 2-4 80 1 1 0 1*7 1 3
25 0 40 2 1 0 0(6 69
26 0 20 0 1 2 07 73
27 0 8 0 1 1 0(6 22
28 0 3-7 0 0 2 1 6(0

*Activity: 0=inactive; 1 =moderately active; 2=activc.
tNSAID=non-steroidal anti-inflammatory drug: (=not recciving NSAIDs; 1 =recciving NSAIDs.
jImmunosuppressivc thcrapy: 0=nonc; 1=stcroids only; 2=stcroids and azathioprine/cyclophosphamide.
§HI=haemagglutination inhibition; aDNA=anti-DNA antibodies; Am=AAmersham.
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read at 405 nm on a Dynatech MR 580 automatic
colorimeter. The results of duplicate cultures were
expressed as units/ml of specific antibody calculated
from a standard curve of logit transformed optical
density versus log, (concentration) of specific anti-
body prepared for each plate. Values below
2 units/ml were considered insignificant.
Serum anti-influenza antibody levels were deter-

mined by standard microtitre methods.'

Anti-DNA antibody assay
Anti-DNA binding in culture supernatants was
determined by a similar enzyme immunoassay. ")

Serum anti-DNA binding was measured with the
Amersham kit.

Statistics
Group comparison were made with the x2 test. The
data, which were not normally distributed, were
analysed by non-parametric statistical tests.

Results

The mean ages of the patient and control groups
were 42-3 and 41*2 years respectively, with ranges of
19-72 and 19-64 years. No patient developed a flare
in disease activity after vaccination.

In vitro and serum antibody responses to each of
the viruses in the vaccine were measured before and
at timed intervals after vaccination. Antibodies to
these strains were not detected in unstimulated
cultures before immunisation. There was consider-
able individual variation in both in vitro and in vivo
responses to immunisation, but a number of subjects
made consistently low in vitro specific antibody
responses (<10 units/ml) to all of the influenza
antigens. These patients are referred to as 'non-
responders'.
Reduced in vitro specific antibody responses were

found in 9/28 (32%) of patients with SLE, 3/4 with
MCTD, and both patients with RA/SLE crossover
syndromes, as opposed to 3/35 (9%) normal controls
(X2 p<0.001). Interestingly only 2/10 (20%) patients
with classical RA had an impaired response. In
those patients who did have in vitro responses,
however, these were not quantitatively different
from those of the normal control population,
although there was considerable variation between
individuals.
When a population of in vitro non-responders

was identified among the patients with SLE, associa-
tions with a wide range of clinical parameters of the
disease were sought. Table 1 shows the distribution
of some of these (disease activity, serum anti-DNA
binding, lymphopenia, and immunosuppressive
therapy) among in vitro responders and non-
responders.

Table 2 shows the statistical analysis of these
associations. An impaired in vitro anti-influenza
antibody response was significantly associated with a
lymphocyte count of less than 1-3 x 10)/ml (p<0O00l)
(Fig. 1) and higher serum anti-DNA antibodies
(p<002) (Fig. 2). There was no significant associa-
tion with disease activity or immunosuppressive
therapy. Eighteen patients and six controls received
an influenza vaccination in both seasons of the
study. The response to second time vaccination was
significantly lower, both in vivo and in vitro.
Although most of the in vitro non-responders had a
greater than fourfold rise in serum antibody titre
after vaccination, the peak serum response was
significantly lower than in in vitro responders
matched for age, treatment, and previous vaccina-
tion (p<0003).

Table 2 Associations with an impaired anti-influenza
antibody response in vitro in patients with SLE

Association

Lymphopenia
<1-3x 106/ml

Higher serum
DNA binding

Disease activity
Steroids/immuno-

suppressive therapy
Previous vaccination

Lower serum specific
antibody response

Test Significance
(p value)

Mann-Whitney 0-001

Kruskal-Wallis
one way
ANOVA*

I

x2
Kruskal-Wallis
one way
ANOVA

Wilcoxon signed
rank

0(0137
NS

NS

0 0320

0-003

*ANOVA=analysis of variance.
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Fig. 1 Patients with SLE with impaired in vitro influenza
responses have lower peripheral blood lymphocyte counts.
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Fig. 2 Patients with SLE with impaired in vitro influenza
responses have higher serum anti-DNA binding.

Discussion

Spontaneous antibody production to a variety of self
and environmental antigens is seen in SLE. It has
been suggested that such preactivation explains the
failure of pokeweed mitogen to stimulate further
immunoglobulin production in PBMs from these
patients." Spontaneous production of antibody to
A/Hong Kong/x31 (the virus responsible for the
1968 pandemic) has recently been demonstrated in
patients with SLE by Dar et al. 12 Such preactivation
could account for the failure of the earlier studies to
demonstrate in vitro responses to influenza immun-
isation, as they all measured the antibody response
to this antigen. In this study the use of a related but
antigenically distinct virus, to which the patients
showed no response before immunisation, may
explain the fact that most patients are shown to have
in vitro responses which are not quantitatively
different from those of age and sex matched normal
controls. As in the earlier studies, however, we did
identify a group of patients with SLE with impaired
anti-influenza antibody production by PBMs in vitro
after immunisation. This was also seen in other
autoimmune conditions, such asMCTD and RA/SLE
crossover syndromes, but to a lesser extent in
classical RA.
Depression of the in vitro response could have

been the result of steroid and other immunosup-
pressive therapy needed to control active disease, or
overproduction of autoantibodies at the expense of
the anti-influenza response. Our results show, how-
ever, that impaired in vitro response was not
associated either with immunosuppressive therapy
or with active disease. The in vitro non-responders
had higher serum anti-DNA levels than responders,

but no rise in titre was seen after vaccination, and
anti-double-stranded DNA antibodies were not
detected in any of the culture supernatants on
stimulation with influenza virus.
An alternative explanation for failure of in vitro

response in certain autoimmune patients could be
sequestration of influenza activated B cells in the
lymphoid tissue, as demonstrated by Souhami et al
for the response to varicella in patients with
Hodgkin's disease. '3 We have demonstrated specific
antibody production by lymph node lymphocytes in
in vitro non-responders (unpublished data), sug-
gesting that such sequestration may indeed occur.
Although there was no clear correlation between
in vitro and in vivo antibody responses, careful
matching of patients for age, disease, therapy, and
previous vaccination showed significantly lower
serum responses in the in vitro non-responders. So it
would appear that there is also some generalised
impairment of the immune response to influenza
antigen in these patients.
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