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The insect microsporidian Anncaliia algerae was first
described in 2004 as a cause of fatal myositis in an immu-
nosuppressed person from Pennsylvania, USA. Two cases
were subsequently reported, and we detail 2 additional cas-
es, including the only nonfatal case. We reviewed all 5 case
histories with respect to clinical characteristics, diagnosis,
and management and summarized organism life cycle and
epidemiology. Before infection, all case-patients were us-
ing immunosuppressive medications for rheumatoid arthritis
or solid-organ transplantation. Four of the 5 case-patients
were from Australia. All diagnoses were confirmed by skel-
etal muscle biopsy; however, peripheral nerves and other
tissues may be infected. The surviving patient received
albendazole and had a reduction of immunosuppressive
medications and measures to prevent complications. Al-
though insects are the natural hosts for A. algerae, human
contact with water contaminated by spores may be a mode
of transmission. A. algerae has emerged as a cause of myo-
sitis, particularly in coastal Australia.
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Microsporidia is a phylum of eukaryotes that contains
almost 160 genera (/). Related to fungi, they are obli-
gate intracellular organisms that spread among hosts through
a spore stage (/). The microsporidian Anncaliia algerae, for-
mer genera Nosema and Brachiola, is an emerging human
pathogen that primarily infects insects (2—7). 4. algerae has
caused severe myositis in patients taking immunosuppres-
sive medication for rheumatoid arthritis or solid-organ trans-
plantation (3,5,8). It also has led to skin abscesses and an
infection of the false vocal cord in patients receiving chemo-
therapy for hematologic malignancies and caused keratitis in
a man with no significant medical history (2,4,6).

Two other species of Anncaliia are reported to cause
myositis in humans (9). A. vesicularum caused infection
localized to the skeletal muscle in a patient with HIV (9).
Another Anncaliia species, probably A. connori, led to dis-
seminated infection in an infant who had thymic dysplasia
and malabsorption syndrome (9,/0). Autopsy demonstrated
microsporidia in myocytes from the heart and diaphragm
and the muscularis of the gut and arteries (/0). Organisms
also were seen in the alveolar septae, renal tubular cells, and
parenchyma of the adrenal glands and liver (/0). Microspo-
ridia of the genera, Trachipleistophora, Pleistophora, and
Tubulinosema also can cause myositis in immunocompro-
mised hosts (//—17); the infection can be localized or part of
a disseminated infection. A recent case report from Thailand
described an infection caused by a novel microsporidia, re-
lated to Endoreticulatus spp, in the skeletal muscle, urinary
tract, and bone marrow of a previously healthy man (/8).

A. algerae myositis was first described in 2004 in a
patient from Pennsylvania, USA, who had rheumatoid ar-
thritis (3). Two patients in subsequent reports had histories
of lung transplantation, 1 with a recent renal transplantation
(5,8). We describe 2 additional cases of A. algerae myositis
in patients with histories of rheumatoid arthritis, including
1 who survived. Four of these 5 case-patients were from
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the east coast of Australia. We have reviewed all 5 case
histories with respect to clinical characteristics, diagnosis,
and management (Tables 1, 2) and summarized organism
life cycle and epidemiology.

Case Reports

We have designated persons with the cases of 4. al-
gerae myositis described here as case-patients A and B
and those with cases reported in 2004, 2012, and 2013 as
case-patients 1, 2, and 3, respectively (3,5,8). We reviewed
the medical records of case-patients 2 and 3 to obtain ad-
ditional information.

Case-patient A

In 2011, a 67-year-old man from coastal New South
Wales, Australia, sought care at hospital for an 8-week histo-
ry of watery diarrhea; weight loss; and increasing arthralgias,
fatigue, lethargy, and generalized myalgias. He had rheuma-
toid factor—positive rheumatoid arthritis that was diagnosed
when he was in his early twenties, with fluctuating joint dis-
ease, but no extra-articular involvement. Therapy preceding
the illness included long-term methotrexate (20 mg weekly);
leflunomide (20 mg/d), which was stopped 1 week before
he sought care at a hospital; prednisone (5 mg/d); etaner-
cept (antitumor necrosis factor a therapy) for 5 months; and
nonsteroidal anti-inflammatory drugs (NSAIDs). Serum cre-
atinine and liver function tests were moderately elevated.
The methotrexate, etanercept, and NSAIDs were stopped; he
responded to intravenous rehydration; his serum creatinine
normalized; and he was discharged after 3 days.

The man’s symptoms progressed, dysphagia devel-
oped, and he was readmitted to the hospital 2 weeks later.
He had generalized weakness in the upper and lower limbs

of Medical Research Council grade 3+ to 4, distal greater
than proximal, absent or reduced reflexes, and no clinical
sensory abnormalities. Mild peripheral edema was present.
He had mild glossitis but no mouth ulcers. He was noted
to be at significant risk for aspiration because of bulbar
muscle weakness and was not permitted to eat or drink by
mouth; nasogastric feeding was begun. Prednisone was in-
creased to 25 mg/d. His condition deteriorated despite 5
days of intravenous immunoglobulin for possible Guillain-
Barré syndrome, and he was transferred to a Sydney ter-
tiary referral hospital.

No cause for the diarrthea was found on fecal bacte-
rial culture; examination for ova, cysts, and parasites; and
modified trichrome staining for microsporidia (Table 2). A
pulmonary infiltrate was present on computed tomographic
(CT) scan. Results of magnetic resonance imaging of the
brain and spinal cord were normal. Neurophysiologic studies
showed reduced motor and sensory amplitudes and F wave
persistence; electromyography demonstrated marked fibril-
lations and positive sharp waves, with only a mildly reduced
pattern, suggesting mixed myositis and neuropathy.

An immediate vastus lateralis muscle biopsy was
performed. Light microscopy demonstrated a necrotizing
myositis with numerous ovoid spores (Figure 1). Electron
microscopy confirmed the diagnosis of microsporidial my-
ositis with features characteristic of 4. algerae (Figure 2).
DNA was extracted from the muscle biopsy specimen, and
part of the small subunit ribosomal RNA gene was ampli-
fied by PCR in accordance with a published method (35).
Sequence analysis was consistent with A. algerae.

Prednisone was reduced to 5 mg, and leflunomide was
washed out with cholestyramine. Albendazole (400 mg
2x/d), sulfadiazine (1 g 4x/d) and pyrimethamine (50 mg/d)

Table 1. Epidemiologic and clinical characteristics of Anncaliia algerae myositis case-patients*

Characteristic Case-patient A Case-patient B Case-patient 1 (3)  Case-patient 2 (5)  Case-patient 3 (8)

Age, y/sex 67/M 66/M 57/F 49/M 56/M

Residence Port Macquarie, Sydney, NSW, PA, USA Woolongong, NSW, Rutherford,
NSW, Australia Australia Australia NSW, Australia

Distance from residence <100 to golf course <100 to golf course ND <200 to coastal <100 to golf course

to open land, m woodland

Background illness RA RA RA, T2DM Lung Tx, T1IDM, CD Lung Tx, kidney Tx

Immunosuppression MTX, CS, LEF, MTX
ETN

Fever Yes Yes
Fatigue Yes Yes
Weight loss Yes Yes
Weakness Yes Yes
Generalized pain Yes Yes
Dysphagia Yes Yes
Glossitis Yes Yes
Peripheral edema Yes Yes
Diarrhea Yes No
CNS abnormalities No Delirium

MTX, CS, LEF, IFX AZ, TAC, MMF, CS TAC, MMF, CS
Yes Yes Yes
Yes Yes Yes
ND Yes Yes
Yes Yes Yes
Yes Yes Yes
ND Yes Yes
ND Yes Yes
ND Yes Yes
ND Yes Yes
Cerebrovascular Delirium, seizurest Delirium

infarction

*NSW, New South Wales; PA, Pennsylvania; ND, not described in publication; RA, rheumatoid arthritis; T2DM, type 2 diabetes mellitus. Tx,
transplantation; T1DM, type 1 diabetes mellitus; CD, Crohn disease; MTX, methotrexate; CS, corticosteroids; LEF, leflunomide; ETN, ertanercept; IFX:
infliximab; AZ, azathioprine; TAC, tacrolimus; MMF, mycophenolate mofetil; CNS, central nervous system.

tMagnetic resonance imaging consistent with cerebral vasculitis; might have been caused by coexistent Aspergillus infection.
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Table 2. Diagnostic test results, management, and outcome for persons with Anncaliia algerae myositis*

Variablet Case-patient A Case-patient B Case-patient 1 (3) Case-patient 2 (5) Case-patient 3 (8)
Hemoglobin, g/L (130-180)% 95 122 ND 100 96
Lymphocytes x10%/L (1.5-4.0) 0.3 0.4 ND 0.2 0.1
CK U/L, peak (<200) 2,028 6,630 6,337 685 441
ALT, U/L (<45) 154 93 ND 66 50
AST, U/L (<45) 320 210 ND 129 70
ESR, mm/hr (0—14) 85 26 ND 38 30
CRP, mg/L (<3) 152 134 ND 16 41
Serum albumin, lowest, g/L (33-48) 21 19 ND 19 14
Serum creatinine, pmol/L (60-100)§ 44 202 ND 81 216
Urinary protein, g/24 h (<0.1){ 0.56 1.8 ND NT 1.53
Fecal stain# No NT ND No microsporidia  No microsporidia
microsporidia
Neurophysiology/EMG Myopathy; Myopathy; ND Myopathy; axonal Myopathy; axonal
axonal axonal neuropathy neuropathy
neuropathy neuropathy
Negative biopsy/fluid sites CSF Esophagus, Tracheal aspirate Bone marrow, NT
stomach, lung, rectum,
duodenum BAL, CSF
Positive biopsy sites Vastus lateralis Vastus lateralis Quadriceps Deltoid, tongue Deltoid
femoris™*
A. algerae sequence Yes Yes Yes Yes Yes
Immunosuppression reduced Yes Yes Yes Yes Yes
Albendazole Yes No Yes No Yes
Outcome Survived >18  Died, aspiration Died, stroke Died, palliated Died, aspiration
mo pneumonia pneumonia

*ND, not described in publication; CK, creatinine kinase; ALT, alanine transaminase; AST, aspartate transaminase; ESR, erythrocyte sedimentation rate;
CRP, C-reactive protein; EMG, electromyography; NT, not tested; CSF, cerebrospinal fluid; BAL, bronchoalveolar lavage.
tBiochemical and hematologic values are from the most recent visit to hospital, unless otherwise indicated. Reference values are in parentheses.

FAnemia was normocytic.

§Case-patient A: serum creatinine was higher (150 umol/L) at the first admission; case-patient B: baseline creatinine was ~160upmol/L; case-patient 3:

preexisting renal impairment, with transplant.

{[Case-patient A: urinary myoglobin was negative; case-patient B urinary albumin:creatinine ratio 8 mo previously was normal; case-patient 3: urinary

protein 2 mo previously was 0.68 g/24 h.
#Modified trichrome stain on concentrated feces.
**Component of quadriceps femoris not specified in publication.

were begun. Fevers developed, and the patient’s condition
continued to deteriorate for a week, reached a nadir, and
progressively improved, despite cessation of albendazole
after 3 weeks because of vomiting and abnormal liver func-
tion test results. Creatine kinase (CK) normalized at 12
months after hospital admission. At 18 months follow-up,
there was no indication of infection, and the patient had
regained full strength. His rheumatoid arthritis was con-
trolled with NSAIDs, prednisone (5 mg/d), and injectable
gold. Follow-up neurophysiology showed full recovery of
nerve conduction velocities and amplitudes.

Case-patient B

In 2006, a 66-year-old man from suburban Sydney, New
South Wales, sought care at hospital for a 5-week history of
progressive generalized muscle pain, lethargy, weight loss,
poor appetite, low mood, difficulty sleeping, fevers, pain in
the mouth, difficulty swallowing, and discomfort on open-
ing the mouth. He had rheumatoid factor—positive rheuma-
toid arthritis diagnosed 2 years previously, with no extra-
articular manifestations. He was treated with methotrexate
for 22 months, with the dose gradually increased to 25 mg
per week. This drug was stopped 2 weeks before hospital
admission because of concerns about toxicity. Prednisone
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was begun 4 weeks before hospital admission (maximum
dose 50 mg/d for 1 week).

The patient had fevers (maximum temperature
39.5°C); tachycardia; oropharyngeal mucositis; glossitis;
macroglossia; a tongue ulcer; decreased tongue move-
ments; trismus; peripheral edema; tenderness on palpation
of the limbs; mild bilateral facial weakness; and upper and
lower limb weakness, marked in the hands. Pain limited
grading of the weakness; however, mobilization was pos-
sible. Sensation was normal, and reflexes were present.

Investigation results included methotrexate level <0.1
pmol/L, IgG (subtype 1) 1.65 g/L (reference 4.9-11.4) and
(subtype 2) 0.78 g/L (reference 1.50-6.4), and troponin I
0.7 pg/L (reference <0.1) (Table 2). The urine contained
no cellular casts. Transthoracic echocardiography showed
normal left ventricular function. Noncontrast CT scan of
the brain showed no abnormalities. Neurophysiologic stud-
ies revealed a mild axonal type neuropathy, and electromy-
ography results were consistent with an active myopathic
process in multiple muscles.

Broad-spectrum antimicrobial drug therapy, acyclovir,
and intravenous immunoglobulin were given. The cortico-
steroid dose was reduced with a weaning regimen. Vastus
lateralis muscle biopsies were performed =2 weeks into
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hospitalization. Histopathologic examination demonstrated
large numbers of round, predominantly extracellular, 3- to
4-um organisms. Specimens from esophageal, gastric, and
duodenal biopsies did not contain organisms. Liposomal am-
photericin B was begun to treat a presumed fungal infection.

The patient remained febrile, and his condition wors-
ened. Nasogastric feeding was begun because of bulbar
muscle weakness. Several other complications developed,
including atrial fibrillation, delirium, and acute renal failure
requiring dialysis. He died 4 weeks after admission after a
nasopharyngeal bleed that led to aspiration pneumonia. Sub-
sequent electron microscopy of the muscle biopsy demon-
strated myositis caused by 4. algerae (Figure 2). As with
case-patient A, the partial sequence of the small subunit ribo-
somal RNA gene from the muscle biopsy was homologous
with 4. algerae.

— n_t
Figure 1. Light micrographs of muscle biopsy tissue from a 67-year-
old man (case-patient A), New South Wales, Australia, showing
microsporidial myositis caused by Anncaliia algerae. A) Necrotizing
myositis with prominent inflammation and spores within the necrotic
cytoplasm of a myocyte (arrow). Hematoxylin and eosin stain. B)
Numerous dark brown to black, 3- to 4-um ovoid spores in necrotic
myocytes. Warthin-Starry stain.
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Discussion

In the cases reported here, A. algerae myositis caused
fever, weight loss, fatigue, generalized muscle weakness
and pain, dysphagia, glossitis, peripheral edema, and diar-
rhea (Table 1). The limb edema might have been multifac-
torial and associated with local inflammation of the muscle;
hypoalbuminemia; and impaired renal function, including
proteinuria (/9). The urinary myoglobin was negative in
case-patient A, and urinary sediment staining for microspo-
ridia was either not performed or not documented in any
of the case-patients. Three case-patients had diarrhea, but
no microsporidia were observed in gut biopsy specimens
or in stained fecal samples (5,8). Although oropharyngeal
ulceration and mucositis in case-patients B and 3 might
have been caused by medication, it also might represent 4.
algerae infection (4,8).

The cardiac and central nervous system disorders may
be associated with the A. algerae infection, related to co-
morbidities or nonspecific features of severe illness. Case-
patient B had delirium and atrial fibrillation with increased
troponin I. Case-patient 2 had delirium, seizures, and an
increased troponin I, 1.32 pg/L (reference <0.01). Seizures
were associated with Trachipleistophora anthropophthera
dissemination to the brain (/6,/7). However, the signs of
cortical vasculitis and ischaemia on magnetic resonance
imaging of the brain in case-patient 2 may have been due to
angio-invasive fungal infection, considering the concurrent
Aspergillus lung abscess. Case-patient 1, who had type 2
diabetes mellitus, died of a cerebrovascular infarction (3).

Laboratory indicators of muscle damage and inflam-
mation included elevated CK, aspartate aminotransferase,
alanine aminotransferase, erythrocyte sedimentation rate,
and C-reactive protein and decreased serum albumin (20)
(Table 2). Peak CK levels were lower in the transplant pa-
tients. Lymphopenia and decreased immunoglobulin levels
might have been related to preadmission medications, in-
cluding corticosteroid therapy (27). Although the underly-
ing causes are yet to be determined, anemia and proteinuria
were common features. The resolution of the neuropathy
on nerve conduction studies in case-patient A might indi-
cate recovery from peripheral nerve infection.

After fixation in formalin and staining, biopsy speci-
mens can be examined under light microscopy (3,5). Mus-
cle biopsies show necrotic myocytes containing spores,
which stain poorly with hematoxylin and eosin (Figure 1,
panel A) (5). Silver stains, particularly the Warthin-Starry,
clearly demonstrate 3- to 4-um ovoid spores (Figure 1,
panel B) (5,22). In case-patient 1, muscle was immunofluo-
rescently stained by using antibodies to 4. algerae (3). The
differential diagnoses include the yeast forms of fungi and
leishmania amastigotes.

Transmission electron microscopy of biopsies can
confirm a diagnosis of microsporidial myositis and

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 20, No. 2, February 2014



A. algerae Microsporidial Myositis

A) (B,C) showing Anncaliia algerae. A) Early proliferative stage meronts with diplokaryotic nuclei (n) and vesiculotubular appendages
(arrows) attached to the plasmalemma. Scale bar indicates 1 ym. B) Degenerate crenated sporoblast (sb) and a mature spore with visible
coils of the polar tubule (arrows). Scale bar indicates 1 um. C) Mature spore with 9 polar tubule coils in a single row, pale endospore, and
a dense exospore. Scale bar indicates 500 nm.

differentiate Anncaliia spp. from Trachipleistophora homi-
nis (3,5,23). Although electron microscopy is highly spe-
cific for microsporidiosis, the number of organisms within
a biopsy specimen limits sensitivity. Features that define
Anncaliia spp. include binary fission; diplokaryotic nuclei;
lack of a parasitophorous vacuole, with the thickened plas-
malemma of meronts and sporonts in direct contact with
host cytoplasm; and vesiculotubular appendages project-
ing from the plasmalemma (Figure 2, panel A) (5,23). De-
generate sporoblasts and spores appear crenated (Figure 2,
panel B). Mature spores have a dense exospore coat, a pale
endospore, and single rows of 8—11 polar tubule coils (Fig-
ure 2, panels B, C). This number of polar tubule coils and
the absence of deep protoplasmic extensions are features
of A. algerae; however, species identification also relies
on nucleic acid sequence homology (35,23). DNA extracted
from clinical specimens can be amplified by PCR (3,9).
The primers target areas of the large and small subunit ri-
bosomal RNA genes and sequence analysis enables identi-
fication of the organism.

For case-patient A, who survived, a muscle biopsy was
performed as soon as it became evident that empiric cor-
ticosteroid and intravenous immunoglobulin therapy was
not effective. The corticosteroid dose was minimized; etan-
ercept, methotrexate, and leflunomide had been stopped;
and leflunomide was washed out with cholestyramine (24).
Measures were taken to avoid aspiration pneumonia. On
histopathology, microsporidiosis was considered, and a
regimen with albendazole was begun. For case-patients B
and 2, in whom microsporidiosis was diagnosed postmor-
tem, antifungal agents were used. In vitro studies indicated
that amphotericin B had no activity against the tested mi-
crosporidia (25).

Albendazole targets microtubules and prevents forma-
tion of intranuclear spindles in microsporidia (25). Micro-
sporidial myositis caused by species other than 4. algerae
has been responsive to albendazole alone or in combination

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 20, No. 2, February 2014

with other agents (9,/2,18). Although albendazole has not
been tested for activity against 4. algerae, the survival of
case-patient A suggests clinical effectiveness. Side effects
include headache, gastrointestinal upset, and elevated lev-
els of transaminases (25).

In case-patient A and a case-patient with Trachipleis-
tophora myositis, the combination of albendazole, sulfa-
diazine, and pyrimethamine was successful (/2). However,
the contribution of sulfadiazine and pyrimethamine to the
regimen is unclear because in vitro testing has indicated
these agents are ineffective against the microsporidian En-
cephalitozoon cuniculi (26). Metronidazole, itraconazole,
atovaquone, and clindamycin were among the medications
used for case-patient 1 (3). The activity of these agents
against microsporidia varies (25,27). Fumagillin and its
analogs have been used topically to treat corneal infections
and orally for gastrointestinal microsporidiosis (27), but
because of possible side effects, they have not been used to
treat microsporidial myositis (27).

Like other microsporidia, 4. algerae depends on host
cells to obtain metabolites (28). Genes that code for a di-
versity of kinases and transport proteins are regarded as
an adaptation to the broad range of insect hosts (7,28). A.
algerae was previously investigated as a biologic control
agent for mosquitoes because heavily infected larvae rarely
survive to adulthood (7). Other than in humans, no natu-
rally occurring infections have been identified in mammals.

Mosquitoes become infected during their aquatic im-
mature stages, either through exposure to spores in the
water or by feeding on dead insect hosts (7,29). Infection
occurs when the polar tubule is extruded from the spore
and sporoplasm is introduced into the host cell through
the tubule (7). In the initial proliferative phase, asexual re-
production occurs (7,29). Sporoloblasts then mature into
spores (7,29). Although spores survive outside the host,
they become nonviable when dried at room temperature for
5 days (30,317). Information is limited about the life cycle of
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A. algerae in Australia. Culex sitiens Wiedemann, an abun-
dant coastal mosquito that usually bites birds, is currently
the only documented insect host (7,32).

The exact mode of transmission of 4. algerae to hu-
mans is yet to be established. Contact with water that con-
tains spores generated in insect hosts is thought to be the
most likely mechanism (6,33). Mechanical inoculation of
spores by crushing a feeding mosquito into a bite wound
has also been proposed as means a transmission (3,7).
However, spores from mosquito tissue have substantially
lower germination rates in human plasma or serum than
those first exposed to water (34). Direct inoculation from
a mosquito bite also is considered less likely because the
saliva of laboratory-infected mosquitoes did not contain
A. algerae (30). The Australian case-patients lived on the
eastern seaboard, within 500 km of each other, in a warm
temperate environment. They were exposed to mosquito
habitat through proximity to bodies of water on golf cours-
es or coastal woodland.

All the 5 case-patients reviewed were taking immu-
nosuppressant therapy, and 2 had coexistent diabetes mel-
litus. Before infection, methotrexate, leflunomide, cortico-
steroids, and antitumor necrosis factor a therapy were used
as treatments in the case-patients with rheumatoid arthri-
tis. Epidemiologic studies have suggested that methotrex-
ate and leflunomide are not associated with a substantial
increase in serious infection, although this lack of asso-
ciation does not exclude a contribution with combination
immunosuppression (35-37). Antitumor necrosis factor a
therapy and corticosteroids are associated with increased
risk (35,38,39). The severity of rheumatoid arthritis is also
a risk factor for serious infection (35). However, before the
addition of corticosteroids 4 weeks before hospital admis-
sion, methotrexate was the only immunosuppressive agent
used by case-patient B, and he had no erosive or extraar-
ticular disease.

Case-patients 2 and 3 were solid-organ transplant re-
cipients (5). The immunosuppressive agents used in the
months preceding the development of 4. algerae myositis
were mycophenolate mofetil, tacrolimus, azathioprine, and
corticosteroids. Systemic infections caused by Encephali-
tozoon spp. in solid-organ transplants have been associated
with these therapies (40). Studies with E. cuniculi have in-
dicated the importance of cytotoxic CD8+ T-cell immunity
for protection against severe and persistent infection (/).

A. algerae myositis is uncommon infection and has
a high case-fatality rate. Whether it has emerged because
previous cases have gone unrecognized or because epi-
demiologic factors have changed is unclear. 4. algerae
transmission occurs possibly through contact with water
that contains spores amplified by insect hosts. The signs
and symptoms of A. algerae infection primarily indicate
myositis. Whether other organs and tissues may be infected
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has yet to be confirmed. In case-patient A, who survived,
microsporidiosis was diagnosed on biopsy, and clinical
management was based on the reduction of immunosup-
pression, measures to prevent complications, and a treat-
ment regimen based on albendazole. Genomic analysis for
drug targets and susceptibility testing of 4. algerae may
lead to increased therapeutic options. 4. algerae myositis
is an additional differential diagnosis to be considered in
immunocompromised persons.
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