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A B S T R A C T

Purpose: To report a case of contact lens-related infectious keratitis caused by the Gram-negative plant pathogen
Rhizobium radiobacter.
Observations: A 26-year old lady with history of contact lens use presented with three weeks history of right eye
redness and pain, with the left eye also being involved in the past week. Slit lamp examination of the right eye
demonstrated multiple faint subepithelial and stromal infiltrates with no overlying epithelial defect, and no
anterior chamber activity. Anterior segment optical coherence tomography demonstrated multiple hyper-re-
flective foci scattered at various depths of the corneal stroma. Corneal scrapings grew Rhizobium radiobacter, and
culture-directed antibiotic therapy with topical gentamicin and levofloxacin resulted in slow clinical improve-
ment of the R. radiobacter keratitis without visual sequelae.
Conclusions and importance: We have described the clinical features, microbial susceptibilities, and response to
treatment in a case of R. radiobacter infectious keratitis.
R. radiobacter has recently emerged as a source for several ocular and systemic infections and was identified

in a series of polymicrobial keratitis cases. Our case report of monomicrobial R. radiobacter keratitis adds to the
sparse literature on this uncommon but potentially sight-threatening infection.

1. Introduction

Bacterial keratitis is one of the most commonly encountered sight-
threatening conditions in ophthalmology. In developed regions, contact
lens-related bacterial keratitis accounts for most of these infections.
Estimates of the incidence of contact lens-related bacterial keratitis
range from as low as one in 5000 per year of wear for rigid contact
lenses to as high as one in 500 per year for extended wear soft contact
lenses.1–3 For the past several decades a small number of bacterial pa-
thogens have been recognized as the etiologic agents for most contact
lens-related keratitis cases, including Pseudomonas aeruginosa, Staphy-
lococcus aureus and commensal species of Staphylococcus and Strepto-
coccus.4,5 Less commonly, corneal infections are caused by atypical
organisms including environmental bacteria and fungi that may evade
microbiological diagnosis. Mixed microbial infections may also occur
with atypical organisms that have been associated with a poor visual
prognosis due to the difficulty in addressing various antibiotic sus-
ceptibilities.6

Here we report a case of atypical bacterial keratitis caused by the

Gram-negative plant pathogen Rhizobium radiobacter, which has pre-
viously been found to cause several human infections and has recently
been identified as a cause of bacterial keratitis.

2. Case report

A 26-year-old Chinese female with a history of monthly disposable
soft contact lens wear and poor lens hygiene (used whilst bathing and
occasional swimming) presented to our hospital with a one-week his-
tory of left eye redness, pain and photophobia. This was preceded by
right eye redness and pain for three weeks that was symptomatically
improving without treatment.
On presentation her best-corrected visual acuity was 20/30 in the

right eye 20/40 in the left. Slit lamp examination of the right eye dis-
closed multiple faint subepithelial and stromal infiltrates without sig-
nificant corneal edema or anterior chamber reaction, few punctate
epithelial erosions and a pseudo-dendritic staining lesion. (Fig. 1A and
B). The left eye had a central stromal infiltrate associated with a
3.5 × 2.5 mm epithelial defect and anterior chamber cells 1 + with
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mild conjunctival injection. No radial perineuritis was noted. Bilateral
peripheral corneal vascularization consistent with contact lens over-
wear was seen. Posterior segment examination of both eyes was un-
remarkable.
Anterior segment optical coherence tomography of the right eye

demonstrated multiple hyper-reflective foci corresponding to the
stromal infiltrates, which occurred from the subepithelial region down
the deep stromal and predescemetic layers (Fig. 1C). Corneal scrapings
of both eyes were taken for microscopy and cultures and the patient was
commenced on empirical antibiotic therapy with hourly cefazolin 50
mg/mL and gentamicin 14 mg/mL (compounded by Singapore General
Hospital pharmacy services). In view of the significant complaints of
severe ocular pain, with the atypical appearance of the infiltrates and
concomitant history of contact lens wear, this prompted suspicion of
possible Acanthamoeba infection which is common in the local setting.
Accordingly, hourly topical chlorhexidine 0.02% (compounded by
Singapore General Hospital pharmacy services) was added to the initial
treatment regime in the first 24 hours before culture results were ob-
tained.
Corneal scrape cultures from the right eye grew Rhizobium radio-

bacter on brain heart infusion broth with sensitivity to cefepime (MIC 4
μg/mL), ciprofloxacin (MIC 0.25 μg/mL) and gentamicin (MIC 4 μg/

mL). No microbial growth was observed on blood, chocolate or
Sabaraud agar, non-nutrient agar with E. coli overlay, or thioglycolate
broth, and fungal microscopy was negative. Cultures from the contact
lens of the right eye returned mixed bacterial growth with Bacillus spp.,
Elizabethkingia spp., Serratia marcescens, Pseudomonas aeruginosa, and
Stenotrophomonas maltophilia. No growth was seen on cultures for the
left eye scraping, while the left contact lens returned Bacillus spp.,
Serratia marcescens, Stenotrophomonas maltophilia, Elizabethkingia spp.,
and Pseudomonas aeruginosa. Bacterial identification was performed
using MALDI-TOF mass spectrometry fingerprinting (MALDI Biotyper,
Bruker, MA, USA).
In view of these data the treatment was changed on day four of

treatment to hourly levofloxacin 1.5% (Santen Pharmaceuticals, Osaka,
Japan), hourly cefazolin, and two-hourly chlorhexidine to both eyes
during waking hours and ciprofloxacin 0.3% ointment (Alcon
Laboratories, Texas, USA) overnight. With this therapy moderate
symptomatic and clinical improvement was noted within a week, with
shrinkage of the right eye stromal infiltrates and reduction in the size of
the epithelial defect. The left eye ulcer had become consolidated with
early scar formation. Antibiotics were tapered to three-hourly by two
weeks and the patient converted to levofloxacin 1.5% monotherapy for
both eyes at four weeks. Chlorhexidine drops were maintained until

Fig. 1. A. Clinical photograph showing Rhizobium radiobacter keratitis at presentation, with multiple foci of feathery subepithelial and stromal infiltrates. B.
Fluorescein staining with cobalt blue illumination of the infection at presentation showing punctate epithelial erosions but no epithelial defect. C. Anterior segment
optical coherence tomography (AS-OCT) demonstrating the presence of multiple mildly hyperreflective foci throughout the anterior, middle, and deep stroma
(arrows). D and E. Clinical photographs showing stromal scar formation following two weeks of antibiotic therapy.
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four weeks in view of the high initial clinical suspicion of
Acanthamoeba. At this time the right eye was quiet with small stromal
opacities (Fig. 1 D and E) while the left eye had a central anterior to mid
stromal scar. The best corrected visual acuity at this most recent follow-
up was 20/20 on the right and 20/25 on the left.

3. Discussion

Here we present the atypical clinical features of a contact lens-re-
lated keratitis secondary to monomicrobial Rhizobium infection, which
may mimic that of Acanthamoeba infection or may even be mistaken for
viral infections such as HSV keratitis. Our case report is distinct from a
previous publication of a single case of pre-existing fungal keratitis with
secondary R. radiobacter infection, only isolated after four weeks of pre-
treatment, which made it difficult to characterize its clinical presenta-
tion and signs.
Human infection by the plant pathogen R. radiobacter (previously

Agrobacterium radiobacter) has been appreciated since the late 1980s,
with clinical syndromes including bacteremia, urinary tract infections,
cerebral abscesses, pericarditis and endocarditis, and peritonitis.7–14 R.
radiobacter is an aerobic, motile, oxidase-positive and non-spore-
forming Gram-negative bacillus that is unique among rhizobia in that it
causes disease in humans. A noticeable trend in these infections is the
tendency of R. radiobacter to adhere to implanted devices.15 As a plant
pathogen, Rhizobium colonizes plant roots using well characterized
biofilm adherence mechanisms16 which may also be employed during
human infections.15 A series of case reports have also implicated R.
radiobacter in ocular infections, including endophthalmitis17–20 and
conjunctivitis.21 More recently, Barker and colleagues published the
first report of infectious keratitis involving R. radiobacter.22 In their
series three out of four cases were contact lens wearers, with contact
lens cultures returning a similar complement of environmental bacterial
flora to those reported here, including Serratia, Stenotrophomonas, and
Pseudomonas species, among others. Similar to that case series, our
patient's clinical picture was that of an atypical infectious keratitis,
although in their series R. radiobacter was isolated with several other
bacteria from the corneal scrapes, or following pre-treatment for a
fungal keratitis for several weeks prior to isolation of R. radiobacter.
Taking our new case and those reported by Barker et al.22 together,

several consistencies are apparent. Rhizobium radiobacter keratitis in-
fections appear to be mainly contact lens-related with poor contact lens
hygiene as a prominent risk factor. Additionally, the contact lens con-
tamination exists as a mixed bacterial population comprising environ-
mental bacteria. Clinically, the appearance of the corneal infiltrates is
highly variable, but does not resemble typical Gram-negative keratitis.
Infiltrates have a variable appearance, although only a single case from
Baker and colleagues’ series and the case presented here were demon-
strated to have R. radiobacter as the sole etiological agent. The intensity
of inflammation ranged from dense stromal infiltrates with hypopyon to
subepithelial infiltrates without epithelial defects and more limited
anterior chamber reaction. It is also important to note that in our pa-
tient the eye infected with R. radiobacter was only minimally sympto-
matic at presentation and appeared to have improved without anti-
biotic therapy prior to presentation. This contrasts with the large deep
stromal infiltrate and hypopyon noted in the monomicrobial infection
described by Barker and colleagues, although in their case the infection
was complicated by the previous involvement of fungus which was
treated for several weeks prior to re-scraping and identification of R.
radiobacter. It is also interesting to note that despite the plethora of
bacterial species isolated from the contact lenses of our patient, R.
radiobacter was only isolated from a corneal scraping. This suggests
either a very low initial inoculum was present in the contact lens that
prevented detection in the contact lens, or that R. radiobacter was in-
troduced into the eye from direct trauma, with the contact lens wear
compromising the epithelial barrier and enabling bacterial penetration
into the stroma. Another important finding noted to by Barker et al. is

the absence of an epithelial defect at presentation,22 which is a finding
shared by our case.
Antibiotic sensitivities noted for the current R. radiobacter infection

and that of Barker et al. include fluoroquinolones, cephalosporins, and
gentamicin. In each case the infection improved within a month of
starting appropriate antibiotic therapy, although in our case the re-
sponse to treatment appeared to be far slower than that observed in the
monomicrobial infection reported by Barker and coworkers. As with
other atypical infections in our Asian population of contact lens
wearers, poor response to antibiotic therapy may require therapeutic or
tectonic keratoplasty to fully treat the condition.23–25

This interesting case of an atypical bacterial keratitis caused by R.
radiobacter serves to provide the clinical presentation of keratitis and
raise the awareness amongst clinicians for consideration in patients
with atypical presentations and poor response to treatment. An in-
creased surveillance of this plant pathogen may reveal this as an
emerging cause of multiple local and systemic infections in humans.

Patient consent

Consent to publish the case report was not obtained. This report
does not contain any personal information that could lead to identifi-
cation of the patient.
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