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		Acanthamoeba Keratitis

		Contact Profounda to secure Impavido® 24/7 at 908-635-2326   

		Introduction/Overview:
What is Acanthamoeba Keratitis?
Acanthamoeba keratitis (AK), a potentially blinding infection of the cornea, is caused by a free-living protozoan that is ubiquitous in nature, found commonly in water, soil, air, cooling towers, heating, ventilating, and air conditioning (HVAC) systems, and sewage systems.
AK is increasingly being recognized as a severe sight-threatening ocular infection, worldwide.
AK is a local infection of the eye that does not produce systemic illness. Unlike disseminated Acanthamoeba infection, corneal disease is not associated with immunosuppression. Symptoms of Acanthamoeba keratitis include foreign body sensation, photophobia, decreased visual acuity, tearing, pain and redness of the eye. Diagnosis requires a high index of suspicion, and early diagnosis can greatly improve treatment efficacy. Affected individuals are at risk for permanent visual impairment and blindness.
AK has been identiﬁed as an entity since 1973 when the ﬁrst case of an American patient was reported to an ocular microbiology group in Dallas

What is the epidemiology of Acanthamoeba keratitis?
Acanthamoeba keratitis primarily affects otherwise healthy people, the majority of whom wear contact lenses. In the United States, an estimated 85% of cases occur in contact lens wearers. The incidence of the disease in the United States has been conservatively estimated at approximately one to two cases per million contact lens users, although these estimates need to be refined. Individuals who exercise proper contact lens-care practices and non-contact lens wearers can also develop the infection. 
However, individuals who improperly store, handle or disinfect their lenses (e.g. , use tap water or homemade solutions for cleaning), swim/use hot tubs/shower while wearing lenses, come in contact with contaminated water, have minor damage to their corneas, or have previous corneal trauma are at increased risk of infection. 
Typically, singular amebas gain access to the lens case via tap water or the air, rapidly grow to high densities within the lens case if this is not cleaned properly and regularly, and then attach to the lenses and infect the eye. Wearers of soft contact lenses using multipurpose solutions are at particular risk, because Acanthamoebae adhere especially well to the hydrophilic plastic of these lenses, and soft lenses are more difficult to clean than rigid lenses. Moreover, soft lenses are often over worn (dailies used for several days, monthlies used for several months) and are also the type of lenses used by people who do not regularly but only occasionally (e.g. once a week for sports) wear their contacts, and who are often unaware of proper contact lens hygiene. For prophylaxis of AK, lens cases should be cleaned manually and air dried, contact lenses should be cleaned and stored using an appropriate (best: two-step) contact lens cleaning system, and both, lenses and lens cases have to be exchanged regularly.
No known cases of person-to-person transmission have been reported.

Disease and Infection:
Acanthamoeba likely invade the cornea through a physical opening, such as a minor abrasion, in the corneal epithelium. Contact lens wear may facilitate direct inoculation of Acanthamoeba into the eye and promote infection through mechanical or hypoxic trauma to the cornea. Upon binding to mannose glycoproteins of the corneal epithelium, Acanthamoeba secretes proteins cytolytic to the epithelium as well as proteases that facilitate further penetration. IgA antibodies normally protect corneal epithelial cells from Acanthamoeba infection; however, certain Acanthamoeba species are capable of producing proteases that lead to antibody degradation.
Because the timing of exposure to Acanthamoeba is difficult to assess and because the time required to establish infection is highly dependent on the size of the inoculum, the incubation period for Acanthamoeba keratitis is difficult to determine; it is thought to range from several days to several weeks.
The clinical presentation of Acanthamoeba keratitis varies greatly. Affected individuals may complain of unilateral foreign body sensation, photophobia, decreased visual acuity, tearing, and pain or redness of the eye. Infection involving both eyes can occur. 
Pain out of proportion to clinical findings is a classic feature of Acanthamoeba keratitis; however, especially early in the disease, lack of pain does not preclude the diagnosis. Because of similarities to the clinical manifestations of viral, fungal, or bacterial corneal infection, individuals may be misdiagnosed and treated with improper antimicrobial or corticosteroid therapy. Such therapy may initially alleviate symptoms and further obscure the clinical picture and diagnosis.
Eight different species of Acanthamoeba have been isolated as etiologic agents in Acanthamoeba keratitis: A. castellanii, A. polyphaga, A. culbertsoni, A. hatchetti, A. rhysodes, A. lugdunensis, A. quina and A. Griffin. 

Diagnosis

The most important step in AK diagnosis is to think of it. Generally, AK should be considered in all contact lens wearers and in any case of corneal trauma with exposure to soil or contaminated water.
A high degree of suspicion, especially in a contact lens wearer with a recent diagnosis of another form of keratitis, such as herpes simplex virus keratitis, who is not responding to therapy, has resulted in successful diagnoses of AK.
If diagnosis is delayed, the amoebae have already penetrated deeply into the corneal stroma and successful therapy becomes exceedingly difficult.
Early diagnosis is essential for effective treatment of Acanthamoeba keratitis. The infection can be difficult to treat due to the resilient nature of the cyst form. 
A recent CDC investigation of AK indicated that there is a substantial delay from symptom onset to diagnosis of AK, and that this delay is strongly associated with poorer clinical outcomes, including clinical blindness and the need for corneal transplants.
AK is usually unilateral and progresses slowly, from epithelial to stromal disease. At the beginning of the infection, a diffuse superficial keratopathy is found, later multifocal infiltrates are almost always observed in the stroma. Acanthamoeba sclerokeratitis is an uncommon complication of AK and assumedly has an immune-mediated origin. Tu, et al. established five levels of AK severity based on slit-lamp biomicroscopy findings: epitheliitis, epitheliitis with radial neuritis, anterior stromal disease, deep stromal keratitis, or ring infiltrate. 
The characteristic ring infiltrate is, however, only seen in approximately 50% of patients. In the early stage, AK can easily be confused with Herpes simplex keratitis, while in the advanced stage, the infection resembles the clinical picture of a fungal keratitis or a corneal ulcer
In the early stage, AK can easily be confused with Herpes simplex keratitis, while in the advanced stage, the infection resembles the clinical picture of a fungal keratitis or a corneal ulcer.
This disease is uncommon, and therefore, not always on the “diagnostic radar”. 
It is suspected that the true number of cases is greater than those that are diagnosed.
Acanthamoeba keratitis varies greatly from person to person. Affected individuals may complain of:
· Eye pain
· Eye redness
· Blurred vision
· photophobia
· Sensation of something in the eye
· Excessive tearing
 Clinical appearance:
Ring-like stromal infiltrate, epithelial defect and lid edema can be observed in cases.

Because there are similarities with symptoms of other eye infections, early diagnosis is essential for effective treatment of Acanthamoeba keratitis.
AK should be considered among your differential diagnoses when evaluating patients -- including those who don't wear contact lenses -- who report symptoms such as eye pain, redness, blurred vision, and photophobia, as well as those with a recent diagnosis of another form of keratitis, such as herpes simplex virus keratitis, who is not responding to therapy.

[image: ]
Early inflammation due to Acanthamoeba keratitis. This can resemble keratitis caused by herpes simplex. 
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Early phase of ring infiltrate. Left, broad illumination: right, high magnified slit illumination. 
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Early epithelial stage. Left, broad illumination; right, slit beam illumination. Multifocal intraepithelial 
Acanthamoeba organisms.
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Left, broad illumination; right, slit beam illumination. Early, central stromal inflammation (keratitis): resembles the immunogenic form of herpes simplex stromal keratitis. 
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Slit lamp photo; broad illumination. Early epithelial stage of infection. Linear configuration resembles
The epithelial form (dendritic) of herpes simplex keratitis.

All images above are courtesy of Dan B. Jones, M.D. , and are found on the CDC website: https://www.cdc.gov/parasites/acanthamoeba/health_professionals/acanthamoeba_keratitis_images.html# 

Diagnosis is made on the basis of clinical picture and isolation of organisms from corneal culture or detection of trophozoites and/or cysts on histopathology. However, a negative culture does not necessarily rule out Acanthamoeba infection.
The tentative diagnosis of AK can often be made by in vivo confocal microscopy (IVCM). The Acanthamoeba cysts appearing as hyper-reflective, spherical structures are usually well defined because of their double wall; the trophozoites are difficult to distinguish from leukocytes and keratocyte nuclei. However, the direct detection of the causative agent in a corneal scrape specimen is the only reliable diagnostic method for AK. Culture remains the gold standard of Acanthamoeba laboratory diagnosis, but today several PCR-based techniques are also well established and usually increase sensitivity significantly. In cases of severe infection, amoeba density is sometimes very high and the amoebae can already be detected by direct microscopy of the clinical sample, without enrichment. Acanthamoeba trophozoites or cysts are readily recognizable in phase contrast microscopy, but also stain well in several stains and cysts exhibit auto-fluorescence. However, particularly if patients have already been pre-treated with antibiotics, amoeba density is usually very low. Moreover, amoebae exhibit altered morphologies – in these cases, even culture often remains negative and molecular techniques are indispensable. Reliable identification below the genus level requires genotyping. Serological techniques are of no diagnostic value as specific antibodies are also detected in apparently healthy people due to the ubiquity of Acanthamoeba.

 Confocal microscopy and polymerase chain reaction assays to detect Acanthamoeba may also assist with diagnosis.
To help reduce the risk for delayed diagnosis, encourage your patients to contact you if they experience eye irritation or symptoms of eye infection. 

Differential Diagnosis
Table below from: An update on Acanthamoeba keratitis: diagnosis, pathogenesis and treatment
Jacob Lorenzo-Morales, Naveed A. Khan, Julia Walochnik 
Published online 2015 Feb 18. doi: 10.1051/parasite/2015010
Table 1.
Important characteristics for the differential diagnosis of Acanthamoeba keratitis (AK) compared to keratitis due to other infectious agents.
	Specific characteristics of AK
	When compared to

	Pseudo-dendritiform epitheliopathy, epithelium defects without terminal knots, perineural infiltrates, [ring infiltrate]*, endothelium is not involved 
	Herpes simplex keratitis

	Usually restricted to cornea, absence of anterior chamber activity, stromal infiltrates are usually multifocal (not monofocal), [ring infiltrate]* 
	Bacterial keratitis

	Usually restricted to cornea, clear epithelium defects, perineural stromal infiltrates, [ring infiltrate]* 
	Fungal keratitis


*The characteristic ring infiltrate is only seen in the advanced stage and even then only in 50% of patients.



		Diagnostic testing for Acanthamoeba keratitis 
The Centers for Disease Control and Prevention, Atlanta, Georgia maintains a free-living ameba reference diagnostic laboratory in the United States. This is a gratis service.
Clinicians should contact this laboratory before collecting specimens. Complete information is available below in the “Free-Living Ameba Testing at CDC Free-Living and Intestinal Amebas (FLIA) Laboratory” document and also here: https://www.cdc.gov/parasites/naegleria/pdf/Free-Living-Ameba-Testing-Factsheet-508c.pdf 
Contacting the lab prior to collecting specimens will contribute to optimal results. The lab will provide complete information, including collection and shipping, proper transport media, and containers.
For confirmation of an AK, sampling and investigation of the correct material is crucial. Only if amebae are detected in corneal scrapings or in corneal biopsies a reliable diagnosis can be made. Acanthamoebae penetrate the cornea and are usually not found on the corneal surface, thus superficial swab samples or tear samples often remain negative, particularly in the advanced stage of the disease and/or if patients have already been pretreated with antibiotics. On the contrary, contact lens containers, even those of entirely healthy CL wearers, are almost always positive for Acanthamoebae, at least in PCR. This means that the detection of Acanthamoeba spp. in the CL case does not necessarily indicate an AK. When the CL case is negative, however, it is very unlikely that the patient has an AK, unless, of course, the CL case was recently changed.
Direct microscopy
In severe infections or when highly contaminated contact lens cases are investigated, the amoebae can usually already be detected by direct microscopy (200×–400× magnification) of the original sample. For microscopic investigation of amoebae, phase contrast or interference contrast are particularly well suited. Nucleated corneal cells of lower cornea layers may resemble amoebae, but acanthamoebae can be discriminated from other mononuclear cells by their large central nucleolus, their contractile vacuole and their hyaline pseudopodia with characteristic hyaline protrusions, the so-called acanthopodia. The trophozoites are 15–45 μm in size and have an oval to elongated outline (Fig. 3). They move slowly by forming usually one or two pseudopodia in the direction of movement. The cysts are smaller (12–25 μm) and polygonal or star-shaped (Fig. 4). They have two cyst walls which are connected at several points. These points of contact between endocyst and ectocyst are covered by an operculum, which is removed during excystation.

Stains
Stains are practical for the detection of cysts in fresh clinical material or in pelleted lens-case solution and for the investigation of tissue sections. Fast and easy stains are lactophenol-cotton blue or Giemsa, but also calcofluor white and acridine orange usually give very good results. If morphological details are to be studied, it is recommended to use a silver stain, which is particularly well-suited for the investigation of the cysts. However, amoebae have to be cultured prior to staining. A general problem is that other cells, particularly fungi also stain well in these stains. As a specific staining, immunostaining using anti-Acanthamoeba antibodies is recommended which is also the stain of choice for tissue sections. Alternatively, tissue section can be stained with haematoxylin & eosin (HE) [35].

 Lactophenol-cotton blue (LPCB) 
The material is mixed with an adequate volume of LPCB stain (20 g phenol crystals, 20 mL lactic acid, 40 mL glycerol, 0.05 g cotton-blue and 20 mL dH2O; or ready-mixed available through e.g. Sigma-Aldrich) and investigated by light microscopy [101]. This stain is particularly well suited for Acanthamoeba cysts; the cyst walls and the nucleus appear in an intensive blue, while the cytoplasm stains light-blue.

 Acridine orange 
Samples are fixed in 95% methanol for 2 min onto a glass slide, air dried, covered with acridine orange staining solution (pH 4) for 2 min, rinsed with H2O and air dried. Cysts appear bright orange and are easily discernible in fluorescence microscopy.

Calcofluor white 
Samples are transferred to a glass slide, air dried and fixed for 3 min with methanol. Subsequently, the sample is rinsed in PBS and stained using 2–3 drops of calcofluor white solution (0.1%, e.g. Sigma-Aldrich or Thermo Scientific). After 5 min, the slide is rinsed with PBS and counter-stained with Evan’s blue (0.05%, e.g. Sigma-Aldrich or Thermo Scientific) for several seconds. It is important to use an embedding solution without auto-fluorescence. Slides are investigated by fluorescence microscopy (300–440 nm). Acanthamoeba cysts appear in a light green because the calcofluor white binds to the cellulose in the cyst walls. Evan’s blue diminishes the background fluorescence making the trophozoites appear reddish-brown.

Silver 
The cysts are harvested from a culture plate/flask, suspended in 2 mL amoeba saline (Table 2) and washed three times in amoeba saline by centrifugation (500 g/10 min). The sample is fixed for 20 min in 2% formalin and washed in amoeba saline, the supernatant is removed and the pellet is transferred to a glass slide using an inoculating loop and mixed with Mayer’s albumin (glycerine-albumin 1:1, e.g. Hardy Diagnostics). Then, the cysts are fixed onto the slide using Clarke’s fixative (95% alcohol-acetic acid 9:1) for 2 h. The fixative is removed using dH2O and the slides are incubated in 0.5% silver-protein solution in a water bath at 60 °C. After 2 h, the slides are transferred to the reducing agent (1% hydroquinone in 5% Na2SO3) and incubated during gentle shaking for several seconds up to 5 min. The slides are washed in dH2O, dehydrated in an alcohol series, cleared with xylene, mounted and investigated by bright field microscopy.

Immunostain 
To the best of our knowledge, no commercial kit is available, but antisera against the three Acanthamoeba groups (I–III), produced by immunization of a rabbit with Acanthamoeba whole-cell antigen, are available in many laboratories (including our own) and can be obtained upon request.

Haematoxylin & eosin (HE) 
The tissue section is fixed in 10% neutral buffered formalin solution (e.g. Sigma-Aldrich). Serial sections of 6 μm are produced, deparaffinized for 1–2 min in xylene, dehydrated in alcohol and washed with dH2O. Subsequently, the sample is stained with haem
Molecular identification:  Molecular testing is also conducted at the The Centers for Disease Control and Prevention, free-living ameba reference diagnostic laboratory (above).

Treatment
Current treatment regimens usually include a topical cationic antiseptic agent such as polyhexamethylene biguanide (0.02%) or chlorhexidine (0.02%) with or without a diamidine such as propamidine (0.1%) or hexamidine (0.1%). The duration of therapy may last six months to a year. Pain control can be helped by topical cyclopegic solutions and oral nonsteroidal medications. The use of corticosteroids to control inflammation is controversial. Penetrating keratoplasty may help restore visual acuity.
Recently, successful outcomes have occurred using Impavido® (miltefosine) (off-label use) in the treatment of AK.
……..
(1) Efficacy of Topical Miltefosine in Patients with Acanthamoeba Keratitis: A Pilot Study
Bhupesh Bagga, MD, FRCS1,  et al ∗,    Ophthalmology ,    https://doi.org/10.1016/j.ophtha.2018.12.028 

Case report
(2) The use of miltefosine in the management of refractory Acanthamoeba keratitis
Shokufeh Tavassoli  , Miranda Buckle  DerekTole        PeterChiodini       KierenDarcy  
Contact Lens and Anterior Eye,  Volume 41, Issue 4, August 2018, Pages 400-402
In an in vivo study, a series of compounds – miltefosine, polyhexamethylene biguanide, chlorhexidine, and propamide isethionate – and combinations of the latter three agents with miltefosine were prepared and used in a rat model for the topical treatment of AK. The best treatment results were obtained from the polyhexamethylene biguanide plus miltefosine group. Approximately 86% of the eyes were cleared from amoebae.[30]

In a case study by the CDC, patients with non-keratitis Acanthamoeba infections showed a significantly improved survival rate when treated with miltefosine. In the miltefosine treated group, 5/7 patients survived. The group not treated with miltefosine only had 9 survivors of the 56 total patients.[10]

In Syria, the anti-Acanthamoebic activity of miltefosine was confirmed in an Acanthamoeba keratitis hamster model in which topically applied miltefosine [160 µM (65 µg/mL), 28 days] resulted in complete cure of the infection in 85% of the hamsters.[24]

Keratitis cases substantially increased in the 1980s with the introduction of disposable soft contact lenses.[38] Some evidence shows that the rate has subsequently declined, especially with the introduction of multipurpose cleaning solutions. The estimated rate of Acanthamoeba keratitis is 1 per 250,000 people in the United States, although rates vary among studies: from 1.65-2.01 per million population up to 1 per 10,000 people who wear contact lenses.[39]

30.	Polat, Zubeyde A., Julia Walochnik, Andreas Obwaller, Ayse Vural, Ayhan Dursun, and Mustafa K. Arici. "Miltefosine and Polyhexamethylene Biguanide: A New Drug Combination for the Treatment of Acanthamoeba Keratitis." Clinical & Experimental Ophthalmology Clin Experiment Ophthalmol 42.2 (2013): 151-58.

10.	Cope JR, Roy SL, Yoder JS, Beach MJ. Improved treatment of granulomatous amebic encephalitis and other infections caused by Balamuthia mandrillarisand Acanthamoeba species [Poster]. Presented at Council of State and Territorial Epidemiologists' Annual Conference, Pasadena, CA, June 9–13, 2013.

24.	Polat ZA, Obwaller A, Vural A, et al. Efficacy of miltefosine for topical treatment of Acanthamoeba keratitis in Syrian hamsters. Parasitol Res 2012;110:515-20.

39.	Schaumberg DA, Snow KK, Dana MR. The epidemic of Acanthamoeba keratitis: where do we stand?.Cornea. 1998 Jan. 17(1):3-10.

Directly above From Impavido® Clinical Support Dossier:  http://www.impavido.com/healthcare-professionals   


Q&A
Q. Where do I obtain information on the use of Impavido® to treat AK? 
A. Contact Profounda at 908-635-2326   

Q. Where do I obtain Impavido® to treat AK? 
A:  If your hospital is one of the 21 who are participating in the free consignment program, it is now available in the hospital pharmacy. Location: _______________________________________________
If your hospital is not participating in the free consignment program, Contact Profounda to secure Impavido® 24/7 at 908-635-2326 

Q. What is Acanthamoeba keratitis? 

A. Acanthamoeba keratitis is a rare but serious infection of the eye that can result in permanent visual impairment or blindness. This infection is caused by a microscopic, free-living ameba (single-celled living organism) called Acanthamoeba. Acanthamoeba causes Acanthamoeba keratitis when it infects the transparent outer covering of the eye called the cornea. Acanthamoeba amebas are very common in nature and can be found in bodies of water (for example, lakes and oceans), soil, and air.

Q. What are the symptoms of infection? 

A. The symptoms of Acanthamoeba keratitis can be very similar to the symptoms of other eye infections. These symptoms, which can last for several weeks or months, may include:
· Eye pain
· Eye redness
· Blurred vision
· Sensitivity to light
· Sensation of something in the eye
· Excessive tearing
Patients should consult with their eye doctor if they have any of the above symptoms. Acanthamoeba keratitis will eventually cause severe pain and possible vision loss or blindness if untreated.

Q. Who is at risk for infection? 

A. Acanthamoeba keratitis is most common in people who wear contact lenses, but anyone can develop the infection. For people who wear contact lenses, certain practices can increase the risk of getting Acanthamoeba keratitis:
· Storing and handling lenses improperly
· Disinfecting lenses improperly (such as using tap water or homemade solutions to clean the lenses)
· Swimming, using a hot tub, or showering while wearing lenses
· Coming into contact with contaminated water
· Having a history of trauma to the cornea
· How is Acanthamoeba diagnosed and treated? 
· Early diagnosis is essential for effective treatment of Acanthamoeba keratitis.
· The infection is usually diagnosed by an eye care provider based on symptoms, growth of the Acanthamoeba ameba from a scraping of the eye, and/or seeing the ameba by a process called confocal microscopy.
· The infection is treated with one or more prescription medications. An eye care provider can determine the best treatment option for each patient.


Sources to provide (at bottom??)  of document:  

· CDC : Parasites – Acanthamoeba-  Granulomatous Amebic Encephalitis (GAE); Keratitis webpages  https://www.cdc.gov/parasites/acanthamoeba/gen_info/acanthamoeba_keratitis.html  

· An update on Acanthamoeba keratitis: diagnosis, pathogenesis and treatment
Jacob Lorenzo-Morales, Naveed A. Khan, Julia Walochnik 
Published online 2015 Feb 18. doi: 10.1051/parasite/2015010

Documents to include at end of AK section: 
(1)  https://www.cdc.gov/parasites/naegleria/pdf/Free-Living-Ameba-Testing-Factsheet-508c.pdf   
and: 
(2) An update on Acanthamoeba keratitis: diagnosis, pathogenesis and treatment
Jacob Lorenzo-Morales, Naveed A. Khan, Julia Walochnik 
Published online 2015 Feb 18. doi: 10.1051/parasite/2015010
(3) Impavido® Clinical Support Dossier
(4) “Free-Living Ameba Testing at CDC Free-Living and Intestinal Amebas (FLIA) Laboratory”  document  from https://www.cdc.gov/parasites/naegleria/pdf/Free-Living-Ameba-Testing-Factsheet-508c.pdf  
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