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Purpose:	To	report	a	new	entity	called	“toxic	non‑inflammatory	fungal	keratitis.”	Methods: Eyes manifesting 
infective	keratitis	with	a	history	of	prior	administration	of	topical	steroids	were	included	in	the	study.	The	
details	pertaining	to	the	type	of	injury,	duration	of	injury,	and	primary	treatment	for	corneal	trauma	were	
meticulously	documented.	The	corneal	tissues	were	scraped	from	the	patients	and	were	analyzed	for	fungal	
filaments	by	using	a	10%	KOH	mount	under	a	compound	microscope.	Moreover,	these	scraped	materials	
were	plated	on	blood	agar	and	Sabouraud	dextrose	agar	plates.	Results:	The	corneal	ulcers	displayed	a	
disproportionately	 reduced	 intensity	 of	 pain	 and	 improved	 visual	 acuity.	 Further,	 10%	 KOH	 revealed	
profuse	 fungal	filaments	with	 few	 inflammatory	cells	 in	all	 the	patients.	The	anterior	chamber	cells	and	
flare	were	either	reduced	or	entirely	absent.	There	was	no	evidence	of	lid	edema	and	surrounding	corneal	
edema	in	any	of	the	patients.	The	mean	healing	period	was	28.8	days	(standard	deviation	(SD):	10.05).	The	
KOH	mount	revealed	the	presence	of	confluent	fungal	hyphae	with	a	few	inflammatory	cell	infiltrates.	The	
Aspergillus	species	and	Fusarium	species	were	found	in	47%	and	40%	of	the	cases,	respectively.	Conclusion: 
Toxic	non‑inflammatory	fungal	keratitis	following	steroid	therapy	needs	to	be	considered	in	fungal	ulcers	
with	disproportionately	less	pain	and	good	visual	acuity.	The	fungal	ulcers	with	altered	clinical	signs	of	
classical	inflammation	need	to	be	assessed	for	topical	steroid	misuse.
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With	a	growing	number	of	reports	from	the	Indian	subcontinent,	
it	has	been	established	beyond	doubt	that	fungal	keratitis	is	
the	most	common	form	of	infective	keratitis	in	routine	clinical	
practice.[1]	 Corneal	 ulcers	 usually	 occur	 following	 trivial	
trauma.[2]	Agriculture	is	the	most	common	occupation	in	rural	
India.[3]	 Trauma	 caused	by	vegetative	matter	 is	 commonly	
encountered	 among	 these	 populations.[3] The preliminary 
treatment	of	the	corneal	epithelial	defect	following	a	trauma	
plays	an	important	role	in	the	healing	pattern.[4] The immunity 
of	the	ocular	surface	is	critical	for	the	growth	of	the	epithelium	
and	 for	 the	destruction	of	microorganisms.	 Immunoglobins	
present	in	the	tear	film	accentuate	the	killing	of	bacteria	and	
fungi.[5]	However,	fungal	spores,	which	are	resistant	to	innate	
immunity,	 are	present	 over	 the	ocular	 surface	 following	a	
trauma	or	due	to	poor	ocular	hygiene.[6] During the healing 
process,	 if	 gross	 immunosuppression	 is	present,	 it	 leads	 to	
the	abnormal	growth	of	spores.[7]	Topical	steroids	are	easily	
available	 and	are	 accessible	over	 the	 counter	 in	 the	 Indian	
subcontinent,	which	has	 resulted	 in	 their	misuse.[8] In this 
report,	we	document	a	case	series	of	steroid‑treated	epithelial	
defects	that	resulted	in	a	toxic	non‑inflammatory	fungal	corneal	
ulcer.

Methods
This	 retrospective	observational	 study	was	performed	 from	
January	2020	to	December	2020.	It	was	approved	by	the	ethics	

committee	of	Ruby	Eye	Hospital,	bearing	research	approval	
number	REH	04/20.	All	patients	had	given	informed	written	
consent	 in	 congruence	with	 tenets	 of	 the	Declaration	 of	
Helsinki.

Fifteen	non‑consecutive	cases	of	10%	KOH	proven	fungal	
keratitis	were	retrospectively	collated	and	analyzed.	Detailed	
patient	history	was	obtained	and	meticulously	documented.	
All	patients	with	a	prior	history	of	usage	of	topical	steroid	eye	
drops	were	included	in	the	study.	These	patients	developed	
fungal	corneal	ulcers	following	an	over	usage	of	steroids	for	
simple	epithelial	defects.

Description	of	the	condition	[Figs.	1a,	1c,	2a,	and	2c]:	Toxic	
non‑inflammatory	 fungal	keratitis	 (TNFK)	 is	 the	 term	used	
for	describing	 fungal	 infections	of	 the	 cornea	 that	develop	
following	the	use	of	topical	corticosteroids.	The	visual	acuity	
in these patients is disproportionately higher than the severity 
of	 corneal	ulcers.	The	disproportion	between	 the	 extent	of	
ulcer	and	symptomatic	complaints	is	commonly	observed	in	
this	entity.	Absence	or	relatively	reduced	pain	is	an	important	
clinical	sign	of	TNFK.	In	addition,	there	is	a	reduced	intensity	
of	 anterior	 chamber	 cells	 and	flare,	which	does	 not	 agree	
with	 the	depth	 and	 intensity	of	 the	 infiltrate.	The	 anterior	
chamber	can	be	clearly	visualized	through	the	non‑infective	
transparent	 cornea.	A	 corneal	ulcer	with	 relatively	 less	 lid	
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edema,	conjunctival	congestion,	chemosis,	corneal	edema,	and	
pain	 is	 strongly	presumed	 to	be	having	TNFK.	The	corneal	
scraping	examination	under	10%	KOH	mount	displays	profuse	
fungal	 filaments	with	 extremely	 few	 inflammatory	 cells.	
Upon	carefully	gathering	 the	past	medical	history,	patients	
revealed	the	use	of	topical	dexamethasone,	prednisolone,	or	
difluprednate	eye	drops.

KOH	mount	[Figs.	1b,	1d,	2b,	and	2d]:	All	corneal	tissues	
were	scraped	using	a	26‑G	needle	under	 topical	anesthesia,	
and	the	material	was	placed	on	a	slide.	A	drop	of	10%	KOH	
was	added	with	 the	help	of	 a	pipette,	 and	a	 coverslip	was	
placed	 over	 it.	 The	 fungal	 hyphae	were	 visualized	under	
10	×	magnification,	which	were	further	confirmed	under	the	
40	×	magnification.	All	patients	had	confluent	fungal	hyphae,	
with	less	number	of	inflammatory	cell	infiltrates.

Treatment  protocol
All the patients were started on an hourly administration of 
natamycin	5%	eye	drops	 for	 a	period	of	 72	h.	 For	patients	
showing	a	 favorable	 response,	 this	 regimen	was	 continued	
at	a	frequency	of	6	times	per	day	until	a	complete	resolution	
of	the	infective	infiltrate	was	achieved.	In	case	of	ulcers	with	
status	quo	after	72	h,	itraconazole	eye	drops	four	times	a	day	
were	 added.	 In	patients	 on	dexamethasone	 eye	drops,	 the	
treatment	was	abruptly	discontinued,	and	they	were	started	
on	fluorometholone	eye	drops	daily	two	times	for	2	weeks	to	
prevent	a	 sudden	 increase	 in	paradoxical	 inflammation.	An	
administration	of	systemic	doxycycline	100	mg	twice	daily	for	
14	days	was	added	to	the	therapy,	followed	by	once	daily	for	a	
further	period	of	28	days.	Following	the	healing	of	the	ulcers,	
the	 administration	of	 anti‑fungal	 eye	drops	was	 continued	
along	with	 lubricating	eye	drops	for	a	period	of	4	weeks	 to	
prevent	any	form	of	recurrence.

Results
The	mean	age	of	the	patients	was	51.46	years,	with	a	standard	
deviation	of	10.8	years	(maximum:	72	years;	minimum:	37	years)	
[Table	1].	Twelve	patients	(80%)	were	farmers	by	occupation,	
and three patients were dairy farmers. The mean time period 
from	the	onset	of	trauma	to	consultation	was	8.5	days,	with	
a standard deviation of 15 days. Five patients revealed the 
usage	of	some	form	of	native	medications	prepared	at	home	
(details	not	known)	prior	 to	 the	 topical	 steroid	application.	
Twelve	patients	(80%)	developed	ulcers	away	from	the	3‑mm	
zone,	 and	 three	patients	 (20%)	developed	ulcers	within	 the	
3‑mm	zone.	A	patient	developed	a	central	ulcer	that	exhibited	
no	signs	of	healing	even	after	96	h.	Thus,	the	patient	underwent	
temporary	central	tarsorrhaphy	to	facilitate	the	healing	of	the	
epithelial	defect.	The	tarsorrhaphy	was	released	after	3	weeks.	
The	mean	period	of	healing	was	 28.8	days	 (SD:	 10.8	days;	
maximum:	55	days;	minimum:	16	days),	and	a	scar	eventually	
developed [Fig.	3].	One	patient	who	developed	a	significant	
central	 scar	with	a	best‑corrected	visual	 acuity	of	 less	 than	
6/60	underwent	optical	penetrating	keratoplasty.	Two	patients	
were	prescribed	rigid	gas	permeable	contact	lens	to	improve	
the	visual	acuity.	Eleven	patients	who	developed	paracentral	
scars	were	prescribed	glasses	for	improvement	in	visual	acuity	
and	no	further	surgical	intervention	was	included.	The	culture	
report	of	these	patients	revealed	that	47%	of	cases	developed	
Aspergillus spp.,	 40%	of	ulcers	developed	Fusarium spp.,	 and	
14%	of	cases	developed	Curvularia spp.Figure 3: Showing healed corneal ulcer with a visual acuity of 6/12

Figure  1: (a and c)  Showing paracentral ulcers with clear central 
cornea. (b and d) Showing confluent fungal hyphae in KOH mount
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Figure 2: (a and c) Showing fungal ulcers involving central 3 mm of 
the cornea. (b and d) Showing fungal filaments in KOH mount under 
40× magnification
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Discussion
Epithelial	defects	following	a	vegetative	 injury	and	cow‑tail	
injury	are	commonly	observed	among	farmers.[9] The primary 
treatment	of	 these	 epithelial	defects	plays	 a	 crucial	 role	 in	
non‑eventful	healing.[10]	However,	the	use	of	native	medicines	
and	over‑the‑counter	steroids	worsens	the	clinical	condition	
and	has	alarming	consequences.[11]	A	de‑epithelialized	corneal	
surface	favors	the	penetration	of	microorganisms	owing	to	the	
hydrophilic	nature	of	the	stroma.[12]	However,	the	conjunctival	
commensals	 and	 tear	film	antibodies	 assist	 in	 eliminating	
the	 pathogenic	 organisms.[13]	 Thus,	 any	 form	 of	 topical	
immunosuppression	results	in	the	proliferation	of	pathogenic	
organisms	and	the	inefficiency	of	the	beneficial	commensals	
present	on	the	conjunctival	surface	in	suppressing	them.	Apart	
from	this,	any	form	of	topical	steroids	delays	the	healing	of	
the	corneal	epithelium.[14]	A	delay	in	corneal	epithelial	growth	
leads	 to	 the	growth	of	 fungal	 spores	 over	 the	wet	 corneal	
surface.[6]	These	spores	are	the	resultant	pinched	products	of	
fungal	hyphae	that	are	present	in	the	soil,	which	gain	access	to	
the	ocular	surface	following	trauma.	The	hydrophilic	stroma	
enables	the	spores	to	absorb	water	and	aids	in	activating	the	
cytoplasm,	eventually	causing	nuclear	fission	and	the	synthesis	
of	new	cytoplasm.[15]	Lastly,	the	formation	of	fungal	hyphae	
happens,	which	proliferate	over	 the	 stroma	and	 inhibit	 the	
healing	of	the	corneal	epithelium.

Fungal	keratitis	is	the	most	common	type	of	corneal	ulcer	
in	the	Indian	subcontinent.[16,17]	Filamentous	fungi,	particularly	
Aspergillus	and	Fusarium,	are	commonly	isolated	from	these	
specimens.[18]	In	the	present	case	series,	Aspergillus spp. were 
found	 in	 46%	of	 the	 cases,	 Fusarium	 in	 40%	of	 the	 cases,	
and	Curvularia in	14%	of	the	cases.	The	treatment	of	fungal	
keratitis	with	an	administration	of	steroids	needs	to	be	done	
cautiously	as	sudden	discontinuation	of	the	drug	may	worsen	
the	condition.[19]	Thus,	steroids	should	be	continued	at	a	lower	
frequency	and	 subsequently	 tapered	 in	 addition	 to	 topical	
anti‑fungal	therapy.[20]	Concurrent	steroid	therapy	reduces	the	
sudden	 resurgence	of	 inflammation.	Dead	 fungal	filaments	
present	following	the	anti‑fungal	therapy	may	trigger	a	strong	
inflammatory	 cell	 response,	 thereby	 causing	 stromal	 lysis,	
aggravating	the	risk	of	deep	corneal	penetration,	and	eventually	
resulting	in	corneal	perforation.[21]	Thus,	the	containment	of	the	
inflammatory	cell	response	is	critical	in	preventing	fulminant	
stromal	damage	by	inflammatory	cells.

Conclusion
We	propose	 the	 term	 “toxic	 non‑inflammatory	 infective	
keratitis”	 for	 corneal	 ulcers	 sans	 inflammation.	 Therefore,	
any	corneal	ulcer	with	relatively	good	vision	and	an	absence	
of	corneal	edema	needs	to	be	evaluated	for	over‑the‑counter	
topical	steroid	usage.	Furthermore,	steroids	should	be	slowly	
tapered	 in	 these	patients	 instead	of	 abruptly	discontinuing	
their usage.
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