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Abstract Macrophagic myofasciitis (MMF) characterized by specific muscle lesions assessing long-term persistence of aluminum hydroxide within macrophages at
the site of previous immunization has been reported with
increasing frequency in the past 10 years. We describe clinical and laboratory findings in patients with MMF. We did a
retrospective analysis of 16 cases observed in our Neuropathology Laboratory, between January 2000 and July 2013.
The mean age of the 16 patients was 48.8 ± 18.0 years;
80.0 % were female. Chronic fatigue syndrome was found
in 8 of 16 patients. Half of the patients had elevated creatinine kinase levels, and 25.0 % had a myopathic electromyogram. Thirteen patients received intramuscular administration of aluminum-containing vaccine prior to the onset
of symptoms. MMF may mirror a distinctive pattern of an
inflammatory myopathy. The vaccines containing this adjuvant may trigger MMF in some patients.
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Introduction
Macrophagic myofasciitis (MMF) is an uncommon aluminum-induced myopathic syndrome reported for the first
time in France in 1998 [1]. This syndrome is characterized
by specific muscle lesions assessing long-term persistence
of aluminum hydroxide within macrophages at the site of
previous immunization [2]. Recently, MMF was categorized under a common syndrome entitled “Autoimmune/
inflammatory Syndrome Induced by Adjuvants” [3].
Electron microscopy, microanalytical studies, experimental procedures, and an epidemiological study demonstrated that the lesion is due to persistence for years, at the
site of injection, of an aluminum hydroxide adjuvant used
in vaccines against hepatitis A virus, hepatitis B virus, and
tetanus toxoid [3]. This adjuvant is known to potently stimulate the immune system and to shift the immune responses
toward a Th-2 profile. It is plausible that persistent systemic immune activation represents the pathophysiologic
basis of MMF.
Over 400 cases of MMF have been described in the literature [4]. Most of the cases of MMF recognized so far
are from France, and isolated cases have been recorded in
the USA and other European countries [5–7]. The present
study was conducted to determine clinical and laboratory
findings in patients with MMF.

Materials and methods
All patients with biopsy-proven MMF, between January
2003 and July 2013, from our Neuropathology Department
were included in the study.
MMF was diagnosed on the basis of evidence of (1)
well-circumscribed sheets of densely packed, large,
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Fig. 1  Deltoid muscle biopsy of patients with MMF (light microscopy). a ×50, Hematoxylin and eosin, macrophagic perifascicular
infiltrate; b ×400, hematoxylin and eosin, macrophagic perifascicular

infiltrate in detail; c ×400, extensive infiltration of PAS-positive diastase resistant; d ×400, aluminum-containing macrophages (in purple) stained by aluminum–beryllium staining

nonepithelioid macrophages with a finely granular, periodic
acid-Schiff-positive content in the connective structures of
the muscle, perimysium, and epimysium (Fig. 1a–c), (2)
lymphocytic infiltrates intermingled with macrophages, (3)
absence of significant muscle injury, and (4) macrophages
with intracytoplasmic aluminum stained by the technique
of aluminum–beryllium (Solocromo-Azurina) (Fig. 1d).
Medical records were retrospectively examined for age,
gender, age at diagnosis, initial symptoms, laboratory findings (including creatine kinase levels, aldolase, autoimmunity), and electromyographic results. All patients were
evaluated by a Neurologist at the time of diagnosis of their
muscle disease. In addition, in each patient, we determined
by telephone interview the history of immunization.

Table 1  Clinical and laboratory findings in 16 patients with macrophagic myofasciitis

Results
Clinical and laboratory findings in 16 patients with MMF
are summarized in Table 1. Of the 16 patients, 80 % were
female. The mean age of patients was 48.8 years (range
27–85 years). Delay elapsed from first symptoms to biopsy
was 51.9 months (3–180 months).
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Age (years)a
Gender (female)b
Age at diagnosis/biopsy (years)a
Symptom duration before diagnosis (months)a
Myalgia/myopathy/muscle weaknessb
Arthralgiab
Responsive to steroidsb
Associated diagnosis
Chronic fatigue syndromeb
Dermatomyositisb
Othersb
History of vaccinationb
Delay between vaccination and symptoms (months)b
Abnormal laboratory findings
CK levels >145 U/mlb
Aldolase >7.6 U/Lb

48.8 ± 18.0
13/16 (80)
44.9 ± 18.1
64.8 ± 60.3
9/16 (56.3)
2/16 (12.5)
1/5 (20.0)

EMG (myopathic)b

4/9 (44.4)

CK creatine kinase, EMG electromyogram
a
b

Values shown as mean ± standard deviation
Values shown as n (%)

8/16 (50.0)
2/16 (12.5)
6/16 (37.5)
13/16 (81.3)
51 (3–192)
8/16 (50.0)
2/4 (50.0)
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This group of 16 patients was referred with the presumptive diagnosis of chronic fatigue syndrome (CFS)
[8], dermatomyositis [2], myasthenia gravis or muscle
dystrophy or metabolic myopathy or migraine (one each).
Two patients had their diagnosis in progress. Their symptoms included myalgias (10/16), marked asthenia (10/16),
muscle weakness (10/16), and arthralgia (2/16). Six of 13
patients had a positive ANA screening with a speckled
pattern in 4 and a homogeneous pattern in two patients.
Abnormal laboratory findings included elevated creatinine
kinase levels in half of the patients, aldolase elevated in
12.5 % (2/16), and a myopathic electromyogram in 25.0 %
(4/16) of the patients.
A history of vaccination was available for 13 of 16
patients. All 13 patients had received intramuscular administration of aluminum-containing vaccine prior to the onset
of muscular symptoms, and the delay from the last vaccination to the first manifestations ranged from 3 to 192 months
(mean 51 months).

Discussion
In our retrospective study, we described 16 cases of MMF.
This condition was more common in female adults and
associated with CFS, a complex multidimensional condition in which fatigue can manifest in multiple forms including disabling fatigue [8].
Some authors highlighted a possible mechanism
whereby vaccination involving aluminum-containing adjuvants could trigger the cascade of immunological events
that are associated with autoimmune conditions including CFS and MMF [8]. The immune adjuvant effect of
aluminum has been recognized for several decades [8, 9].
Adjuvants increase innate and adaptive immune responses.
In addition, they may function as delivery systems by creating depots that trap antigens at the site of infection, providing slow release in order to continue the stimulation of the
immune system, thus enhancing the antigen persistence at
the injection site and increasing recruitment and activation
of antigen-presenting cells (depot’s effect) [9]. Aluminumcontaining adjuvants stimulate the activation of dendritic
cells, lymphocytes, macrophages, uric acid, and intracellular Nalp3 inflammasome system [9].
Thus, adjuvants increase the local reaction to antigens
(e.g., at the site of infection) and subsequently the release
of chemokines and cytokines, such as IL-1 and IL-18.
Moreover, 15–20 % of the MMF cases are associated
with an autoimmune disease or a neuromuscular disorder
such as MS-like demyelinating disorders, Hashimoto’s thyroiditis, dermatomyositis, myasthenia gravis, and inclusion
body myositis [10, 11]. The coexistence with dermatomyositis is rare, the precise relationship between these two
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conditions is unknown, and it has been suggested an individual susceptibility to developing muscle disease [12].
The link between symptoms and pathology in cases
of MMF is not fully understood, but animal studies have
demonstrated widespread systemic distribution of aluminum-containing macrophages following vaccination [4].
Affected patients may have myopathic pattern on electrophysiology and raised creatine kinase [4].
Permanence time of aluminum hydroxide in human
muscle has not been established despite of its long use in
vaccines [9]. Phagocytized aluminum hydroxide increases
survival of macrophages and synergizes the effects of
monocyte colony-stimulating factor and granulocyte/monocyte colony-stimulating factors. Some aluminum-containing macrophages accumulate locally, while others migrate
to regional lymph node [8].
Antigen presentation at the injection site is assessed by
the presence of lymphocytes and plasma cell infiltrates in the
zone of macrophages, creating the immunogenic granuloma.
Time elapsed from last vaccination to histological detection of MMF could be very long, and this may depend
on inter-subject variation in the clearance process of aluminum [13]. In a large series of MMF cases, all had been
immunized 3 months–8 years before muscle biopsy with
aluminum-containing vaccines [3]. In our retrospective
study, there was an unusually long duration between vaccination and the onset of symptoms (3 months–16 years).
Although it is not possible to prove a causal link, the presence of persistent aluminum-containing macrophages and
typical symptoms supports a diagnosis of MMF.
Cognitive dysfunction and multiple sclerosis-like disorders have also been documented in a subgroup of patients
with MMF [12].
We point out that cases of MMF can be diagnosed without any relation to alum-containing vaccination [14], suggesting that other causes unrelated to vaccination need to
be investigated in the pathogenesis of MMF.
Why is there a discrepancy between the wide application
of aluminum-containing vaccines and the limited number
of MMF cases reported in the literature?
Firstly, it seems that a genetic predisposition influences
the occurrence of MMF. Two studies have implicated the
HLA-DRB1 typing as a predictor of an increased risk
for development of MMF [15]. Moreover, a significantly
increased frequency of HLA-DRB1 was observed in
patients with MMF compared with controls [16].
Secondly, we hypothesized that other factors, including
drugs, environmental and toxic factors, may influence the
clinical manifestations of MMF [3]. Thirdly, the degree of
local macrophage infiltration in the muscle may also influence the clinical manifestations.
Consequently, we suggest that patients with myalgia,
marked asthenia, muscle weakness, chronic fatigue should

13

192

Rheumatol Int (2015) 35:189–192

be carefully checked for a history of aluminum-containing
adjuvants in vaccines, and if there is consistent chronology,
a muscle biopsy to search for MMF at the site of injection should be considered, even many years after onset of
symptoms.
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Conclusion
Macrophagic myofasciitis is a relatively new condition
characterized mainly by post-vaccination inflammatory
muscle disorder systemic manifestations and a distinctive
pathological pattern on muscle biopsy. On the basis of the
accumulated data, this immune-mediated condition that
may be triggered by exposure to alum-containing vaccines,
in patients with a specific genetic background, and the temporal association may be manifested from a few months up
to 15 years.
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