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7.1	 �Introduction

Atypical Mycobacteria (AM), also known as nontuberculous Mycobacteria, are 
aerobic, nonmotile, nonspore-forming bacilli that can be responsible for multiple 
ocular infections, most commonly keratitis [1, 2]. Although there are many known 
species of AM, the majority responsible for keratitis are rapidly growing and non-
chromogenic Runyon group IV organisms: Mycobacterium chelonae (42.7%), 
Mycobacterium fortuitum (14.7%), and Mycobacterium abscessus (11.1%) [3]. In 
addition to causing keratitis, AM infections have also been known to involve the 
orbit, periocular skin, and lacrimal system, and they can cause scleritis, conjunctivi-
tis, endophthalmitis, choroiditis, iridocyclitis, and panuveitis [3]. Human infections 
are acquired from environmental exposure, often from soil, dust, or water [4].

The majority of AM ocular infections are keratitis [4]. Historically, AM have 
been known to cause corneal ulcers via nonsurgical trauma directly inoculating AM 
into the corneal stroma [5]. Post-corneal transplant AM keratitis was first reported 
in the 1980s, followed by multiple cases of post-laser in situ keratomilieusis 
(LASIK) AM keratitis in the 1990s, both sporadic and epidemic [6–8]. Presently, 
the plurality (47.6%) of AM cases occur post-LASIK, and the most common cause 
of post-LASIK keratitis is AM. Other common causes of AM include foreign bodies 
(17.6%), implants (17.3%), trauma (14.8%), and contact lens wear (6.4%) [3].

The common causes of AM keratitis often involve some degree of penetrating 
trauma to the corneal epithelium [4]. Soft contact lens wearers who develop abra-
sions are at risk [9], as well as patients who undergo suture removal [10]. 
Additionally, post-clear corneal cataract surgery wound ulcers secondary to AM 
have been reported [11, 12]. However, nearly one-third of AM keratitis cases 
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present with no associated epithelial defect and with corneal scrapings showing 
normal epithelium and no growth of organisms [13] making diagnosis challenging.

Topical corticosteroids may increase the risk of AM keratitis. In a rabbit model, 
M. fortuitum was cultured from corneal lesions from rabbit corneas treated with 
subconjunctival methylprednisolone at the time of inoculation with M. fortuitum, 
whereas controls who did not receive the steroids showed no active disease at 
3–4  weeks, and no organisms could be identified from culture [14]. It has been 
noted that steroids were used in more than half of the cases of reported AM keratitis 
(57.4%) [3]. Postoperative subconjunctival and topical corticosteroids not only 
increase the risk of AM keratitis but can also exacerbate AM keratitis and are associ-
ated with cases that are recalcitrant to antibiotic therapy [13, 15, 16]. Additionally, 
corneal grafts require postoperative topical corticosteroids and are therefore also at 
risk for AM keratitis, and these cases may warrant regraft, or penetrating kerato-
plasty if the keratitis occurs following endothelial keratoplasty [17–20]. M. chelo-
nae has even been implicated in AM keratitis after routine phacoemulsification 
cataract surgery [21].

7.2	 �Clinical Features

AM keratitis can be difficult to diagnose, and this often results in delayed treatment 
[22]. In one series, delayed diagnosis was reported in 55.5% of cases, with these 
being attributed to misdiagnosis, misidentification of the causative organism on cul-
ture, delay in taking cultures, or slow or no growth of the organism [3]. Cases have 
been misidentified as Nocardia and Corynebacterium species or misdiagnosed as 
herpes keratitis and fungal keratitis. The duration of delay ranged from 1 week to 
30 weeks, with an average of 8 weeks.

Cases of AM keratitis typically follow an indolent course and are prolonged by 
the use of topical steroids [14]. Often, cases of AM keratitis are preceded by a his-
tory of trauma, both surgical and nonsurgical, including foreign body removal [5, 
23]. Pain is variable, and vision is often decreased. A white central ulcer with white 
satellite infiltrates is characteristic of M. fortuitum and M. chelonae [5, 17, 24]. 
(Fig. 7.1) These satellite lesions can mimic those seen in fungal keratitis. A hypo-
pyon may develop if untreated (Fig. 7.2), but it is less common with an intact epi-
thelium [25]. A “cracked windshield” appearance of lines radiating from the central 
area of ulceration is also typical of AM keratitis. Unlike infectious crystalline kera-
topathy, this sign is seen transiently early in the disease course [4]. Despite the 
predilection to develop in cases of epithelial breakdown, the infection can be deep 
in the stroma without an epithelial defect due to direct inoculation, often from prior 
surgical trauma [13, 26]. These cases are associated with irregular margins and sat-
ellite lesions, and usually involve Runyon group I or II AM [27]. AM keratitis can 
extend to the corneoscleral junction [25, 26] and can appear like any other bacterial, 
herpetic stromal, or fungal keratitis. Some cases, especially those involving M. mari-
num, M. chelonae, and M. gordonae, can present with dendritic or geographic epi-
thelial defects with minimal stromal infiltration that simulate a nonsuppurative 
herpetic keratitis, leading to an incorrect diagnosis [5, 27, 28].
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7.3	 �Diagnosis

A combination of standard and special stains and media are often needed to make 
a microbiological diagnosis of AM keratitis. Gram and Giemsa stains typically 
reveal nonspecific polymorphonuclear leukocytes or partially stained bacilli that 
may be easily misdiagnosed [29]. Specific stains such as Ziehl–Neelsen show 
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Fig. 7.1  (a) Atypical 
mycobacterial keratitis at 
presentation; (b) during 
topical treatment; and (c) 
after resolution of active 
infection. (Courtesy: 
Sujata Das)
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gram-variable bacilli which do not decolorize with 20% sulfuric acid (Fig. 7.3). 
Fluorescein-conjugated stains such as auramine-rhodamine fluorescent acid-fast 
stain and fluorescent conjugated lectins are also useful [4]. With regards to cul-
tures, blood agar, chocolate agar, MacConkey agar, Lowenstein–Jensen medium, 
and liquid broth such as Middlebrook 7H9 broth in conjunction with a mycobacte-
rial growth indicator tube are recommended [30]. Multiple culture media increases 
yield, particularly of slower-growing varieties (Runyon groups I and II). Given 
variation in growth rates between different species, culture times vary from 2 to 
4 days, but they should be maintained for up to 8 weeks [31]. Recently, AM has 
been further characterized by PCR pulsed-field gel electrophoresis, which can aid 
in the diagnosis of AM keratitis [32, 33]. Of samples from one series of AM kera-
titis cases that isolated a causative organism, 64.1% were from superficial corneal 
scrapings, 9.5% were from corneal biopsy, 13.6% were from flap lift post-LASIK, 
and 5.5% were from corneal buttons post-transplant [3]. The sample source 
depends on clinical context.

Fig. 7.2  Slit lamp 
photograph of left eye with 
Mycobacterium abscessus 
keratitis. Note two satellite 
lesions in addition to the 
dense white infiltrate in the 
central cornea. Also, note 
the hypopyon

Fig. 7.3  Corneal button 
excised for recalcitrant 
Mycobacterium abscessus 
keratitis. Note staining of 
bacilli with Ziehl–
Neelsen stain
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7.4	 �Management and Outcomes

Recurrence of AM keratitis is common, despite an initial response to treatment [34], 
and the prognosis is guarded, as up to 50% of patients may have severe vision loss 
in cases of post-LASIK AM keratitis [8]. Thus, a high suspicion is needed in post-
LASIK keratitis in order to recognize and start treatment promptly [7, 35–38].

As in all cases of microbial keratitis, antibiotics play a crucial role in AM kerati-
tis, and the choice of antibiotics is based off of sensitivity data and outcomes from 
the treatment of non-ocular (systemic) AM infections [4]. Slower growing AM are 
sensitive to agents used to treat M. tuberculosis, such as rifabutin, rifampin, and 
streptomycin, whereas rapidly growing AM are sensitive to macrolides, fluoroqui-
nolones, and aminoglycosides. Cases often require a combination of two or more 
antibiotics. Triple therapy with topical clarithromycin or amikacin, azithromycin, 
and often a fourth generation fluoroquinolone, in conjunction with appropriate cor-
neal debridement has been suggested in the literature [7, 33, 39]. Two antibiotics 
have been used in 55.2% of eyes, with a plurality of combinations including amika-
cin (50 mg/mL) (39.4%) [3]. Only in the minority of cases (27.6%) has amikacin 
been used as monotherapy [3]. Clarithromycin (10 mg/mL) is ideally reconstituted 
from lyophilized parenteral drug, but it is no longer available in the US [40]. 
Currently, it is formulated from an oral suspension, which has been shown to have 
decreased bioavailability in rabbit corneas with intact corneal epithelium [40]. 
Azithromycin (2 mg/mL) can be reconstituted from lyophilized drug used parenter-
ally or from a mucoadhesive commercial preparation. Azithromycin 1% is a com-
mercially available topical formulation, but its efficacy is not known for AM 
keratitis. Finally, moxifloxacin or gatifloxacin has been used in AM keratitis with 
varying success. In vitro susceptibility testing has shown that based on the MIC cut 
off, fluoroquinolones are less likely to be useful in AM keratitis. In a series of 15 
cases of AM keratitis, all isolates were sensitive to amikacin, azithromycin, and 
clarithromycin, but only 9/15 (60%) were sensitive to gatifloxacin and 6/15 (40%) 
were sensitive to ciprofloxacin [41].

Systemic antibiotics may be used in recalcitrant cases [39], with oral clarithro-
mycin or oral doxycycline being commonly used. In one series of 203 cases of AM 
keratitis, topical antibiotic therapy alone was used in 53.2% of cases, whereas sys-
temic and topical antibiotics were combined in 41.9% of cases [3]. There are no set 
guidelines regarding duration of treatment, but cases of AM keratitis often require 
6 weeks to 6 months of topical and systemic antibiotic therapy [4]. Discontinuation 
of topical corticosteroids is also recommended as reduced local host immune mech-
anisms prolong the duration of AM keratitis [13].

Surgical management is a mainstay of treatment, and it is required in 55.1% of 
eyes in one series [3]. Of the 73.1% of eyes that had an initial lack of response to 
medical therapy, 79.3% required surgical intervention [3]. Surgical debridement 
is often necessary given the potential for biofilm formation, which may allow for 
evasion of immune defense mechanisms and an ability to withstand antimicrobial 
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therapy [6, 42]. Surgical intervention varies depending on the location of the 
infection with corneal scraping, unroofing of abscesses [7], and excimer photo-
therapeutic keratectomy described [43]. Flap lift and irrigation are commonly per-
formed in post-LASIK cases [44, 45], with removal of corneal flap noted in 17.3% 
of AM cases [3]. When looking specifically at cases of post-LASIK AM keratitis, 
removal of the flap for resolution of the infections was needed in 80.3% of cases. 
Removal of the flap allowed for improved penetration of the topical antibiotics 
into the cornea and a shortened disease course [36, 46]. Flap removal results in a 
hyperopic shift, but vision has been shown to return to 20/50 with correction after 
healing [7, 37, 47].

Lamellar keratectomy or penetrating keratoplasty may be indicated in recalci-
trant cases (Fig. 7.3). Penetrating keratoplasty was required in 14.1% of cases [3], 
in situations where there was no response to medical therapy or there were recur-
rent, severe exacerbations with attempted weaning of topical antibiotics [13]. 
Surgically, it is imperative to maintain clean margins as recurrence in the graft can 
occur if adequate margins are not obtained [10, 48]. In such cases, AM keratitis can 
recur in the corneal graft, and may ultimately require a regraft [20].

Untreated infections may extend from the deep stroma to the epithelium and 
cause a secondary breakdown of the corneal epithelium or may spread to internal 
ocular structures, highlighting the need for timely diagnosis and treatment [13]. 
Resolution of AM keratitis occurred in 80.9% of cases in one series, with visual 
acuity of 20/40 or better in 54.9% of cases, and visual acuity of 20/200 or worse 
in 19.6% [3]. In 1.3% of cases, there is loss of eye, and patients who undergo 
surgical interventions are more likely to end up with visual impairment [3]. 
Among cases that resolved without severe vision loss, 25.8% had a prolonged 
course that required either multiple medical therapies or more than one surgical 
intervention.

7.5	 �Conclusion

The majority of AM keratitis is caused by Runyon group IV mycobacteria and poses 
diagnostic and therapeutic challenges. A high degree of suspicion is needed to diag-
nose AM keratitis, with close attention in cases of keratitis in the setting of previous 
trauma or surgery or recalcitrance to traditional antibiotics. Specific cultures in 
addition to standard media may be needed, including acid-fast stains, Ziehl–Neelsen, 
auramine-rhodamine fluorescence, and fluorescent conjugated lectins. Special 
media such as Lowenstein–Jensen medium and Middlebrook 7H9 broth are useful, 
as well as PCR. Cultures should be kept for at least 2 weeks to detect slow-growing 
AM, but may need to be kept for up to 8 weeks. While AM keratitis is sensitive to 
topical antibiotics, it often requires combination therapy including amikacin, clar-
ithromycin, and azithromycin. In addition, systemic antibiotics may need to be used 
adjunctively in many cases. Due to the development of biofilms, surgical debride-
ment is sometimes needed for definitive management.
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