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Abstract

Background: Acanthamoeba spp. are free living ubiquitous protozoa capable of causing Acanthamoeba keratitis (AK) of eyes and 
Acanthamoeba meningitis/ meningoencephalitis (AME) of central nervous system and fatal Granulomatous amoebic encephalitis 
(GAE) of brain in human. These must be diagnosed at an early stage to avoid any complications associated with the disease like 
blindness of eye and death due to GAE/ AME. This study aimed to focus on application of different diagnosis procedures like culture, 
staining and PCR assay for early diagnosis of the Acanthamoeba spp. in patient samples. 

Methods: One corneal scraping and 1 CSF sample were collected by the Ophthalmologist and Neurologist from patients of culture 
positive Acanthamoeba Keratitis (AK) and Acanthamoeba meningitis/ meningoencephalitis (AME) using standard procedures. Sam-
ples were stained with Giemsa, PAS and Calcofluor white stain for direct examination. Simultaneously samples were cultured on 2% 
non-nutrient agar plates overlaid with E. coli. for culture isolation. Samples were further confirmed by molecular diagnosis with PCR 
assay using Acanthamoeba specific primers.

Results: Acanthamoeba spp. were visible under light microscope after direct staining such as Giemsa, PAS and Calcofluor white stain. 
In culture, Acanthamoeba spp.were visible on non-nutrient agar plate after 4 days and covered the entire agar surface after 7 days of 
incubation. In PCR assay clear band of ~ 461bp length (ASA.S1 region) was visualised in agarose gel.

Conclusions: It was concluded from the above study that, for early diagnosis of Acanthamoeba spp. in clinical specimens, staining 
and PCR assay could be used as compared to culture. Culture isolation takes about a week where as PCR asay takes nearly one or two 
days for identification of Acanthamoeba spp in a clinical setting. Staining takes only few minutes for repoting the Acanthamoeba spp. 
in clinical samples such as corneal scrapings and CSF.
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Introduction

Acanthamoeba spp. are free living ubiquitous protozoa capable of causing Acanthamoeba keratitis (AK) of eyes and Acanthamoeba 
meningitis/ meningoencephalitis (AME) of central nervous system and fatal Granulomatous amoebic encephalitis (GAE) of brain in hu-
man. AK is an acute, sight threatening infection of cornea that can cause corneal ulcers or even permanent blindness if not diagnosed and 
treated at an early stage [1]. This condition occurs most often among contact lens wearers who do not properly disinfect their lenses, 
exacerbated by a failure to wash hands prior to handling the lenses. Multipurpose contact lens solutions are largely ineffective against 
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Acanthamoeba, whereas hydrogen peroxide based solution have good disinfection characteristics. Similarly, AME is a slowly progres-
sive infection of the central nervous system which occurs mostly in immunocompromised individuals with HIV/AIDS, tuberculosis or 
undergoing cancer chemotherapy treatment and if not diagnosed and treated at an early stage becomes fatal [2-5].

For laboratory diagnosis of Acanthamoeba spp. from clinical specimens such as corneal scrapings or CSF, culture, staining, and PCR 
assay are commonly used. There are several staining procedures available for direct detection of parasite from clinical specimens such 
as calcofluor white, PAS and Giemsa staining etc. Although these tools are less time consuming but are not considered to be 100% sensi-
tive for efficient laboratory diagnosis [6]. Light microscopic examination of the culture plate (2% non-nutrient agar) containing infected 
sample (corneal scrapings or CSF) spreaded over the Escherichia coli overlay is considered as the gold standard for effective laboratory 
diagnosis of the diseases [7]. With the advancement of research, several investigators across the world had demonstrated that, molecular 
diagnosis by PCR assay is more reliable, specific and sensitive than culture for effective laboratory diagnosis of Acanthamoeba spp. [6,8]. 
After the discovery of complete nucleotide sequence of the 18S ribosomal RNA gene (18S rRNA) “Acanthamoeba specific amplimer (ASA.
S1)” a small region within it (~ 464 bp length) is widely used for molecular detection of Acanthamoeba spp. in all types of patient samples 
[9,10].

This study aimed to focus on application of different diagnosis methods like culture, staining and PCR assay for early diagnosis of the 
Acanthamoeba spp. in patients with AK and AME. 

Materials and Methods
Isolation of Acanthamoeba spp. from the clinical specimens in culture

One corneal scraping and 1 CSF samples were collected by the Ophthalmologist and Neurologist from patients of culture positive 
Acanthamoeba Keratitis (AK) and Acanthamoeba meningitis/ meningoencephalitis patients using the standard procedures. All the clinical 
specimens were spreaded on 2% non-nutrient agar plates seeded with live E. coli, sealed and incubated at 30˚C and observed daily under 
a light microscope (Nikon, Japan) till the growth of amoebas were seen on the agar surface. 

Observation of Acanthamoeba trophozoites and cysts using different staining procedures Giemsa staining

Both corneal scraping and CSF samples collected from patients were placed over a clean slide; smear was prepared, air dried and 
fixed in methanol for 2 mins. Giemsa staining was performed following the protocol as described in Garcia., et al. 2001 [11]. Slides were 
flooded with diluted Giemsa stain (in buffered water, pH 7.2) and left for 30 minutes on a flat surface. After incubation, stain was removed 
and washed with the buffered distilled water till the extra stain wash away from the slide. Slides were air dried, visualized under a light 
microscope (Nikon, Japan) and photomicrographs were taken.

PAS staining

Both corneal scraping and CSF samples were placed over a clean slide; smear was prepared, air dried and fixed in methanol for 2 
mins. 0.5% Periodic acid was added to the smear and incubated for 10 mins. Slides were washed with distilled water to remove the stain. 
Schiff reagent was added to the smear, incubated for 5mins followed by washing with distilled water. Smear was dehydrated in ascending 
alcohol concentrations (50%, 70%, 80% and 100%) [12]. Cover slip was mounted over the specimen, visualized under a light microscope 
(Nikon, Japan) and photomicrographs were taken.

Calcofluor white staining

Both corneal scrapings and CSF samples were placed on a clean glass slide. A drop of 0.1% calcofluor white fluorescent dye (Sigma, 
Germany) was added over the sample followed by addition of a drop of 10% KOH [13]. A cover slip was placed over the specimen and al-
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lowed to stand for 2 mins at room temperature. Slides were examined under UV light (395 - 415 nm) in a Nikon eclipse 90i fluorescence 
microscope (Nikon, Japan) with 100X objective lens and photomicrographs were taken.

Detection of Acanthamoeba spp. by molecular method

Extraction of DNA from clinical specimens

DNA was extracted from the collected corneal scraping in PBS buffer (pH 7.4) and CSF specimen using QIAmp DNA Mini Kit (QIAgen, 
USA) following the manufacturer’s instructions. Pelleted DNA was dissolved with 50 µl of double distilled water and used for PCR assay. 

PCR assay for amplification of ASA.S1 region of 18S rRNA gene 

PCR amplification of genus specific region “Acanthamoeba specific amplimer” (ASA.S1 of 464 bp length) of 18S rRNA gene of Acan-
thamoeba spp. was performed from the isolated DNA using the primers JDP1 (5’GGCCCAGATCGTTTACCGTGAA3’) and JDP2 (5’TCTCA-
CAAGCTGCTAGGGGAGTCA3’) [9]. The temperature profile of the PCR assay was as follows, i.e. initial denaturation for 10 mins at 94˚C, 
followed by 35 cycles of denaturation at 94˚C for 1min, primer annealing at 61˚C for 1min, strand elongation at 72˚C for 1 min, with the 
final elongation at 72˚C for 10mins. DNA isolated from known isolates of Acanthamoeba spp. was used as a positive control and reaction 
mixture with 5 µl of distilled water was used as a negative control in PCR reaction. Amplified PCR products were electrophoresed on 1.5% 
agarose gel, which was visualised under a Gel documentation system (Syngene, USA). 

Results
Isolation of Acanthamoeba spp. from clinical specimens in culture

Acanthamoeba spp.were visiblein the culture plate under light microscope(Nikon, Japan) after 4 days and covered the entire agar 
surface after 7 days of incubation. Figure 1 shows the image captured after 7 days of incubation of the plate with 10X objective of a light 
inverted microscope (Nikon, Japan). 

Figure 1: Representative photograph showing the images of Acanthamoeba spp. 
isolates after staining with Giemsa stain.
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Giemsa staining

After Giemsa staining Acanthamoeba spp. (trophozoites) appeared blue in color. The organisms were clearly visible with inner nucleus 
with 40X objective lens of a light microscope (Nikon, Japan) (Figure 2). Giemsa staining stains the nucleus and cytoplasm of cell, but can-
not stain the outer cell wall of cysts.

Figure 2: Representative photograph showing the images of Acanthamoeba spp. 
isolates after staining with PAS stain. 

Periodic-acid Schiff’s (PAS) staining

Acanthamoeba spp. appeared pink in color after PAS staining. Some were dark pink and some were lightly stained. Amoebas were 
clearly visualized with 10X objective lens of a light microscope (Nikon, Japan) (Figure 3). 
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Figure 3: Representative photograph showing the images of Acanthamoeba spp. 
isolates after staining with Calcofluor white stain. A: image of cysts taken with 20X 
objective of a florescence microscope; B: image of cysts taken with 40X objective of a 

florescence microscope.

Calcofluor white staining

Acanthamoeba cysts appeared diffusely fluorescent with different fluorescent intensities depending on the thickness of cell wall (Fig-
ure 4). Image shows the mature cysts with double layer cellulose cell walls. The outer wall i.e. exocyst contained less amount of cellulose 
so appeared less bright while the inner wall i.e. endocyst contained more cellulose so appeared more bright.

PCR assay for amplification of ASA.S1 region of 18S rRNA gene 

After gel electrophoresis of the PCR amplified products in 1.5% agarose gel clear band of ~ 461bp length was visualised in both the 
culture positive specimens (Figure 4). 

Figure 4: Representative photograph of 1.5% agarose gel showing the amplified 
product of 461 bp region (ASA.S1) of 18S rRNA gene of Acanthamoeba spp. Samples 

loaded into the wells are mentioned on the right in a box.
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Discussions

Culture isolation of Acanthamoeba spp. is considered as the gold standard for laboratory diagnosis [7]. The commonest method is the 
culture of patient samples (corneal scrapings or CSF) on 2% non-nutrient agar plate overlaid with E. coli or with 2% agar medium contain-
ing low concentrations of nutrients (e.g., proteose peptone 0.05%, yeast extract 0.05%, glucose 0.1%) in the presence of living or killed 
bacteria [14,15]. The non-nutrient agar medium contains minimal nutrients and thus inhibits the growth of unwanted microorganisms 
[16]. The amoeba can grow with several bacteria such as, Klebsiella pneumoniae, Enterobacter spp. (Enterobacter aerogenes and Entero-
bacter cloacae), and Escherichia coli [15]. Of all these non-pathogenic strains of Escherichia coli are commonly used in the laboratories for 
preparation of culture plates. Acanthamoeba feed on these bacteria by phagocytosis and grow over the agar surface. 

Acanthamoeba trophozoites and cysts have variable staining characteristics due to the presence of cell wall in cyst form and its ab-
sence in trophozoite form. Different types of staining are used for direct detection of Acanthamoeba spp. in clinical samples like Giemsa, 
PAS, Calcofluor white etc. Giemsa stain is used to stain several protozoan trophozoites which differentiate the nuclear and cytoplasmic 
morphology of parasites. This stainings stains the nucleus and cytoplasm of cell, but cannot stain the outer cell wall of cysts. Calcofluor 
white (CFW) is a fluorescent dye which has a sharp affinity for cellulose present in the cell walls of cysts (both inner and outer) of Acan-
thamoeba spp. thus has found widespread use for detection of cysts in clinical samples [17-19]. Calcofluor white staining is mostly used 
as a simple, rapid method for the laboratory diagnosis of Acanthamoeba keratitis and any CNS infections. In the present study when the 
mature cysts were stained with calcofluor white, fluorescence was observed both in the outer cell wall and inner cell wall of the cysts but, 
the fluorescence in the ectocyst was intense while in the endocyst it was faint.

Vodkin., et al. were the first to use PCR assay for the detection of various strains Acanthamoeba spp. in clinical samples, using primer 
pairs designed from an anonymous repetitive sequence of 18S and 5S ribosomal RNA genes of A. castellanii that amplifies a 272 bp region 
[20]. Lehmann., et al. in 1998 also tested with another set of primers to amplify a 253 bp region of18S rDNA gene of Acanthamoeba spp. 
[21]. Later Schroeder., et al. in 2001 had shown that the above two primer pairs could also amplify 18S rDNA of related amoebas i.e., 
Balamuthia and Hartmanella along with Acanthamoeba. So, he designed a new set of genus specific primers called JDP1 and JDP2 which 
could amplify a 464 bp region of 18S rDNA of Acanthamoeba spp. specifically [9]. From that time, onwards these set of primers are used 
in laboratory diagnosis of Acanthamoeba spp. all over the world [6,22,23].

Conclusion

It was concluded from the above study that, for early and effective diagnosis of Acanthamoeba spp. in clinical specimens, staining and 
PCR assay could be used compared to culture. Staining takes very less time, while culture takes about a week for reporting. PCR asay takes 
nearly one or two days for identification of Acanthamoeba spp. in a clinical setting. We concluded from this study that, staining could be 
implementd for diagnosis of Acanthamoeba spp. in routine laboratory practices.
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