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F59 adjuvant is an oil-in-water
emulsion consisting of microvesiOBJECTIVE: To describe 2 cases of autoimmune hemolytic anemia (AIHA)
cles made by a drop of squalene surfollowing the administration of MF59-adjuvanted influenza vaccine.
rounded by a monolayer of nonionic deCASE SUMMARY: An 83-year-old white woman developed persistent hyperpyrexia,
tergents. It has been the first adjuvant depolyarthralgia, and lower limb hypostenia about 2 days after receiving influenza
vaccine. Clinical signs and laboratory evaluations suggested AIHA. The patient
veloped for human use to be licensed
was treated with high-dose corticosteroids and immunoglobulins, and her clinical
since the introduction of aluminum as an
condition improved. A 74-year-old white woman developed severe abdominal pain
adjuvant and, as a part of an enhanced
and asthenia 3 days after the administration of influenza vaccine. Clinical signs and
influenza vaccine for the elderly, it is
laboratory evaluations disclosed AIHA. She was treated with corticosteroids,
now commercially available in 23 counrehydration, and blood transfusion; however, she died about 48 hours after
hospitalization.
tries worldwide, including Italy and other 11 European Union countries (not auDISCUSSION: AIHA has been rarely described following influenza vaccine
administration. In the cases described here, the causal relationship between
thorized in the US).1
influenza vaccination and the occurrence of AIHA, assessed by means of World
Trivalent inactivated-subunit influenHealth Organization criteria, was scored as probable. It has been proposed that
za vaccine adjuvanted with MF59 has
the mechanism whereby vaccines induce autoimmune responses can be
shown higher immunogenicity commolecular mimicry, although a possible role of other vaccine constituents, with
particular regard for adjuvants, such as MF59, can not be excluded. Squalene, a
pared with nonadjuvanted vaccines.2,3
constituent of MF59, has been suggested as a causative agent of autoimmune
The most frequent adverse events assoreactions. However, it is not clear how and under what conditions squalene can
ciated with MF59-adjuvanted vaccine
cause immune responses.
influenza include flu-like syndrome (ie,
CONCLUSIONS: Influenza vaccination may rarely trigger severe AIHA, shortly after
myalgia, respiratory symptoms, and
vaccine administration. A mechanism of molecular mimicry is probably involved
fever) and injection site reactions,
in the development of these reactions, although the possible role of adjuvants
which are usually transient and mild-tocan not be excluded. Patients should be instructed to report signs and symptoms
of autoimmune disorders occurring in the first weeks after administration of
moderate in severity.2 Cases of severe
influenza vaccine.
hematologic adverse reactions, includKEY WORDS: autoimmune hemolytic anemia, MF59-adjuvanted influenza vaccine.
ing autoimmune hemolytic anemia
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(AIHA), following influenza vaccination have been rarely reported in the
Published Online, 28 Dec 2010, theannals.com, DOI 10.1345/aph.1P480
medical literature.4,5 We describe 2 cases of AIHA in patients treated with intramuscular trivalent MF59-adjuvanted
Case Reports
influenza vaccine, reported to the Italian PharmacovigiCASE 1
lance Network.
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In November 2006, an 83-year-old white woman developed persistent hyperpyrexia, polyarthralgia, and lower
limb hypostenia about 2 days after receiving intramuscular
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influenza vaccine.a No concomitant treatments with other
medications or parapharmaceutical products were reported. Her clinical history did not include allergy or immune
diseases. Laboratory parameters, evaluated at admission,
are listed in Table 1. Virologic assessments were negative
for hepatitis B virus (HBV), hepatitis C virus (HCV), HIV,
Epstein-Barr virus (EBV) and cytomegalovirus. Cerebrospinal fluid analysis showed an increase in albumin level (7.3 g/dL), which was interpreted by physicians as indication that the blood-brain barrier had been compromised.
Chest X-ray, electrocardiogram, and computed tomography scan did not detect any relevant findings. Magnetic
resonance imaging suggested myelitis. Based on clinical
signs and laboratory evaluations (ie, decrease in red blood
cells, hemoglobin and hematocrit, increase in reticulocytes
and total bilirubin, and positive direct Coombs test), AIHA
was diagnosed. The patient was treated intravenously with
high-dose corticosteroids and immunoglobulins (2 g/kg),
and her clinical condition improved. Complete recovery
was achieved in about 10 days.
CASE 2

A 74-year-old white woman had a history of aortic
valvulopathy treated chronically with low-dose aspirin
(100 mg/day orally), atenolol (100 mg/day orally), and
ramipril (5 mg/day orally). In October 2009, she presented
to the emergency department with severe abdominal pain
and asthenia, in the absence of hyperpyrexia, 3 days after
intramuscular administration of influenza vaccine.b The
clinical signs and laboratory evaluations, indicating
marked reductions of red blood cells, hemoglobin, haptoglobin, and hematocrit, together with increments of total
bilirubin and positive direct Coombs test, supported the
diagnosis of AIHA (Table 1), and the patient was hospitalized. At that time, when the patient’s blood type was determined, the presence of autoantibodies was detected. A
few hours after presentation, the patient developed jaundice; her renal function was normal. Virologic assessments excluded HBV, HCV, HIV, EBV, and cytomegalovirus. Her clinical history did not disclose allergy
or immune diseases. She was treated with corticosteroids,
rehydration, and blood transfusion, with a modest im-

a
Fluad, Novartis Vaccine and Diagnostic, Siena, Italy. Surface antigens (hemagglutinin and neuraminidase of influenza virus containing the following strains: A/New
Caledonia/20/99 [H1N1], equivalent strain [A/New Caledonia/20/99 IVR-116] 15 µg
hemagglutinin; A/Wisconsin/67/2005 [H3N2], equivalent strain [A/Hiroshima/52/2005
IVR 142] 15 µg hemagglutinin; B/Malaysia/2506/2004, equivalent strain
[B/Malaysia/2506/2004] 15 µg hemagglutinin; cultivated in eggs and adjuvanted
with MF59).
b
Fluad, Novartis Vaccine and Diagnostic, Siena, Italy. Surface antigens (hemagglutinin and neuraminidase of influenza virus containing the following strains: A/Brisbane/59/2007 [H1N1], equivalent strain [A/Brisbane/59/2007, IVR-148], 15 µg hemagglutinin; A/Brisbane/10/2007 [H3N2], equivalent strain [A/Uruguay/716/2007, NYMC
X-175C] 15 µg hemagglutinin; B/Brisbane/60/2008, equivalent strain [B/Brisbane/60/2008], 15 µg hemagglutinin; cultivated in eggs and adjuvanted with MF59).
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provement of hemoglobin (5.5 g/dL) 24 hours after the
first assessment. Nevertheless, her clinical condition remained critical and, about 48 hours after hospitalization,
despite a temporary improvement of laboratory parameters, the patient died.
Discussion
A causal relationship between influenza vaccination and
the occurrence of AIHA, assessed by means of World Health
Organization criteria,6 was scored as probable in both cases.
Adverse reactions associated with adjuvanted vaccines
can be classified as short-term (up to a 1-day risk period),
such as allergic reactions; medium-term (1-week risk period), such as local and systemic reactions, including rash,
seizures, and unspecified adverse events; and long-term (1
week to 1 month and more than 1-month risk window),
such as possible delayed reactions to immunization that
might occur via immune-mediated mechanisms.7
To our knowledge, only 2 cases4,5 of AIHA associated
with influenza vaccine have been reported in the medical
literature, both as a part of a clinical picture of thrombotic
microangiopathy; the reactions occurred 5 and 14 days after vaccine administration. Of note, there were no signs of
thrombotic microangiopathy in our 2 patients.

Table 1. Laboratory Parameters at the Time of Admission
Parameter
(reference range)
3

Case 1

Case 2

WBCs, /mm (5,000-10,000)

13,900

9,000

RBCs, × 106/mm3 (4.4-5.6)

3.36

0.45

Platelets, /mm3 (150,000-400,000)

291,000

216,000

Neutrophils, % (40-75)

79.3

Lymphocytes, % (20-40)

12.3

Hemoglobin, g/dL (12-16)

8.3

4.6

Hematocrit, % (37-46)

28.8

4.2
5.4

Reticulocytes, % (0.5-1.5)

3.6

ESR, mm/h (10-20)

120

CRP, mg/L (<10)

141.8

Serum iron, µg/dL (49-151)

19

Haptoglobin, mg/dL (50-300)

27.9

<7

Total bilirubin, mg/dL (0.1-1.2)

8.60

9.41

Direct bilirubin, mg/dL (0.1-0.25)

1.40

1.61

DCT

positive

positive

DCT IgG

positive

DCT IgA

positive

DCT IgM

positive

DCT C3c

positive

DCT C3d

positive

ICT

positive

positive

CRP = C-reactive protein; DCT = direct Coombs test; ESR = erythrocyte sedimentation rate; ICT = indirect Coombs test; RBCs = red blood
cells; WBCs = white blood cells.
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In both cases, the short time lag between vaccination
and onset of symptoms (2 and 3 days) is strongly suggestive of a causal relationship. Furthermore, major alternative explanations for the occurrence of AIHA are unlikely,
since several viral infections and malignancies were ruled
out by blood analysis and imaging evaluations. However,
the available data do not allow exclusion of the possible
contribution of other infectious diseases, particularly in patient 1, who, together with the picture of AIHA, displayed
clinical and laboratory signs consistent with an inflammatory activity of possible infectious origin (ie, hyperpyrexia
and elevated white blood cell count, erythrocyte sedimentation rate, and C-reactive protein). It is noteworthy that,
among the concomitant medications reported in patient 2,
hemolytic anemia has been described in patients treated
with aspirin,8 and it is labeled also in the adverse reaction
section of ramipril summary of product characteristics.9
However, since the woman had been receiving chronic
treatment with aspirin and ramipril at the time of AIHA
onset, their causative role in the occurrence of this adverse
event appears to be unlikely.
A probable mechanism whereby vaccines may induce
autoimmune responses is molecular mimicry, which is defined as the possibility that amino acid sequence similarities between foreign and self peptides are sufficient to elicit
cross activation of autoreactive T or B cells by pathogenderived peptides. Despite the indiscriminate nature of several peptide sequences, which can be both foreign and self,
a single antibody clone or T cell receptor can be activated
by even a few crucial amino acid residues, a circumstance
that highlights the importance of structural homology in
the theory of molecular mimicry. Upon activation of B or
T cells, it is believed that these “peptide mimic” specific
immune cells can cross react with self-epitopes, thus leading to pathologic events (autoimmunity).10 Molecular
mimicry usually requires several days following the first
exposure to an antigen.11 However, as prior influenza infections or vaccinations can not be excluded, a second exposure to the same antigen or a similar one might elicit an adverse response within a shorter period. When considering
other mechanisms accounting for autoimmune reactions, it
is worthy to note that the increased risk of autoimmunity
among recipients of vaccines may stem not solely from
antigenic-mediated responses, but also from other constituents of the vaccine, such as yeasts, adjuvants, and
preservatives.11 Adjuvants are known to rarely induce autoimmune reactions, which have been designated as “adjuvant disease.” However, in most cases, the rarity of postinfluenza vaccination autoimmunity makes it difficult to
establish a clear causal relationship.
In general, the etiopathogenesis of autoimmune disorders remains unknown. However, in the past decades, vaccines were suggested as possible causative agents for autoimmune diseases.12 These autoimmune events often detheannals.com

velop within a few days after vaccine administration and
usually have a favorable outcome. Among these adverse
events, Guillain-Barré syndrome remains the most frequently reported autoimmune reaction following influenza
vaccination.13 However, other manifestations of autoimmune responses, including vasculitis and hematologic
events, such as thrombocytopenia and AIHA, have also
been rarely reported.14-16
The safety of vaccine formulations represents one of the
major limiting factors in the introduction of new vaccine
adjuvants. MF59 adjuvant has been developed to enhance
the immunogenicity of recombinant and subunit antigens.
Extensive clinical immunogenicity and safety information
on various MF59-adjuvanted vaccine antigens has been
shown in clinical trials during the last 15 years. Current
data show that MF59-adjuvanted antigens can elicit a
marked antibody response, allowing the amount of antigen
in the vaccine to be reduced, while remaining safe and
generally well tolerated.17 MF59 adjuvant contains squalene, a natural component of cell membranes involved in
the biosynthesis of cholesterol.18 Some studies have evaluated the possible immunotoxicologic effects of squalenebased adjuvants and have described the presence of antibodies to squalene among individuals who had received
anthrax vaccine, although these findings remain controversial.19 The possibility of autoimmunity induction by squalene is of particular interest, since it is an endogenous lipidic compound that is abundant in serum and it acts as a
normal precursor of cholesterol and steroid hormones.20
How and under what conditions such a compound of endogenous origin can cause immune reactions remain unclear. However, several studies have established that MF59
can stimulate the formation of a local immunostimulant
environment at the injection site, thus promoting localized
activation of immune cells.21
Available evidence suggests a lack of significant difference in the risk of autoimmune adverse events between
MF59-adjuvanted influenza vaccine [MF59(+)] and influenza vaccine not adjuvanted with MF59 [MF59(–)]. Indeed, a low number of adverse events of potential autoimmune origin was reported following the analysis of 64 trials, where a total of 20,447 subjects had received MF59(+)
and 7526 MF59(–) influenza vaccines. Five cases (2 cases
of Crohn’s disease and single cases of type 1 diabetes mellitus, rheumatoid arthritis, and multiple sclerosis) were
found in the MF59(+) group; 2 adverse events (rheumatoid
arthritis and temporal arteritis) were recorded in the
MF59(–) group.22
In conclusion, influenza vaccination may rarely trigger
severe AIHA shortly after vaccine administration and, in
very rare cases, may result in mortality. The etiopathogenesis of autoimmune disorders induced by influenza vaccination remains unclear. However, a mechanism of molecular
mimicry is probably involved in the development of these
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reactions, although the possible role of adjuvants cannot be
excluded. Further investigations are needed to assess possible risk factors. Patients should be instructed to report signs
and symptoms of autoimmune disorders occurring in the
first weeks after administration of influenza vaccine.
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