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ABSTRACT
Introduction: Acanthamoeba spp. are the most common and widely distributed freeliving amoeba. It can cause serious kerati-

tis and granulomatous amebic encephalitis (GAE). Acanthamoeba spp. are highly resistant to many therapeutic agents. Thus, 
new drugs that can effectively kill Acanthamoeba cyst are required to overcome this problem.

Objective: This study investigates the anti-Acanthamoeba activity of Amphotericin B, Fluconazole and Ciprofloxacin against 
3 clinical isolates of Acanthamoeba and to determine its MCC values. 

Materials and methods: In this study, the antimicrobial agents (Amphotericin B, Fluconazole and Ciprofloxacin) were tested 
against 3 Acanthamoeba clinical isolates, (HSB 1, HUKM 21 and HUKM 24) using their cyst suspensions and later cultured on to 
Non Nutrient Agar. The plates were examined daily for Acanthamoeba trophozoites under inverted microscope until day 14. The 
presence of trophozoites indicated ineffectiveness of the antimicrobial agents. 

Results: Ciprofloxacin 3 mg/ml was effective against all Acanthamoeba clinical isolates cysts. However both Fluconazole 2 
mg/ml and Amphotericin B 10 mg/ml were not effective against all isolates cysts. Ciprofloxacin showed MCC values of 0.75 mg/
ml for HUKM 24 and 1.5 mg/ml for HSB 1 and HUKM 21. 

Conclusion: Ciprofloxacin have the potential to be used as a therapeutic agent for Acanthamoeba keratitis while both 
Fluconazole and Amphotericin B were ineffective against all isolates of Acanthamoeba.
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INTRODUCTION

Acanthamoeba are small free-living amoeba with life cycle charac-
terized by the trophozoite and cyst stages. They are resistant to disinfec-
tants, temperature variations and dessication and are responsible for two 
recognized diseases in humans, granulomatous amoebic encephalitis 
and keratitis. Although rare, Acanthamoeba keratitis is one of the most 
severe and potentially sight threatening ocular parasitic infectious dis-
eases and is recognized as the most challenging among ocular infections 
because of the protracted painful clinical course and frequently encoun-
tered treatment failures. 

In Malaysia, the first case of Acanthamoeba keratitis was reported 
in 1995 involving a woman who was a long-term contact lens wearer. 
Although the patient had to undergo treatment overseas, it was the wake 
up call to the local medical community on the pathogenicity of 
Acanthamoeba (Mohamed Kamel & Norazah 1995). Since then, this 
condition is no longer a rarity and is seen with increasing frequency 
especially among contact lens wearers. In 2001, 10 cases of 

Acanthamoeba keratitis were diagnosed in Hospital Universiti 
Kebangsaan Malaysia (HUKM) alone (Mohamed Kamel et al. 2005).

The management of Acanthamoeba keratitis presents a considerable 
challenge to the practicing physician. It is difficult to diagnose, and 
treatment requires compounding medications that are uncommon. In a 
recent study by Ortillés et al. 2017, the drug combinations evaluated, 
ciprofloxacin-voriconazole-chlorhexidine showed the greatest amoebi-
cidal activity. Ciprofloxacin as monotherapy and in combination with 
voriconazole and chlorhexidine has been classified as promising treat-
ment.

Because of the serious nature of Acanthamoeba keratitis and also 
the lack of therapeutic agents available against Acanthamoeba, any new 
drug treatment would be welcome. Therefore antimicrobial agents such 
as Ciprofloxacin, Fluconazole and Amphotericin B are tested to explore 
their potential activity against Acanthamoeba. This study determines the 
effectiveness and the Minimum Cysticidal Concentration (MCCs) of the 
three antimicrobial agents on the clinical isolates of Acanthamoeba by 
in vitro sensitivity test.
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MATERIALS  AND  METHODS

Three Acanthamoeba clinical isolates were obtained from the 
Department of Parasitology, Faculty of medicine, Universiti 
Kebangsaan Malaysia. The antimicrobial agents tested were 
Ciprofloxacin HCl (CILOXAN®, ALCON-CONVREUR, Belgium), 
Fluconazole (Diflucan*, Pfizer P.G.M., New York), Amphotericin B 
(Fungizone*, ABBOTT FRANCE S.A., France). 

Standard suspension of Acanthamoeba cysts 

The mature cysts were recovered from non-nutrient heat-killed 
Escherichia coli plates (NNA-E. coli) by prolonged incubation of tro-
phozoites up to 14 days. The cysts were gently scraped off using sterile 
bacteriologic wire loop suspended in 1 mL Page solution, and the num-
ber of cysts was counted using the Neubaur chamber. The cysts suspen-
sion was adjusted to a final concentration of 105 cysts/ml. 

In vitro susceptibility test 

The test was performed to determine the effectiveness of the drugs 
in therapeutic dose; Ciprofloxacin 3 mg/ml, Fluconazole 2 mg/ml and 
Amphotericin B 10 mg/ml against cysts of the 3 Acanthamoeba isolates. 
After incubation, each microtiter plate well was washed into separated 
vials and centrifuged. The supernant was discarded, and the pellet was 
then spread onto the non-nutrient agar plates seeded with E. coli, and 
incubated at 30℃ for 14 days. The plates were examined daily for the 
presence of Acanthamoeba trophozoites by means of an inverted micro-
scope. If no trophozoites were observed at the end of 14 days, the inocu-
lum used for the plate was considered to have been nonviable and that 
the antimicrobe was considered effective. The study was also designed 
to determine the minimum cysticidal concentration (MCC) of the drugs 
following the technique by Narasimhan et al. 2002 and was only carried 
out if the antimicrobial agents tested, show positive result of susceptibil-
ity testing. Experiments were carried out in duplicate with each antimi-
crobial agents on different Acanthamoeba cyst isolates.

RESULTS

The clinical isolates are derived from keratitis cases from Hospital 
Sungai Buloh, (HSB 1) and from Hospital Universiti Kebangsaan 
Malaysia (HUKM 21 and HUKM 24) as shown in Table 1.

Of the three drugs in therapeutic doses tested (Ciprofloxacin 3 mg/
ml, Fluconazole 2 mg/ml and Amphotericin B 10mg/ml) only 
Ciprofloxacin 3 mg/ml demonstrated effectiveness against cysts of the 3 
Acanthamoeba isolates, as shown in Table 2.

Ciprofloxacin showed MCC values of 0.75 mg/ml for HUKM 24 
and 1.5 mg/ml for HSB 1 and HUKM 21 as in Table 3.

DISCUSSION

Keratitis caused by the free-living amoeba Acanthamoeba is one of 

the most difficult ocular infections to manage successfully due to the 
resistance of the organism's cyst stage to most antimicrobial agents at 
concentrations tolerated by the cornea (Kilvington & White 1994, 
Larkin et al. 1992). Successful medical therapy has been reported using 
topical application of the diamidine compound propamidine isethionate 
alone or in combination with the aminoglycoside neomycin (Wright et 
al. 1985) and with antifungal imidazole derivatives such as miconazole 
and itraconazole (Ishibashi et al. 1990). However, the rationale for the 
use of many of these agents is not supported by Acanthamoeba sensitiv-
ity testing, which has shown that while aminoglycoside and imidazole 
agents are active against the trophozoites, the cysts are markedly resis-
tant (Larkin et al. 1992, Lim et al. 2000, Wright et al. 1985).

Amphotericin B had been widely used in the treatment of Primary 
Amebic Meningoencephalitis (PAM) caused by Naegleria spp. (Carter 
1969; Duma et al. 1971; Schuster & Rechthand 1975). Carter (1969) 
reported that Amphotericin 0.075 ug/ml was effective against Naegleria 
spp., which is also a free-living ameba. In this study, Amphotericin B 10 
mg/ml was not effective against all three Acanthamoeba isolates. 
Clinically, Amphotericin B has been used in treatment of Acanthamoeba 
infection. Amphotericin B 550 mg was successfully used to treat naso-
pharyngeal infection caused by Acanthamoeba (Rivera & Padhya 2002). 
Amphotericin B and voriconazole also had been used to treat Cutaneous 
Acanthamoeba infection (Walia et al. 2007). Amphotericin B reacts with 
ergosterol in the cell membrane, forming pores that lead to leakage of 
the cellular membrane (Kinsky 1967; Hamilton & Elliott 1975). The dif-
ferences in susceptibility of Acanthamoeba strain to Amphotericin B in 
these studies may be due to the different sterol or lipid concentration on 
Acanthamoeba cell membrane (Duma & Finley 1976). 

In this study, Ciprofloxacin 3 mg/ml were effective against all 
Acanthamoeba isolates tested. This finding supports the studies done by 
Martin-Navarro et al. 2008 and Noradilah et al. 2009. In their research, 
Ciprofloxacin can kill pathogenic Acanthamoeba spp. in-vitro. and 
should be considered for a combined therapy as antibiotics can reduce 
bacterial infection and also eliminate a source of nutrients for acan-
thamoebae. Ortillés et al. 2017 also found that Ciprofloxacin was the 
most active agent against Acanthamoeba spp. as monotherapy. It 
demonstrated the greatest amoebicidal activity, with severe damage of 
the cellular membrane and an important decrease in cell concentration. 

Fluconazole 2 mg/ml were not effective against all Acanthamoeba 
isolates in this study. This finding was similar to the study done by 
Kilvington et al. (1990) where Fluconazole failed to kill Acanthamoeba 
cysts in-vitro but, in vivo, it had been successfully used in the treatment 
of Acanthamoeba infection. Fluconazole together with sulfadiazine had 
been used in treatment of AIDS patient suffering GAE (Shadduck et al. 
1979). Fluconazole 200 mg alone had also been successfully used to 
treat patient with GAE (Martinez et al. 2000). Furthermore, a combina-
tion therapy with 300 mg oral Fluconazole after corneal cryosurgery had 
successfully cured Acanthamoeba keratitis patients (Amoils & Heney 
1999). In addition, Fluconazole together with Amphotericin B had also 
been used in the treatment of PAM caused by Naegleria spp. (Brown 
1991; Loschiavo et al. 1993; Wang et al. 1993). 

Research on in-vitro susceptibility of Acanthamoeba to various 
drugs has always given contradictory results. (Ludwig et al. 1986; 
Cohen et al. 1987; Davies et al. 1988). The variations in these results 
are due to the different Acanthamoeba species and strain tested 
(Alizadeh et al. 1997; Kilvington et al. 2002) and different methodology 
used (Davies et al. 1988; 1990). 

Table 1.  Clinical isolates of Acanthamoeba
Isolates Source Isolation Place

HSB 1 Keratitis Hospital Sungai Buloh, Malaysia
HUKM 21 Keratitis Hospital Universiti Kebangsaan Malaysia
HUKM 24 Keratitis Hospital Universiti Kebangsaan Malaysia

Table 2. Effectiveness of Amphotericin B, Fluconazole, 
and Ciprofloxacin toward Acanthamoeba cysts

Isolates Amphotericin B Fluconazole Ciprofloxacin
 10 mg/ml 2 mg/ml 3 mg/ml 

HSB 1 X X ✓
HUKM 21 X X ✓
HUKM 24 X X ✓

Key:

X Ineffective (trophozoites present)

✓ Effective (trophozoites absent)

Table 3.  MCC of Ciprofloxacin against Acanthamoeba cysts
 Isolates Ciprofloxacin
 MCC (mg/ml)

HSB 1  1.5
HUKM 21  1.5
HUKM 24  0.75
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CONCLUSION

Ciprofloxacin have the potential to be used as a therapeutic agent 
for Acanthamoeba keratitis while both Fluconazole and Amphotericin 
were ineffective against all isolates of Acanthamoeba.
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