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Sir,

Free-living amoebae of genera Acanthamoeba, 
Balamuthia and Naegleria are the most prevalent 
protozoa found in ecological environments and 
have been implicated in causing human infections. 
Acanthamoeba is implicated in causation of 
granulomatous amoebic encephalitis (GAE), a 
life-threatening disease primarily occurring in 
immunocompromised individuals, Acanthamoeba 
keratitis (AK), a painful sight-threatening infection of 
the cornea mainly in immunocompetent individuals 
and rarely cutaneous disease1. Acanthamoeba enters the 
central nervous system either by inhalation of airborne 
cysts or by haematogenous route through a skin lesion. 
GAE is usually associated with immunocompromised 
states, including human immunodeficiency virus and 
organ transplant2, but has also been reported from 
immunocompetent individuals3. There are around 500 
cases of GAE worldwide with <10 per cent survival 
rate. GAE begins as subclinical or non-specific entity, 
but unless diagnosed at an early stage, it usually 
culminates in the death of the patient4. The majority 
of GAE infections are diagnosed post-mortem. The 
ante-mortem diagnosis of GAE can be made initially 
by radiological examination including computed 
tomography (CT) and magnetic resonance imaging 
(MRI). Cerebrospinal fluid (CSF) and brain abscess 
may be examined for the presence of Acanthamoeba 
by microscopy, culture and molecular methods5. A 
number of genotypes (T1-T20) of Acanthamoeba 
have been identified, of which human infections are 
associated with a few only6. Thus, it is important to 
study the molecular epidemiology of Acanthamoeba 
infections in different geographical areas to know 
the prevalent genotypes. The most recently proposed 
method for molecular identification of Acanthamoeba 
is 18S rDNA gene sequence analysis7,8. Acanthamoeba 

genotypes are differentiated by five per cent or greater 
sequence dissimilarity between isolates7,9. Genotypes 
T3, T4, T5, T6, T11 and T15 are confirmed to be 
causative agents of AK whereas genotypes T1, T3, 
T4, T10 and T12 are implicated in GAE7,10,11. T4 is the 
most predominant genotype found in both clinical and 
environmental isolates12. 

To cut short the time and cost in sequencing the 
entire gene, Acanthamoeba can also be genotyped by 
targeting one of the highly variable region, designated 
diagnostic fragment 3 (DF3) and located within 
genus-specific 18S rDNA8,13. This segment includes 
portions of 18S rDNA conserving stem 29 and all of 
29-114. The present study was undertaken to genotype 
Acanthamoeba spp. isolated from patients diagnosed 
with GAE in a tertiary care hospital in north India. This 
retrospective study was conducted in the department 
of Medical Parasitology, Postgraduate Institute of 
Medical Education and Research, Chandigarh, India. 
Briefly, five isolates of Acanthamoeba obtained from 
patients with GAE collected over a period of the past 
10 years from July 2007 to July 2017 and maintained 
on Non-Nutrient agar (NNA) medium overlaid with 
Escherichia coli were used in the study. These were 
further axenized in the peptone yeast dextrose (PYD) 
medium for genetic characterization. DNA was 
extracted from axenically cultured Acanthamoeba 
isolates by phenol-chloroform-isoamyl alcohol 
method using UNSET lysis buffer15. Extracted 
DNA was subjected to PCR amplification of DF3 
of 18S rDNA using genus-specific primer JDP1 
(5’-GGCCCAGATCGTTTACCGTGAA-3’) and JDP2 
(5’-TCTCACAAGCTGCTAGGGAGTCA-3’)8. PCR 
cycles included initial denaturation at 95°C for seven 
min followed by 39 cycles of denaturation at 95°C for 
one min, annealing at 60°C for one min, extension at 
72°C for two min and final extension at 72°C for 10 min. 
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Table. Genotypic identification of Acanthamoeba spp. obtained from granulomatous amoebic encephalitis patients and their clinical 
characteristics
ID Source 

of origin
Genotype Underlying 

immune state
Age 

(yr/sex)
Time of 
diagnosis

Final outcome GenBank 
accession number

AC 8 CSF T4 Immunocompetent 19/female Post-mortem Died KX675338
AC 14 CSF T4 Acute on chronic 

malnutrition
3/male Ante-mortem Survived KX675339

AC 2 CSF T11 Immunocompetent 10/male Ante-mortem Survived but CT after 2 months still 
showed persistence of mass-like 
lesion. Final outcome not known

KX675340

AC 24 CSF T11 Immunocompetent 22/male Post-mortem Died KX675341
AC 27 Brain 

abscess
T10 Acute myeloid 

leukaemia on 
treatment

19/male Ante-mortem Died after 6 months KX675337

CT, computed tomography; CSF, cerebrospinal fluid

Fig. 1. Phylogenetic tree constructed with the neighbour-joining 
method using nucleotide sequences of diagnostic fragment 3 region 
of 18S rDNA gene of Acanthamoeba granulomatous amoebic 
encephalitis isolates. Isolates from this study are shown in bold face 
and triangle shape. AC, Acanthamoeba isolates.

Fig. 2. Acanthamoeba cysts in brain abscess stained with 
(A) calcofluor-white stain, and (B) haematoxylin and eosin stain 
visualized by microscopy (×1000).

A B

Amplified DNA products were separated by 1.5 per 
cent agarose gel electrophoresis stained with ethidium 
bromide and visualized under ultraviolet light using an 
image analyzer. Direct sequencing of the PCR product 
was done with an ABI 310 automated fluorescent 
sequencer (Applied Biosystems, USA) with the primer 
892C (5’-GTCAGAGGTGAAATTCTTGG-3’) to 
determine the DNA sequence of DF3 of 18S rDNA. The 
nucleotide similarity search was performed by BLAST 
search of sequenced amplicons in GenBank database 
(http//www.ncbi.nlm.nih.gov/blast). CLUSTAL X 
was used to determine multiple sequence alignments. 
Neighbour-joining distance trees were prepared 
using MEGA6 software (https://www.megasoftware.
net/). Bootstrap values were based on 1000 replicas. 
Sequences obtained from this study were submitted 
to GenBank with accession numbers (http//www.ncbi.
nlm.nih.gov/genbank) shown in Table.

All five isolates shared >96 per cent identity with 
Acanthamoeba spp. However, none of our isolates had 
100 per cent sequence identity to any of the available 
strains in GenBank, suggesting that polymorphism 
exists in these isolates (Table). Two of the five isolates 
from patients with GAE were determined to be T4 
genotype (A. castellanii), two were T11 genotype 
(A. hatchetti) and one was T10 genotype (A. culbertsoni). 
The phylogenetic tree reconstructed using neighbour-
joining method with the partial sequence of DF3 region 
of 18S rRNA gene is shown in Fig. 1.

All the patients were young adults or children with 
the age range of 3-22 yr. All except one were male. 
Three patients with GAE were immunocompetent 
while one had underlying acute myeloid leukaemia and 
one child had acute on chronic malnutrition. Diagnosis 

of GAE was made post-mortem in two patients while 
three patients were diagnosed ante-mortem of whom 
only one patient survived. The haematoxylin and eosin 
and calcofluor while stained slides of brain abscess 
of a patient with Acanthamoeba cysts are shown in 
Fig. 2. This patient was infected with T4 genotype and 



458  INDIAN J MED RES, OCTOBER 2018

had underlying acute on chronic malnutrition. Final 
outcome of one patient infected with T11 genotype 
could not be known, but CT scan done on this patient 
two months after improvement and discharge still 
showed a mass-like lesion. The only patient infected 
with T10 genotype died after six months (Table). 

Though 20 genotypes of Acanthamoeba have been 
identified, but only a few genotypes are associated 
with clinical disease. Moreover, clinical course and 
outcome of disease may be influenced by the infecting 
genotype16. In our study, genotypes T4 and T11 were 
present in two patients each while T10 was identified in 
one. A study on GAE patients from India reported only 
T4 genotype17. Studies from other parts of the world 
have also reported genotype T4 to be the predominant 
genotype while less frequent genotypes were T1, T2, 
T5, T10 and T1818-20. Genotype T11 reported in our 
study has not been previously reported from GAE 
patients though it has been isolated from keratitis 
patients21. We have previously reported T3 and T4 
genotypes from water sources22.

In this study, the number of isolates was too less 
to draw some definite conclusion about the association 
of disease outcome with specific genotype. However, 
the information generated on these five cases can 
add to the existing literature of disease association 
with genotypes. More isolates need to be studied for 
understanding the association of various genotypes 
with disease spectrum.

Financial support & sponsorship: Funding for this work 
was provided by Indian Council of Medical Research, New Delhi 
(vide No. 5/3/3/33/2013- ECD -I).

Conflicts of Interest: None.

Kirti Megha, Rakesh Sehgal & 
Sumeeta Khurana*

Department of Medical Parasitology, 
Post Graduate Institute of Medical Education & 

Research, Chandigarh 160 012, India
*For correspondence:

sumeetakhurana@hotmail.com
Received September 28, 2017

References
1. Marciano-Cabral F, Puffenbarger R, Cabral GA. The increasing 

importance of Acanthamoeba infections. J Eukaryot Microbiol 
2000; 47 : 29-36.

2. Martinez AJ. Acanthamoebiasis and immunosuppression. 
Case report. J Neuropathol Exp Neurol 1982; 41 : 548-57.

3. Khurana S, Mewara A, Verma S, Totadri SK. Central nervous 
system infection with Acanthamoeba in a malnourished child. 
BMJ Case Rep 2012; 2012. pii: bcr2012007449.

4. Visvesvara GS, Moura H, Schuster FL. Pathogenic and 
opportunistic free-living amoebae: Acanthamoeba spp. 
Balamuthia mandrillaris, Naegleria fowleri, and Sappinia 
diploidea. FEMS Immunol Med Microbiol 2007; 50 : 1-26.

5. Shirwadkar CG, Samant R, Sankhe M, Deshpande R, Yagi S, 
Schuster FL, et al. Acanthamoeba encephalitis in patient with 
systemic lupus, India. Emerg Infect Dis 2006; 12 : 984-6.

6. Fuerst PA, Booton GC, Crary M. Phylogenetic analysis 
and the evolution of the 18S rRNA gene typing system of 
Acanthamoeba. J Eukaryot Microbiol 2015; 62 : 69-84.

7. Stothard DR, Schroeder-Diedrich JM, Awwad MH, Gast RJ, 
Ledee DR, Rodriguez-Zaragoza S, et al. The evolutionary 
history of the genus Acanthamoeba and the identification 
of eight new 18S rRNA gene sequence types. J Eukaryot 
Microbiol 1998; 45 : 45-54.

8. Schroeder JM, Booton GC, Hay J, Niszl IA, Seal DV, 
Markus MB, et al. Use of subgenic 18S ribosomal DNA 
PCR and sequencing for genus and genotype identification of 
Acanthamoebae from humans with keratitis and from sewage 
sludge. J Clin Microbiol 2001; 39 : 1903-11.

9. Gast RJ, Ledee DR, Fuerst PA, Byers TJ. Subgenus systematics 
of Acanthamoeba: Four nuclear 18S rDNA sequence types. 
J Eukaryot Microbiol 1996; 43 : 498-504.

10. Walochnik J, Haller-Schober E, Kölli H, Picher O, Obwaller A, 
Aspöck H, et al. Discrimination between clinically relevant 
and nonrelevant Acanthamoeba strains isolated from contact 
lens- wearing keratitis patients in Austria. J Clin Microbiol 
2000; 38 : 3932-6.

11. Khan NA, Jarroll EL, Paget TA. Molecular and physiological 
differentiation between pathogenic and nonpathogenic 
Acanthamoeba. Curr Microbiol 2002; 45 : 197-202.

12. Booton GC, Rogerson A, Bonilla TD, Seal DV, Kelly DJ, 
Beattie TK, et al. Molecular and physiological evaluation of 
subtropical environmental isolates of Acanthamoeba spp., 
causal agent of Acanthamoeba keratitis. J Eukaryot Microbiol 
2004; 51 : 192-200.

13. Booton GC, Kelly DJ, Chu YW, Seal DV, Houang E, Lam DS, 
et al 18S ribosomal DNA typing and tracking of Acanthamoeba 
species isolates from corneal scrape specimens, contact lenses, 
lens cases, and home water supplies of Acanthamoeba keratitis 
patients in Hong Kong. J Clin Microbiol 2002; 40 : 1621-5.

14. Zhang Y, Sun X, Wang Z, Li R, Luo S, Jin X, et al. Identification 
of 18S ribosomal DNA genotype of Acanthamoeba from 
patients with keratitis in North China. Invest Ophthalmol Vis 
Sci 2004; 45 : 1904-7.

15. Hugo ER, Stewart VJ, Gast RJ, Byers TJ. Purification of 
amoeba mtDNA using the UNSET procedure. In: Soldo AT, 
Lee JJ, editors. Protocols in protozoology. Lawrence, Kans: 
Allen Press: 1992. p. D7.1-7.2.

16. Arnalich-Montiel F, Lumbreras-Fernández B, 
Martín-Navarro CM, Valladares B, Lopez-Velez R, 



 MEGHA et al: GENOTYPING OF ACANTHAMOEBA SPP. 459

Morcillo-Laiz R, et al. Influence of Acanthamoeba genotype on 
clinical course and outcomes for patients with Acanthamoeba 
keratitis in Spain. J Clin Microbiol 2014; 52 : 1213-6.

17. Behera HS, Satpathy G, Tripathi M. Isolation and genotyping 
of Acanthamoeba spp. from Acanthamoeba meningitis/
meningoencephalitis (AME) patients in India. Parasit Vectors 
2016; 9 : 442.

18. Booton GC, Visvesvara GS, Byers TJ, Kelly DJ, Fuerst PA. 
Identification and distribution of Acanthamoeba species 
genotypes associated with nonkeratitis infections. J Clin 
Microbiol 2005; 43 : 1689-93.

19. Walochnik J, Aichelburg A, Assadian O, Steuer A, 
Visvesvara G, Vetter N, et al. Granulomatous amoebic 
encephalitis caused by Acanthamoeba amoebae of genotype 

T2 in a human immunodeficiency virus-negative patient.  
J Clin Microbiol 2008; 46 : 338-40.

20. Qvarnstrom Y, Nerad TA, Visvesvara GS. Characterization 
of a new pathogenic Acanthamoeba species, A. byersi n. 
Sp. isolated from a human with fatal amoebic encephalitis. 
J Eukaryot Microbiol 2013; 60 : 626-33.

21. Hajialilo E, Behnia M, Tarighi F, Niyyati M, Rezaeian M. 
Isolation and genotyping of Acanthamoeba strains (T4, T9, 
and T11) from amoebic keratitis patients in Iran. Parasitol Res 
2016; 115 : 3147-51.

22. Khurana S, Biswal M, Kaur H, Malhotra P, Arora P, Megha K, 
et al. Free living amoebae in water sources of critical units in 
a tertiary care hospital in India. Indian J Med Microbiol 2015; 
33 : 343-8.


