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Background. Acanthamoeba is a free-living ameba that can cause severe disease affecting the central nervous system, skin,
sinuses, and other organs, particularly in immunocompromised individuals. These rare but severe infections are often fatal, yet
incompletely described.

Methods. Cases included were either reported to the Centers for Disease Control and Prevention (CDC) Free-Living Ameba
program or published in scientific literature. Characteristics of all patients in the United States with laboratory-confirmed non-
keratitis Acanthamoeba infections were described using descriptive statistics, and associations with survival were determined
using * and Fisher exact tests.

Results.  Of 173 patients identified, 71% were male and the median age was 44 years (range, 0-87 years). Of these, 26 (15%)
survived. Most patients (88%) had at least 1 immunocompromising condition, most commonly human immunodeficiency virus
(39%), cancer (28%), and solid organ or hematopoietic stem cell transplant (28%). Granulomatous amebic encephalitis (GAE)
was the most common disease presentation (71%). Skin (46%), sinuses (29%), lungs (13%), and bone (6%) were also involved.
Nearly half of patients (47%) had involvement of >1 organ system. Survival was less frequent among those with GAE (3%, P <
.001) compared with cutaneous disease, rhinosinusitis, or multiorgan disease not including GAE. Of 7 who received the

currently recommended treatment regimen, 5 (71%) survived.
Conclusions.

Non-keratitis Acanthamoeba infections occur primarily in immunocompromised individuals and are usually

fatal. Survival may be associated with disease presentation and treatment. Providers who care for at-risk patients should be
aware of the various disease manifestations to improve early recognition and treatment.
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Acanthamoeba, along with Naegleria fowleri and Balamuthia
mandrillaris, is a pathogenic free-living ameba (FLA) that
can cause life-threatening disease in humans. Although
Acanthamoeba is most known for causing isolated keratitis in
healthy persons, invasive disease involving the skin, sinuses, cen-
tral nervous system (CNS), or other organs can occur, especially
in immunocompromised hosts [1]. Acanthamoeba infections
have been described worldwide, and the organism is ubiquitous
in the environment. It has been isolated from soil and water, and
it was detected in 51% of United States (US) household tap water
and environmental samples in one study [1-3]. Although most
people are likely exposed to Acanthamoeba regularly, disease is
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rare in humans, with only a few reports of invasive disease
each year in the US.

The first definitive report of Acanthamoeba causing granulo-
matous amebic encephalitis (GAE), an infection of the CNS,
was described in 1972, though retrospective analysis determined
the first known case to have occurred in 1956 [2, 4-6]. Cases
were infrequently identified in subsequent years among immuno-
suppressed patients, but it was not until human immunodeficien-
cy virus (HIV) became prevalent in the 1980s that non-keratitis
Acanthamoeba disease was recognized as a primarily opportunis-
tic pathogen [7]. In contrast to other FLA, Acanthamoeba nearly
exclusively causes invasive disease in patients with impaired im-
mune systems [1, 8-11]. Patients with immunosuppression due
to uncontrolled HIV, malignancy, history of organ transplanta-
tion, diabetes mellitus, or immunosuppressive therapy are partic-
ularly susceptible as the ameba is unable to evade components of
the intact human immune system [7, 10, 12-16].

The most
Acanthamoeba infections is GAE, which typically presents
with insidious onset of encephalitis [1, 17]. Although GAE was
the earliest recognized manifestation of Acanthamoeba infection

common presentation of non-keratitis

and remains the most frequently described presentation, the
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ability to infect many other organ systems differentiates
Acanthamoeba from other FLA. While Naegleria fowleri exclu-
sively causes primary amebic meningoencephalitis and
Balamuthia mandrillaris causes GAE with occasional skin in-
volvement, Acanthamoeba can infect many different parts
of the body, either in concurrence with GAE or independently
[8, 9]. The most commonly described non-GAE presentations
include cutaneous disease and rhinosinusitis [1, 18-20]. Other
disease manifestations such as osteomyelitis, pneumonia, and
disseminated disease involving multiple organs have also been
reported [21-26]. Patient characteristics associated with disease
presentation or severity have not been fully described.
Non-keratitis Acanthamoeba infections are often fatal.
Because survival is uncommon, risk factors for mortality and
factors associated with survival have not yet been identified.
Currently, a multidrug regimen is recommended by the
Centers for Disease Control and Prevention (CDC) for treat-
ment of invasive Acanthamoeba infections; however, this rec-
ommendation is largely based on in vitro drug effectiveness
studies and survivor case reports. Providing evidence-based
treatment recommendations is challenging because few infec-
tions are diagnosed each year, many of which are diagnosed
during postmortem examinations. Understanding factors asso-
ciated with survival could help identify those at highest risk of

death and could ultimately determine interventions that could
improve outcomes.

METHODS

The CDC Free-Living Ameba database was used for this analysis.
Patients were either reported to CDC by clinicians or identified
through published case reports in scientific literature. All report-
ed US cases of non-keratitis Acanthamoeba infection with labora-
tory confirmation (ie, those that met the national case definition)
from the first identified case through December 2020 were in-
cluded [27]. Techniques for laboratory confirmation included mi-
croscopy, polymerase chain reaction (PCR), DNA sequencing,
and immunohistochemical staining. The disease presentations
for each case were determined to be “confirmed” or “suspected”
according to the case classification algorithm (Figure 1).

Case year was the calendar year during which symptoms be-
gan. Geographic distribution was defined as state of residence,
or if unavailable, state in which treatment was provided. A patient
was considered to have survived if they were known to have re-
covered from their illness and remained alive when the case
was reported, during follow-up, or at time of case publication.

Descriptive analyses were performed. Associations between
patient characteristics and survival were assessed using x> tests
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*As determined or suspected by healthcare provider. Abbreviations: CSF, cerebrospinal fluid; GAE, granulomatous amebic encephalitis.
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of proportion, Fisher exact tests, and logistic regression.
Associations between receiving a medication and survival
were assessed among those with antemortem diagnoses only.
Significance was defined as P value <.05. SAS version 9.4 soft-
ware was used for all analyses.

This activity was reviewed by CDC and was conducted con-
sistent with applicable federal law and CDC policy (see, eg, 45
Code of Federal Regulations [CFR] part 46, 21 CFR part 56; 42
US Code [USC] $§241(d); 5 USC §552a; 44 USC §3501 et seq).

RESULTS

In total, 173 patients were diagnosed with non-keratitis
Acanthamoeba infections between 1956 and 2020 in the US.
The median number of cases reported annually since 1970
was 3 per year (range, 0-12; Figure 2). Patient ages ranged
from 8 months to 87 years; 80% of patients with a known age
were between 25 and 69 years (Table 1, Figure 3). Eleven pa-
tients (7%) with a known age were <18 years of age. The major-
ity (71%) of patients were male. For the 79 patients with
reported race, 66% were White, 27% were Black, and 8%
were of another race. Of the 40 patients with reported ethnicity,
43% were Hispanic (Table 1). Acanthamoeba cases were report-
ed in 34 US states and districts (Figure 4). Of the 164 cases with
known state of residence or treatment, 41% occurred in 4 states:

California (20%), Texas (9%), New York (6%), or Georgia (6%).
Cases occurred in every month of the year with no seasonal
trend observed.

Nearly half of patients (47%) had confirmed or suspected in-
volvement of 2 or more organs or organ systems (Table 2). All
patients with multiorgan disease had CNS involvement, cuta-
neous involvement, or both. The most commonly infected or-
gan system was the CNS; 122 patients (71%) were confirmed or
suspected to have GAE. Among those, 55% presented with CNS
involvement only. Cutaneous disease was confirmed or suspect-
ed in 79 patients (46%). Of those, the majority (80%) had multi-
organ disease. Likewise, among patients with multiorgan disease,
78% had cutaneous disease. Rhinosinusitis was diagnosed in 51
(29%) patients, 23 patients (13%) had pulmonary involvement,
and osteomyelitis was reported in 10 (6%) patients. Most pa-
tients with rhinosinusitis, pulmonary disease, and osteomyelitis
had multiorgan disease (89%). Acanthamoeba was identified in
11 additional organs, most often during postmortem examina-
tion. Among 81 patients with multiorgan disease, the most com-
mon presentations were GAE with cutaneous disease (17
patients [21%]), and cutaneous disease with rhinosinusitis (17
patients [21%]).

The majority of patients (88%) had at least 1 immunocom-
promising condition (Table 2), commonly HIV (39%), cancer
(28%), and history of solid organ, bone marrow, or stem cell

Number of Non-Keratitis Acanthamoeba Cases by Year,
United States, 1956-2020

Number of Cases

Figure 2. Number of non-keratitis Acanthamoeba cases by year, United States, 1956—-2020.#Thick arrow denotes the year Acanthamoeba was first diagnosed in a human
(1972). Prior cases were diagnosed retrospectively. Thin arrow denotes establishment of the Centers for Disease Control and Prevention (CDC) free-living and intestinal
ameba laboratory (1978). Outlined arrow denotes establishment of CDC free-living ameba clinical consultation service (2010). Gray arrow denotes establishment of a national

case definition for Acanthamoeba disease (excluding keratitis) (2012).
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transplant (28%). Of patients with cancer, 39 (81%) had a he-
matologic malignancy. Kidneys were the most commonly
transplanted organs among solid organ transplant recipients
(55%). Availability of environmental exposure data was limited.
Among patients with described exposures, the most common
were water (10%), soil (11%), and nasal irrigation (5%). All pa-
tients reporting nasal irrigation had confirmed or suspected
rhinosinusitis (88%) and/or GAE (75%).

Table 1. Demographic Characteristics of Patients With Non-Keratitis
Acanthamoeba Disease, United States, 1956—2020

Demographic Characteristic No. (%) (N=173)

Age, y, median (range) (n=168) 44 (0-87)
Male sex (n=171) 121 (71)
Race
White 52 (30)
Black 21 (12)
Asian/Pacific Islander 2(1)
American Indian 1(1)
Other 3(2)
Unknown 94 (54)
Ethnicity
Hispanic 17 (10)
Non-Hispanic 23 (13)
Unknown 133 (77)

Data are presented as No. (%) unless otherwise indicated.

Cerebrospinal fluid (CSF) analysis was available for 60
patients with confirmed or suspected GAE (49%) (Table 3).
The median protein was 99 mg/dL, median glucose was
59 mg/dL, and median opening pressure was 200 mm
H,0O. The median white blood cell count was 29 cells/uL,
ranging from 0 to 2384 cells/uL. Among samples with pleocy-
tosis, some exhibited lymphocyte predominance, whereas
others exhibited neutrophil predominance. Acanthamoeba
was identified in the CSF by PCR in 8 patients, though the to-
tal number tested is unknown.

Genotype results were available for 36 cases. Genotypes T4
and T1 were most common (18 [50%] and 14 [39%], respective-
ly; Table 4). Among those with T4 genotype, 11 patients (61%)
had confirmed or suspected GAE, 12 (67%) had skin involve-
ment, and 6 (33%) had rhinosinusitis. All 14 patients with T1
genotype had confirmed GAE (100%), 2 (14%) had skin in-
volvement, and 2 (14%) had rhinosinusitis. More patients
with T1 genotype had single-organ disease (11 [79%]) com-
pared with T4 genotype (7 [39%]).

Of those with known outcomes, 26 patients (18%) survived
(Table 4). A higher proportion of female patients survived
compared with males (29% and 13%, respectively; P=.0167).
No significant association was found between survival and
age, race, or ethnicity. The 26 survivors were immunocompro-
mised; all 15 patients who did not have immunocompromising
conditions or had unknown immunostatus died. Among 8 sur-
vivors with cancer, 5 had chronic lymphocytic leukemia.

Non-Keratitis Acanthamoeba Cases by Age Group and Sex, United
States, 1956-2020
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Figure 3. Non-keratitis Acanthamoeba cases by age group and sex, United States, 1956-2020.#Age and sex information was available for 168 patients.
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Figure 4. Geographic distribution of non-keratitis Acanthamoeba cases, United States, 1956—2020. State of residence was used for geographic classification; state of
treatment was used for cases where state of residence was unavailable. State for 9 cases remains unknown.

Patients with GAE, either isolated or with multiorgan disease,
had higher mortality compared with patients without GAE
(P<.0001). The odds of survival were 17.8 times higher among
patients without GAE compared to those with GAE (95% con-
fidence interval, 6.5-49.1). Survival has increased over time.
More patients diagnosed in the most recent decade (2010-
2020) survived than patients in previous decades (29% vs
0%-18%, respectively; P=.0503). Among the 16 cases with
T4 genotype for which patient outcome was known, 50% sur-
vived, compared with 14% among those with the T1 genotype.

Among 72 patients with antemortem Acanthamoeba diag-
noses, there was a significant association between survival
and receiving the currently recommended treatment regimen.
Five of 7 patients who received pentamidine, fluconazole, flucy-
tosine, miltefosine, and sulfadiazine survived (P=.0372;
Table 4). Most patients (61%) received at least 1 triazole (flu-
conazole, itraconazole, or voriconazole), which was also associ-
ated with survival (P=.0263).

DISCUSSION

This comprehensive case series of non-keratitis Acanthamoeba
infections in the US reinforces that Acanthamoeba infections
are rare, can involve multiple organ systems, and are often fatal.
While Acanthamoeba is typically thought to cause keratitis,
GAE, or cutaneous disease, this report highlights the impor-
tance of recognizing other possible manifestations of
Acanthamoeba infections as well, including rhinosinusitis, pul-
monary disease, osteomyelitis, and multiorgan disease. While
survival is infrequent, the prognosis is better for patients with-
out CNS involvement.

Prior to this report, Acanthamoeba infections in the litera-
ture have often been categorized as GAE, cutaneous, rhinosinu-
sitis, and disseminated. The data presented here suggest that
these categories may not be capturing the variety of ways
Acanthamoeba can spread throughout the body. Among the
173 patients identified in this study, nearly half had involve-
ment of >1 organ system, and there were 33 different combina-
tions of organ systems involved. This number of disease
presentations underscores that disseminated disease can look
very different among different patients.

Despite this variability, the majority of patients had CNS in-
volvement. Among cases that did not involve the CNS, nearly
all involved either the skin or the sinuses. This supports the the-
ory that infection is acquired through direct inoculation (eg,
skin and sinus disease) or through hematogenous spread, in
cases of CNS and multiorgan disease [28]. Although CNS dis-
ease was the most common presentation, skin was the most fre-
quent organ affected in patients with multiorgan disease.
Clinicians should be aware that Acanthamoeba can present
with involvement beyond the CNS and skin.

This case series underscores the frequent mortality associat-
ed with non-keratitis Acanthamoeba infections and identifies
characteristics that may be associated with survival. The char-
acteristic most often associated with survival was absence of
CNS disease. In fact, the odds of survival were nearly 18 times
higher in patients without GAE compared to those with GAE.
This finding emphasizes the importance of identifying, diag-
nosing, and treating Acanthamoeba cutaneous disease and rhi-
nosinusitis as early in the disease course as possible so that
dissemination to the CNS can be avoided. It also highlights
the importance of considering the diagnosis of GAE in a patient
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Table 2. Clinical Characteristics of Patients With Non-Keratitis
Acanthamoeba Infections, United States, 1956-2020

Total, No.
Characteristic (%)
Organ system involvement®
GAE 122 (71) 17 (10)
Cutaneous 79 (46) 8 (b)
Rhinosinusitis 51 (29) 21(12)
Pulmonary 23 (13) 6 (3)
Osteomyelitis® 10 (6) 2(1)
Non-keratitis eye disease® 5(3) 3(2)
Liver 4(2) 2(1)
Adrenals 3(2) 0
Kidney 3(2) 1(1)
Lymph nodes 2 (1) 0
Breast 1(1) 0
Heart 1(1) 0
Spleen 1(1) 0
Testicle 1(1) 0
Thyroid 1(1) 0
Urethra 1(1) 0
Total No. of organs infected,
confirmed or suspected
1 92 (563)
2 51 (29)
3 18 (10)
4 6 (3)
5 4(2)
8 2(1)
Disease presentation
CNS involvement
GAE only 67 (39)
GAE and cutaneous 17 (10)
disease
GAE and rhinosinusitis 7 (4)
Other GAE disseminated 31(18)
No CNS involvement
Cutaneous disease only 16 (9)
Rhinosinusitis only 7 (4)
Pulmonary only 1(1)
Osteomyelitis only 1(1)
Cutaneous disease and 17 (10)
rhinosinusitis
Other disseminated (does 9 (5)
not include GAE)
Outcome
Survived 26 (15)
Died 122 (71)
Unknown 25 (14)
Immunocompromising
condition
HIV infection 67 (39)
Cancer 48 (28)
Hematologic malignancy® 39 (23)
Solid organ transplant 31 (18)
HSCT® 18 (10)
Diabetes mellitus 17 (10)
Autoimmune disease 14 (8)
Illicit drug use 11 (6)

Table 2. Continued

Total, No. Confirmed, Suspected.

Characteristic (%) No. (%) No. (%)

Alcoholism 9 (5)

Malnourished 2(1)

Otherimmunocompromising 5(3)

condition’

None/unknown 21(12)
Exposures

Soil exposure? 19 (11)

Water exposure” 18 (10)

Nasal irrigation 8 (b)

Occupational exposure' 4 (2)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: CNS, central nervous system; GAE, granulomatous amebic encephalitis;
HIV, human immunodeficiency virus; HSCT, hematopoietic stem cell transplant.

#Percentages may add up to >100%, as patients could be included in >1 category.

®Many cases of rhinosinusitis described bony erosion into the hard palate on imaging; those
cases are not included in the osteomyelitis category.

°Eye disease includes 3 cases of endophthalmitis, 1 case of granulomatous uveitis, and 1
case of iritis.

9Patients with a hematologic malignancy were included in “Cancer” category as well; types
of hematologic malignancy included chronic lymphocytic leukemia (13), non-Hodgkin
lymphoma (8), acute myeloid leukemia (7), acute lymphocytic leukemia (5), chronic
myeloid leukemia (2), Hodgkin lymphoma (2), T-cell prolymphocytic leukemia (1),
unspecified lymphoma (1), and unspecified hematologic malignancy (1). One patient had
2 hematologic malignancies.

®Includes bone marrow transplant and stem cell transplant.

fincludes  pregnancy, asplenia, primary immunodeficiency, and posttransplant
lymphoproliferative disease.

9Soil exposures included gardening (14), farming (4), and other (6), including yard work,
mulch exposure, and outdoor recreation. Some patients reported multiple exposures.
"Water exposures included lakes (4), oceans (2), well water (2), swimming pools (6), water
park (1), and other (8), including creeks, home medical machines, home fish tanks, and
sewage exposure. Some patients reported multiple exposures. This category does not
include patients who reported nasal irrigation.

'Occupational exposures included architect, landscaper, gardener, and working with
animals.

Table 3. Cerebrospinal Fluid Findings Among Patients With
Acanthamoeba Granulomatous Amebic Encephalitis, United States,
1956-2020

No. of Patients With
GAE With Available

CSF Finding Data (n=60) Median (IQR)  Range
WBC count, cells/uL 59 29 (2-150) 0-2384
Neutrophils, % 34 28 (8-73) 0-88
Monocytes, % 34 12 (4-26) 0-90
Lymphocytes, % 39 43 (7-80) 0-98
RBC count, cells/uL 51 5 (0-66) 0-8450
Protein, mg/dL 54 99 (59-176) 11-901
Glucose, mg/dL 54 59 (45-88)  11-150
Opening pressure, mm H,0 14 200 (90-250) 18-550

Of those with confirmed or suspected GAE (n=122), 60 (49%) had known CSF results.

Abbreviations: CSF, cerebrospinal fluid; GAE, granulomatous amebic encephalitis; IQR,
interquartile range; RBC, red blood cell; WBC, white blood cell.
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Table 4. Association Between Demographic and Clinical Characteristics and Survival of Patients With Non-Keratitis Acanthamoeba Infections, United

States, 1956-2020

Total (n=148)* Survived (n=26 [18%]) Died (n=122 [82%])
Characteristic No. (Column %) No. (Row %) No. (Row %) x> P Value
Age, y .4785°
0-30 27 (18) 2(7) 25 (93)
31-50 59 (40) 12 (20) 47 (80)
51-64 40 (27) 8(20) 32 (80)
>65 21 (14) 4(19) 17 (81)
Sex .0167
Male 103 (70) 13 (13) 90 (87)
Female 45 (30) 13 (29) 32 (71)
Race .2786°
White 45 (30) 10 (22) 35 (78)
Black 19 (13) 4(21) 15 (79)
Other 6 (4) 2 (33) 4(67)
Unknown 78 (53) 10 (13) 68 (87)
Ethnicity .1500°
Hispanic 16 (11) 3(19) 13 (81)
Non-Hispanic 22 (15) 7 (32) 15 (68)
Unknown 110 (74) 16 (15) 94 (85)
Total No. of organ systems infected, confirmed or suspected .3472
1 75 (51) 11 (15) 64 (85)
>2 73 (49) 15 (21) 58 (79)
Disease presentation (n=147)° <.0001°
CNS involvement
GAE only 59 (40) 2(3) 57 (97)
GAE and cutaneous disease 15 (10) 2(13) 13 (87)
GAE and rhinosinusitis 7 (5) 1(14) 6 (86)
Other GAE disseminated 31(21) 2 (6) 29 (94)
No CNS involvement
Cutaneous disease only 12 (8) 6 (50) 6 (50)
Rhinosinusitis only 3(2) 3 (100) 0 (0)
Cutaneous disease and rhinosinusitis 11(7) 3(27) 8(73)
Other disseminated (does not include GAE) 9 (6) 7 (78) 2(22)
Immunocompromising condition
Cancer 39 (26) 8(21) 31 (79) .5733
No 109 (74) 18 (17) 91 (83)
Solid organ transplant 29 (20) 9 (31) 20 (69) .0336
No 119 (80) 17 (14) 102 (86)
Stem cell transplant 16 (11) 3(19) 13 (81) i
No 132 (89) 23 (17) 109 (83)
HIV infection 58 (39) 8 (14) 50 (86) .3327
No 90 (61) 18 (20) 72 (80)
Autoimmune disease 12 (8) 3(25) 9 (75) 4427°
No 136 (92) 23(17) 113 (83)
Diabetes mellitus 15 (10) 5 (33) 10 (67) .0905
No 133 (90) 21 (16) 112 (84)
None/unknown 15 (10) 0 (0) 15 (100) .0593
Immunocompromised 133 (90) 26 (20) 107 (80)
Year .0503°
1956-1979 11(7) 1(9) 10 (91)
1980-1989 11(7) 0(0) 11 (100)
1990-1999 43 (29) 4(9) 39 (91)
2000-2009 28 (19) 5(18) 23 (82)
2010-2020 55 (37) 16 (29) 39 (71)
Genotype® .1608
T1 14 (10) 2(14) 12 (86)
T4 16 (11) 8 (50) 8 (50)
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Table 4. Continued

Total (n=148)* Survived (n=26 [18%]) Died (n=122 [82%])

Characteristic No. (Column %) No. (Row %) No. (Row %) ¥ PValue
5 1(1) 0(0) 1(100)
T17 1(1) 0(0) 1(100)
T18 2(1) 0 (0) 2 (100)

Treatments (n=72)°
Miltefosine 21 (29 10 (48) 11 (52) .0989
No/unknown 51 (71 14 (27) 37 (73)
Pentamidine 28 (39 12 (43) 16 (567) 1715
No/unknown 44 (61 12 (27) 32 (73)
Sulfadiazine 20 (28 8 (40) 12 (60) .4568
No/unknown 52 (72) 16 (31) 36 (69)
Flucytosine 25 (35 14 (56) 11 (44) .0029
No/unknown 47 (65 10 (21) 37 (79)
Fluconazole 27 (38 9 (33) 18 (67) 1
No/unknown 45 (63 15 (33) 30 (67)

Currently recommended regimen’ 7 5(71) 2 (29) .0372°
No/unknown 65 (90) 19 (29) 46 (71)
Any triazole (fluconazole, itraconazole, or voriconazole) 44 (61) 19 (44) 25 (57) .0263
No/unknown 28 (39) 5(18) 23 (82)

Bold indicates statistical significance.

Abbreviations: CNS, central nervous system; GAE, granulomatous amebic encephalitis; HIV, human immunodeficiency virus.

#Excluded 25 patients with unknown survival outcome.

PFisher exact test used instead of y? when >25% of cells had values <5.

°n=147 (1 additional patient excluded with isolated pulmonary disease in setting of lung transplantation).

9n =34 patients with known genotype.

°n =72 patients with antemortem diagnosis.

fRecommended regimen: miltefosine + pentamidine + sulfadiazine + flucytosine + fluconazole.

presenting with unexplained encephalitis, especially if
immunocompromised.

While patients with encephalitis often undergo CSF exami-
nation, CSF findings for Acanthamoeba are not particularly
helpful in the diagnosis. Many patients with GAE had increased
CSF protein level and pleocytosis, though not all. Several pa-
tients with confirmed GAE in this case series had normal
CSF profiles, underscoring the importance of tissue biopsy if
clinical suspicion for Acanthamoeba is high.

In the 1980s and 1990s, most invasive Acanthamoeba infec-
tions were diagnosed in people living with HIV (PLWH)
[12, 13, 25, 29-34]. However, fewer PLWH have been diag-
nosed with Acanthamoeba in recent years, likely due to devel-
opments in HIV treatments and improved immune status. All
PLWH included in this analysis over the past 10 years have had
CD4 counts <100 cells/uL, suggesting that PLWH with ade-
quately controlled HIV are at lower risk. In the past 2 decades,
most cases of Acanthamoeba have occurred among people with
cancer or who have undergone solid organ or hematopoietic
stem cell transplant, likely due to the profound level of immu-
nosuppression induced by chemotherapy and other medica-
tions [14, 35-37]. There is an unexplained predominance of
cases among people with hematologic malignancies, especially
leukemia, which may be due to unique immunological deficits
among these patients, either because of their primary disease or

medications used for treatment. Interestingly, all patients who
either had no immunocompromising condition or whose im-
mune status was unknown died. Although the implications
of this finding are unclear, it is possibly due to missing infor-
mation. Many of these cases occurred in the 1970s and 1980s,
when surveillance data were often incomplete. While it is
possible that these cases occurred in healthy individuals, it
is more likely that their full medical histories were not report-
ed. It is also possible that the diagnosis was delayed due to lat-
er presentation to medical care or lower level of clinical
suspicion compared to those with immunocompromising
conditions.

The geographic and seasonal distribution of invasive
Acanthamoeba infections indicate that these infections occur
year-round throughout the US. This differs from N fowleri,
which typically infects humans during warm months and in
states with warmer climates through nasal exposure to water
[9, 38]. Although the source of exposure is often unknown
for Acanthamoeba cases, these amebae have been isolated
from water sources in homes as well as air conditioning units
and ventilation ducts [1]. In this case series, we identified 8 pa-
tients who reported nasal rinsing. Using unsterile water for na-
sal rinsing increases the risk of many infections, including
Acanthamoeba and other FLA [39, 40]. Patients who perform
nasal rinsing, especially if immunocompromised, should be
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counseled about how to minimize their risk of infection by us-
ing sterile water for both rinsing and cleaning equipment [41].

This analysis suggests that males are more likely to be diag-
nosed with non-keratitis Acanthamoeba infections and also
have a lower rate of survival compared with females.
Infections with other FLA are also more common among
males, and it has been suggested that increased risk behaviors
such as participating in water activities or occupational soil ex-
posure may be contributing factors [8, 9, 42]. These exposures
are less likely to be contributing to Acanthamoeba infections,
given that these environmental risk factors are not as prevalent
among cases. Other reasons for this discrepancy could be relat-
ed to differences in predisposing medical conditions. For exam-
ple, in 2018, 81% of new HIV diagnoses in the US occurred in
men [43]. Similarly, the incidence of cancer is higher in men,
including hematologic malignancies like leukemia [44].
Among those with recorded race, 27% were Black, which is
higher than the expected race distribution according to US cen-
sus data. This is possibly due to racial disparities, as some med-
ical conditions are more prevalent among Black patients
including HIV, cancer, diabetes, end-stage renal disease, and
other conditions that that constitute a risk for Acanthamoeba
infection [44, 45]. In this analysis, most patients (77%) did
not have a recorded ethnicity. However, among those with
known ethnicity, Hispanic people represented a large propor-
tion (43%).
Balamuthia mandrillaris infections [8]. It is unclear whether

Similar findings have been reported for

this finding is an artifact of missing data using an unrepresen-
tative sample, or whether there may truly be an association be-
tween ethnicity and prevalence of Acanthamoeba infections.

Acanthamoeba is currently classified into 23 known geno-
type groups by molecular sequencing (T1-T23), but not all
have been associated with human disease [46-48]. Genotype
T4 has been most frequently identified in human infections
and is thought to be the most prevalent in the environment, of-
ten causing cases of Acanthamoeba keratitis and GAE [15, 46,
47, 49, 50]. While genotype T1 has been identified in human
non-keratitis Acanthamoeba infections previously, it does not
have the same environmental ubiquity as genotype T4 [46].
In addition to disease severity, genotype may also be associated
with the organ system(s) involved. In this analysis, all patients
known to have T1 genotype had confirmed GAE; however, cu-
taneous disease and rhinosinusitis were more common among
those known to have T1 genotype. As such, more cases involv-
ing T4 genotype survived. Although the sample size for the ge-
notype analysis was small, it is possible that this trend may be
indicative of differences in virulence or pathogenicity among
different genotypes of Acanthamoeba.

Both case counts and patient survival have increased over
time, likely due to improved surveillance, provider awareness,
CDC’s
Free-Living and Intestinal Ameba Laboratory was established

diagnostic  abilities, and treatment options.

in the early 1970s, shortly after the discovery of FLA as patho-
gens. As awareness of FLA increased and more diagnostic tech-
niques became available, more cases were identified. CDC
developed a clinical consultation service in 2010 to assist clini-
cians with diagnosis and treatment of FLA. These efforts may
have also increased the number of cases diagnosed and report-
ed to CDC. Over time, more was learned about treatment op-
tions for Acanthamoeba infections, which may have
contributed to improved patient outcomes. In this analysis,
the most commonly prescribed medications among patients
with antemortem Acanthamoeba diagnoses included those cur-
rently recommended for treatment—miltefosine, flucytosine,
fluconazole, pentamidine, and sulfadiazine—as well as several
other antimicrobial medications. The recommended regimen
was associated with survival in a bivariate analysis, though sam-
ple size was small. Triazole use was also independently found to
be associated with survival. This finding supports prioritizing a
triazole in the regimen when possible.

The major limitation of this study is missing and incomplete
data. Also, some cases might not have been reported to CDC or
to state health departments since Acanthamoeba infection is
not a nationally notifiable condition nor reportable in most
states. It is also likely that many Acanthamoeba infections
remain undiagnosed due to limited awareness and access to di-
agnostic capabilities. Acanthamoeba should be considered
for any nonhealing skin lesion, persistent rhinosinusitis, or
unexplained CNS symptoms in an immunocompromised
individual. Early recognition and diagnosis could improve pa-
tient outcomes, as treatment has been associated with survival
in patients with non-keratitis Acanthamoeba infections. CDC’s
FLA consultation service is available 24/7 to provide diagnostic
and clinical assistance to clinicians caring for patients with
confirmed or suspected Acanthamoeba infections. Clinicians
should call the CDC Emergency Operations Center at (770)
488-7100 if a consultation is desired and should notify either
their local or state health department or CDC of laboratory-
confirmed cases.
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