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ABSTRACT
Purpose of review: To summarize the current understanding
of effects of cross-linking (CXL) in infective keratitis based on
available evidence.
Method of literature search: A PubMed search was conducted
with combinations not limited to the following search terms:
corneal collagen CXL, riboflavin, ultraviolet A, keratoconus,
microbial keratitis, fungal keratitis, bacterial keratitis, Acantha
moeba keratitis. A review of the search results was performed
and relevant articles to the topic were included.
Summary: Most of the published literature showed promising
results in treatment of infectious keratitis by corneal collagen
CXL using photoactivated riboflavin as an adjuvant therapy
but with questionable efficacy in deep keratitis due to slowgrowing organisms.
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INTRODUCTION
Ever since the introduction of corneal collagen crosslinking (CXL) by Wollensak et al1 in 2003, it has remained
the mainstay of treatment for arresting progression of
keratoconus. Various modifications of the technique
were done thereafter to increase the safety profile of
the procedure. Over the years, it was proved beyond
doubt that riboflavin along with ultraviolet-A (UVA)
light increases the corneal rigidity and thereby arrests
progressive thinning in ectatic corneal disorders. Studies
show that the effects of riboflavin and UVA were utilized
much earlier for inactivation of various microorganisms
in blood products.2 Once the safety levels and efficacy
of CXL in cornea were delineated, 3 scientists began
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to explore the antimicrobial properties of CXL in the
management of microbial keratitis. In this article, we
attempt to summarize the available evidence regarding
the effects of CXL in infective keratitis.

COLLAGEN CXL WITH RIBOFLAVIN AND
ULTRAVIOLET LIGHT
The use of photoactivated riboflavin to cross-link the
corneal collagen fibrils was first investigated by Spoerl
et al.4 Subsequently, Wollensak et al5 demonstrated the
effects of CXL on the biomechanical properties of human
and porcine cornea.
Riboflavin (vitamin B2) is photosensitizer with an
absorption peak for UVA at a wavelength of 370 nm.
The molecule fluoresces and excites to a triplet state
when exposed to UV radiation of this wavelength, with
subsequent release of singlet oxygen and superoxide
radicals. In a cornea saturated with riboflavin, there will
be a formation of new covalent bonds between collagen
molecules by oxidative desamination.6-8
The conventional Dresden CXL protocol was designed
for the management of keratoconus. After epithelial
debridement, cornea is soaked with 0.1% riboflavin drops
every 2 minutes for the first 30 minutes. Over the next
30 minutes, the cornea is exposed to UVA radiation of
370 nm with a fluence of 3 mW/cm2 along with continued
instillation of riboflavin drops.1,7
Cross-linking has shown to increase the rigidity of
cornea by 328.9%, the collagen fibril diameter by 12.2%,
shrinking temperature, and increased resistance to
swelling and enzymatic digestion.9

INFECTIVE KERATITIS
Infective keratitis is considered as one of the sightthreatening conditions of the cornea. Significant visual
loss may occur in about 50% of the patients if there is
delay in diagnosis or treatment.10,11 It is evident that
multidrug resistance can complicate the treatment of
microbial keratitis.12,13 Nonresolving keratitis usually
culminates in therapeutic keratoplasty, which may be
complicated later by recurrent infection of the graft and
graft failure. The increasing frequency of drug resistance,
risks of corneal melting, and corneal scars encouraged
the clinicians to search for newer ways of treatment of
resistant corneal infections.
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COLLAGEN CXL AND INFECTIONS
In the 1960s, Tsugita et al14 reported for the first time
the efficacy of riboflavin with subsequent application of
UVA light in inactivation of RNA tobacco mosaic virus
affecting tobacco plants. Since 2000, it has been used in
photoinactivation of pathogens in blood products.2,15
Idea of utilization of CXL in corneal infection came
from previous applications of riboflavin and UVA light as
an antimicrobial agent. Schnitzler et al16 had used CXL in
treatment of melting corneal ulcers and later Iseli et al17
in five eyes with recalcitrant keratitis. In December 2013,
at the ninth annual International Cross-Linking Congress
held in Dublin, Ireland, the term *PACK-CXL* (Photo
activated Chromophore for Keratitis) was introduced
for CXL for infectious keratitis to facilitate future communication on this topic.18
Panda et al19 summarized the mechanisms of action
of CXL in the healing of corneal ulcer: (1) inactivation
of pathogens by direct damage to bacterial deoxyribonucleic acid; (2) increased resistance to enzymatic
degradation causing regression in ulcer morphology;
(3) increased stromal tensile strength and rigidity of
corneal collagen, which may prevent melting; (4) wound
healing by causing induction of apoptosis, followed by
repopulation restoring the normal cytoarchitecture of
the cornea; (5) reduced susceptibility of the tissue to the
organism due to ultrastructural change; (6) corneal epithelial surface reformation due to the ability of riboflavin
in the development and maintenance of the epithelial
cells; (7) chemical alteration of functional groups of
nucleic acids in the bacteria, making replication impossible; (8) reduction in inflammatory and immune cells;
(9) reduced nociceptive response of corneal nerves that
decrease pain; and (10) reduced tendency to generate
vascularization.

CLINICAL OUTCOMES
PubMed search has revealed several publications on this
topic, majority of which are case reports and case series.
The therapeutic effect of CXL in infectious keratitis was
published by Iseli et al in 2008.17 In this case series, five
patients, out of which four had post-LASIK interface
infection, underwent CXL. All these patients were on
concurrent medical treatment against the causative
organism (nontuberculous mycobacteria – three, fungus –
two). One patient with fungal keratitis had to undergo
keratoplasty but the rest responded well to the treatment.
Another case report of post-LASIK atypical mycobacterium infection by Kymionis et al20 suggested that
photoactivated riboflavin treatment along with flap
amputation and limited phototherapeutic keratectomy
could obviate the need for a keratoplasty.
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In 2009, Ehlers et al21 published a series of 14 cases of
nonhealing ulcers with heterogeneous etiology treated
with CXL. Six cases healed after treatment: Two cases
each were of marginal keratitis, Acanthamoeba keratitis,
and unknown etiology. But the characteristics of ulcers,
details of medical therapy, and outcomes are not clearly
described. Morén et al 22 published a case report of
effective CXL in presumed infective keratitis. This
patient had also received antibiotics, antifungals, and
anti-Acanthamoeba medications at the same time.
Khan et al23 successfully treated three cases, out of
which two were Acanthamoeba keratitis. All of them had
two treatment sessions with photoactivated riboflavin
and continued antibiotics, povidone iodine, and antiAcanthamoeba drugs. One case of complete resolution
of Acanthamoeba keratitis with CXL treatment without
concurrent targeted topical medication was reported in
2011.24 This patient had anterior stromal keratitis, which
responded well to photoactivated riboflavin therapy only.
Price et al25 published the largest prospective interventional case series in 2012, in which 40 patients with infectious keratitis underwent CXL. This was a heterogeneous
group of patients with regard to etiology, severity of infection, and CXL treatment protocol. Out of these, six patients
received therapeutic penetrating keratoplasty and two
received intracorneal voriconazole. Majority of the bacterial keratitis responded well to treatment. Among the
six fungal keratitis patients, only two responded to CXL
treatment without additional intervention, and both were
having an ulcer size less than 2.5 mm. This study also
concluded that riboflavin/UVA should be avoided in eyes
with prior herpes simplex infection. Ferrari et al26 also
reported a case of severe corneal thinning and melting in
a patient who had CXL for treating herpetic keratitis. In
a case series published in 2013,27 eight patients of fungal
keratitis were successfully treated with photoactivated
riboflavin therapy. All of these patients were also on
topical medications. Maximum ulcer size was 6 mm and
none of the ulcers was extensive or advanced.
Said et al28 published the first prospective clinical trial
of analyzing the effect of PACK-CXL with medication in
21 eyes against control group of 19 eyes on medication
only in advanced corneal ulcers. The main outcome
measures were the slit-lamp characteristics, corrected
distance visual acuity, duration until healing, and
complications. The results showed that there was no
significant difference in the final visual outcome and the
time of healing between the groups but the control group
had a complication rate of 21%. They concluded that the
PACK-CXL can be valuable adjuvant therapy in cases of
infectious keratitis with melting, which may decrease or
avoid severe complications such as corneal perforation,
infection recurrence, or both.
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Shetty et al29 used PACK-CXL as an adjuvant treatment
in 15 eyes of nonresolving microbial keratitis (9 bacterial,
6 fungal), after 2 weeks of medical therapy. Six cases of
bacterial keratitis and three of fungal keratitis resolved
following CXL treatment. They concluded that CXL is an
effective procedure in the management of nonresolving
superficial keratitis.
A retrospective study was published in 2015 by
Vajpayee et al, 30 who analyzed 41 cases of moderate
mycotic keratitis; of which 20 cases underwent CXL on
the day of presentation. The baseline characteristics of
both groups were comparable and all the patients were
on antifungal therapy. The study results show that there
was no additional advantage of treatment with CXL in
cases with moderate fungal keratitis with respect to
average healing time, final best corrected visual acuity,
and need for keratoplasty.
In a recently published randomized clinical trial,
Uddaraju et al31 compared the outcomes of PACK-CXL
along with medical therapy in six eyes with a control
group of seven eyes on medication only, both groups
consisting of culture-positive deep stromal fungal
keratitis not responding to antifungal therapy for
2 weeks. The study outcomes suggested that there is a
lack of significant difference in treatment failure between
the CXL adjuvant therapy group and control group in
the management of nonresolving deep stromal fungal
keratitis and also the chances of perforation increased in
the CXL group. Although the study was underpowered
by a small sample size, they did not recommend adjuvant
CXL as a promising treatment for advanced deep fungal
keratitis.

CONCLUSION
As per the available published data, PACK-CXL therapy is
most effective for superficial corneal infections, primarily
bacterial and moderate fungal keratitis. In such cases,
the purpose of an additional interventional procedure is
questionable since the infection might as well respond
to an extended period of medical management only. But
the studies have also shown that many cases of refractory
keratitis with unknown etiology, which are the biggest
challenges in clinical practice, had responded well to
CXL treatment.
Apart from eradicating the organisms, CXL was found
to be beneficial in strengthening the cornea, thereby
preventing corneal melting. Almost all the patients
had a significant symptomatic improvement of ocular
discomfort immediately after CXL treatment. This is
speculated due to damage of subbasal nerve plexus in
the cornea by the riboflavin–UVA combination leading
to “chemical denervation.”

New CXL protocols should be devised for the
management of microbial keratitis instead of the
conventional Dresden protocol for keratoconus, taking
into consideration the depth of involvement and nature
of the microbe. Although a large-scale, prospective
randomized controlled clinical trial will answer all the
existing gray areas, the ethical concern of deferring
conventional medical therapy will prevent such a trial.
PhotoActivated Chromophore for Keratitis with CXL can
be considered only as an adjuvant therapy in selected
cases of infective keratitis.
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