
JOURNAL OF CLINICAL MICROBIOLOGY, Jan. 2008, p. 338–340 Vol. 46, No. 1
0095-1137/08/$08.00�0 doi:10.1128/JCM.01177-07
Copyright © 2008, American Society for Microbiology. All Rights Reserved.

Granulomatous Amoebic Encephalitis Caused by Acanthamoeba
Amoebae of Genotype T2 in a Human Immunodeficiency

Virus-Negative Patient�

Julia Walochnik,1* Alexander Aichelburg,2 Ojan Assadian,3 Andrea Steuer,2 Govinda Visvesvara,4
Norbert Vetter,2 and Horst Aspöck1
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Acanthamoeba amoebae of genotype T2 were identified as the causative agent of Acanthamoeba skin lesions
and granulomatous amoebic encephalitis (GAE) in a human immunodeficiency virus-negative patient with
underlying tuberculosis. To our knowledge this, is the first case of GAE involving genotype T2.

Acanthamoebae are the causative agents of Acanthamoeba
keratitis and granulomatous amebic encephalitis (GAE), a
condition that predominantly occurs in immunocompromised
individuals. In GAE the skin and the olfactory neuroepithe-
lium probably function as portals of entry, and occasionally,
inflammation can be observed at these primary foci. Descrip-
tions of approximately 150 cases of GAE caused by Acan-
thamoeba have been published worldwide, and less than 10 of
these patients have survived (9). Recently, the first case of
GAE in Austria was diagnosed (A. Aichelburg et al., submitted
for publication). The patient was a 25-year-old man from India
with respiratory and neurological symptoms and widespread
granulomatous dermal lesions. He had a CD4� count of 182
cells/�l but was negative for human immunodeficiency virus
(HIV). The final diagnosis included miliary tuberculosis, tu-
berculous meningitis, GAE, and Acanthamoeba skin lesions.
The patient did not improve after tuberculostatic treatment or
treatment with streptomycin, fluconazole, trimethoprim-sulfa-
methoxazole, amphotericin B, flucytosine, and sulfadiazine,
which are drugs that are potentially effective against Acanth-
amoeba. However, he was finally treated successfully with oral
and topical miltefosine and intrathecal and intravenous ami-
kacin.

Altogether six cerebrospinal fluid (CSF) samples, two der-
mal punch biopsy specimens, one bronchoalveolar lavage
(BAL) specimen, one lung tissue biopsy specimen, one liver
tissue biopsy specimen, and one biopsy specimen from the
main brain lesion were investigated for acanthamoebae by
lactophenol cotton blue (LPCB) staining (15), culture, and
PCR. For culture, specimens were inoculated onto the centers
of nonnutrient agar plates (1.5%) precoated with Escherichia
coli. The plates were sealed with Parafilm, incubated at 30°C

for 14 days, and examined every 48 h. For PCR, whole-cell
DNA was isolated as described previously (19) and a fragment
of the 18S rRNA gene was amplified with primers JDP1 and
JDP2 (8). Acanthamoeba sp. strain ATCC PRA-105, genotype
T4, was used as a positive control. The amplicons were se-
quenced with a 310 ABI Prism automated sequencer (Applied
Biosystems, Langen, Germany), and the sequences of both
strands were obtained. Multiple-sequence alignment was per-
formed with the Clustal X application (16) but with the primer
sites excluded from the analysis. Genotypes were assessed with
the model assumption of a �5% sequence dissimilarity within
one genotype (5). The lung, liver, and brain biopsy specimens
were also examined by immunofluorescence staining with poly-
clonal rabbit anti-Acanthamoeba castellanii serum at dilutions
of 1:50 and 1:100. Sequential patient serum samples at dilu-
tions ranging from 1:5 to 1:4,000 were tested for anti-Acan-
thamoeba immunoglobulin G (IgG) and IgM antibodies by
immunoblotting, as described previously (20), by using the
antigens of all three Acanthamoeba groups (for group I, strain
Am23; for group II, strain ATCC PRA-105; for group III,
strain ATCC 50704). Pooled serum from 10 healthy individuals
was used as a negative control. Drug susceptibility assays were
carried out at 30°C in microtiter plates with 105 trophozoites
(strain ATCC PRA-105) per well. Antimicrobials were used at
the following final concentrations (corresponding to the con-
centrations suggested for treatment): 250 mg/ml for amikacin,
5 mg/ml for amphotericin B, 7 mg/ml for caspofungin, 2 mg/ml
for fluconazole, 10 mg/ml for flucytosine, 60 mg/ml for ri-
fampin, 250 mg/ml for streptomycin, 100 mg/ml for sulfadia-
zine, and 10 mg/ml for voriconazole. The viability of the amoe-
bae, as determined by phase-contrast microscopy, was
recorded after 24 h; and 100% eradication was confirmed by
transferring the respective suspension to E. coli-coated plates
and recording the amoebal growth for 14 days. Assays were
performed in two independent experiments, each time in trip-
licate.

The LPCB staining, culture, and immunofluorescence re-
sults were consistently negative. However, the first four CSF
samples, dermal specimens, the BAL specimen, and the lung
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and brain tissue biopsy specimens were positive by the Acanth-
amoeba-specific PCR. Sequencing identified the causative
agent (“strain” BS04) as Acanthamoeba genotype T2. All se-
quences obtained were identical. In cluster analysis, BS04 clus-
ters with strain CCAP 1501/3c (GenBank accession no.
AF019051) (Fig. 1). The liver biopsy sample and the two final
CSF samples, obtained 5 and 9 months after admission to the
hospital, respectively (both after therapy), were negative. Se-
rological testing revealed a high IgG titer (1:2,000) and, in
particular, a high IgM titer (1:1,000) in a serum sample ob-
tained 3 days after admission to the hospital; the titers then
gradually declined in consecutive serum samples and became
comparable to those in the negative control sample (IgM titer,
1:125) after 1 year. Interestingly, the patient showed the high-
est immunoreactivity against Acanthamoeba morphological
group III (corresponding to genotype T2). Since the patient
did not show any improvement even after treatment with drugs
that had been shown to be useful in previously published cases
of successful treatment, miltefosine (18) and amikacin were
finally used to successfully treat our patient.

In the present case, three aspects are of particular interest: (i)
the coinfection with Mycobacterium tuberculosis, (ii) the fact that
acanthamoebae were detectable only by PCR while the culture
result remained negative, and (iii) the fact that the acanthamoe-
bae were genotype T2 and not genotype T4, the genotype com-
monly associated with disease.

Coinfection with M. tuberculosis not only is important as the
reason for the severe immunosuppression of our patient (thus
having contributed to the establishment of the Acanthamoeba
infection) but also is important because acanthamoebae can
act as hosts for mycobacteria, protecting them from antibiotics
and disinfectants and even increasing their virulence (1, 4, 7).
Other cases of Acanthamoeba-Mycobacterium coinfections
have been reported, but these affected AIDS patients (13).

The fact that the culture result was consistently negative is
not entirely unexpected, as acanthamoebae usually reside deep
in the tissue, mainly around blood vessels, and their isolation
from CSF is generally uncommon (2, 13). It is tempting to
speculate that this is particularly true for non-AIDS patients,
where amoebae cannot disseminate ad libitum. When the bi-
opsy sample was obtained from the present case, the CD4�

counts had already reached 421 cells/�l. As the location of the
lesion obviated a total excision, the site of active infection was
probably missed. This would also explain the negative immu-
nofluorescence test results and highlights the importance of
molecular methods in the diagnosis of Acanthamoeba infec-
tions. In a recent case of disseminated Acanthamoeba infection
in an HIV-negative patient, even detailed histological analysis
of multiple biopsy specimens and culture did not enable a
premortem diagnosis (14).

The Acanthamoeba strain recovered from the present case
was identified as genotype T2. It has been proposed that ge-
notype T2 be subdivided into a highly pathogenic cluster and a
weakly pathogenic cluster (6). The sequence of strain BS04
clusters with the weaker pathogenic subgroup, which might
also have contributed to the survival of our patient. It has been
shown that of the 15 Acanthamoeba genotypes, genotype T4 is
the predominant genotype in GAE (as well as in Acanth-
amoeba keratitis), followed by genotypes T1, T10, and T12 (3).
The last two genotypes also correspond to morphological
group III, as does genotype T2. A recent study revealed that
while in the United Kingdom genotype T4 is the most abun-
dant genotype, genotype T2 predominates in environmental
samples in Iran (6). Our patient, who originated from India,
might have acquired his infection outside Europe, and in this
respect it is interesting to note that several GAE cases in
HIV-negative patients have been reported from India, while in

FIG. 1. Maximum-likelihood cluster analysis of the sequence obtained and the sequences of various Acanthamoeba strains, with special
reference to genotype T2 and by the use of Acanthamoeba genotypes 7, 8, and 9 as outgroups. BS04 is the sequence from the case presented here.
Bootstrap values are based on 100 replicates and are given at the nodes (for maximum likelihood/neighbor joining/maximum parsimony). The
designations after the genotype or strain names are GenBank accession numbers. The asterisk indicates values below 50%.
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Europe and the United States GAE is mostly linked to AIDS
(10–12, 17).

Nucleotide sequence accession number. The sequence data
were deposited in the GenBank database and are available
under accession number EF428121.
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