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ARTICLE INFO ABSTRACT: (206 WORDS)

Keywords: Purpose: We report the use of a rapid multiplex polymerase chain reaction (PCR) system in the microbiological
Fortified antibiotic diagnosis and the therapeutic management of a severe bacterial keratitis case.
Cornea

Observations: During the management of a severe bacterial keratitis case, standard microbiological diagnostic
methods were performed. At the same time, an additional ocular swab sampling from the cornea was performed
and analyzed using two rapid multiplex PCR assays allowing the simultaneous detection of 29 different virus,
yeast and bacteria genomes. Using combination of two rapid multiplex PCR systems, the microbiological diag-
nosis of a severe Pseudomonas aeruginosa induced keratitis was performed within 90 minutes after an ocular
sampling. A rapid subsequent adaptation of local antibiotic treatment was performed allowing to the young
patient to regain 6 months after her hospital admission a final visual acuity of 20/20 in her right eye.
Conclusions and importance: The present case report suggests that the use of a rapid multiplex PCR strategy may
result in a decrease of the mean hospital stage duration for severe infectious keratitis and in an improvement of
the clinical outcome of severe keratitis infections. Nevertheless, additional prospective studies are needed to
evaluate whether this innovative strategy may replace the current standard approach and optimize the thera-
peutic management of severe corneal infections.

Infectious keratitis
Rapid multiplex system

1. Introduction acuity. The patient had no previous ophthalmological history except for
myopia corrected by orthokeratology. The visual acuity of the right eye
was measured at counting fingers (CF) at 1 m that of the left eye was at
20/20.

Biomicroscopic examination of the right eye revealed a central
corneal ulcer 2.2 mm in diameter associated with stromal edema and
folds of Descemet’s membrane (Fig. 1). A homolateral cellular tyndall

effect was assessed at 14+/4+. There was no hypopyon, radial kerato-

Herein, we report a severe infectious keratitis case in a young
immunocompetent woman where the use of rapid multiplex RT-PCR
systems to detect the causal pathogen in corneal infection allowed
improving the clinical management of a bacterial corneal infection with
severity criteria.!

2. Case report

In June 2019, a 20-year-old immunocompetent female patient pre-
sented to the ophthalmologic department of the University Hospital of
Reims for a pain in the right eye associated with a decrease in visual

neuritis or satellite infiltrates. Biomicroscopic examination of the ante-
rior segment of the left eye was unremarkable.

In view of this clinical presentation, the diagnosis of microbial
keratitis of the right eye was evident and the severity of the infection was
established following the “1,2,3” rule." By consequent, the patient was
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Fig. 1. A: OCT image of the cornea of the right eye at initial management.
Corneal infection resulted in stromal edema, and corneal epithelial defects
together with tissue necrosis.

B: OCT image of the cornea of the right eye at 6 months, showing complete re-
epithelialization and anterior stromal fibrosis.

hospitalized in our department. Corneal scraping by spatula and swab-
bing (eSwab®) of the infected ocular area were performed in order to
carry out referenced diagnostic methods (direct microscopic examina-
tion with Gram stain, bacterial and fungal cultures, viral and amoebic
polymerase chain reaction [PCR]).>

Because of the absence of international consensus concerning the
management of bacterial corneal ulcer with severity criteria and
following French recommendations,” a local fortified antibiotic therapy
with ticarcillin/amikacin/vancomycin was started at a rate of one
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drop/hour day and night upon admission of the patient to our depart-
ment. Voriconazole, PHMB (polyhexamethylene biguanide) and hex-
amidine were started at the same frequency, because of the diversity of
pathogens may be involved in orthokeratology lenses-related corneal
ulcer.

The direct examination by Gram coloration was not informative. In a
delay of 1 h and a half after the cornea sampling, rapid multiplex PCR
assays detected the presence of significant levels of Pseudomonas aeru-
ginosa without any antibiotic gene resistance molecular detection
(Fig. 2). By consequences, the conventional empiric antibiotherapy was
stopped and a combination of ciprofloxacin and amikacin (one drop an
hour) has been conducted for 2 days according to the bacteria found by
PCR. Frequency of eye drop delivery has been progressively decreased,
according to the daily clinical follow-up, and the treatment was tapered
off four weeks after the diagnosis.

After five days, the conventional bacterial culture revealed the
presence of Corynebacterium tuberculostearicum, a skin commensal bac-
terium usually found on the eyelid. The prolonged fungal culture (one-
week incubation time) was also negative as the amoebic PCR assay.
Pseudomonas aeruginosa was not detected following conventional
bacteriological culture assays.

During the clinical follow-up of the patient, the visual acuity of the
right eye improved significantly from 20/40 at the first month to 20/25
at 3 months, and finally stabilized at 20/20 6 months and one year after
the diagnosis.

Results Summary — Interpretation BCID Panel

Antimicrobial Resistance Genes

Yeast

Not Detected KPC (carbapenem-resistance gene)

Not Detected Candida albicans

Not Detected mecA (methicillin-resistance gene)

Not Detected | Candida glabrata

Not Detected | vanA/B (vancomycin-resistance genes)

Not Detected Candida krusei

Gram Positive Bacteria

Not Detected | Candida parapsilosis

Not Detected | Enterococcus Not Detected | Candida tropicalis
Not Detected Listeria monocytogenes

Not Detected | Staphylococcus aureus

Not Detected | Streptococcus agalactiae (Group B)

Not Detected Streptococcus pneumoniae

Not Detected Streptococcus pyogenes (Group A)

Gram Negative Bacteria

Not Detected | Acinetobacter baumannii

Not Detected Enterobacter cloacae complex

Not Detected Escherichia coli

Not Detected Klebsiella oxytoca

Not Detected Klebsiella pneumoniae

Not Detected Proteus

Not Detected Serratia marcescens

Not Detected Haemophilus influenzae

Not Detected Neisseria meningitidis

Detected Pseudomonas aeruginosa

Results Summary — Interpretation M

eningitis/Encephalitis (ME) Panel

Bacteria

Viruses

Not Detected | Escherichia coli K1

Not Detected | Cytomegalovirus

Not Detected | Haemophilus influenzae

Not Detected Enterovirus

Not Detected Listeria monocytogenes

Not Detected | Herpes simplex virus 1

Not Detected | Neisseria meningitidis

Not Detected | Herpes simplex virus 2

Not Detected | Streptococcus agalactiae

Not Detected | Herpes simplex virus 6

Not Detected

Streptococcus pneumoniae

Not Detected | Human parechovirus

Yeast

Not Detected | Varicella zoster virus

Not Detected I Cryptococcus neoformans/gattii

Fig. 2. Pathogens and antimicrobial resistance markers tested by our FilmArray® strategy combining the two commercially available Meningitis-Encephalitis (ME)

and Blood Culture Identification (BCID) panels.
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3. Discussion

Microbial keratitis is a severe and often blindness-inducing disease
that represents today the first reason for extended hospitalization (more
than 5 days) in ophthalmology.” The diagnosis relies on clinical exam-
ination and leads to immediate hospitalization in the presence of
severity criteria.” Among bacterial etiologies, 3 groups of microbial
agents predominate, including Staphylococci, Streptococci, and
Pseudomonas.®

The prognosis depends on both the extent and topography of the
initial lesion and on a rapid treatment. As a result, the more the treat-
ment is started quickly and efficiently, the better are the outcomes.”
Therefore, the time delay of microbiological investigations resulting in
the identification of etiological pathogens (bacterial, viral, fungal or
parasitic) remains a determinant factor driving a targeted anti micro-
biological treatment and impacting the visual prognosis as well as the
mean duration time of hospitalization.®

Today the gold-standard for microbiological diagnosis according to
the recommendations of scientific societies is based on direct Gram ex-
amination, standard bacterial cultures associated with the detection of
HSV1; HSV 2 and VZV,” enteroviruses and adenoviruses by PCR assays
performed on DNA/RNA extracts of corneal samples (corneal scrapings)
taken at the time of the first visit. Classical bacterial positive results are
followed by standard phenotypic tests allowing to identity sensitivity or
resistance to antibiotics. The global microbiological diagnosis process
requires several days before etiological confirmation and therefore de-
lays the initiation of a targeted anti-microbial therapy. According to Yeh
DL and al. of 307 cases of microbial keratitis collected, culture is positive
in only 68% of cases.’ Several factors could explain the low sensitivity of
microbial cultures in the etiological diagnosis of infectious keratitis.
First of all, the difficulty of accurately sampling this tissue due to pain
and photophobia. In addition, the infectious area is not only composed
of pathogens but also of immune cells and many cellular degradation
products as well as pathogen’s DNA and RNA, which can’t be detected
by conventional diagnostics methods. We hypothesize that nucleic acid
detection of pathogens would therefore be more sensitive than con-
ventional methods in the microbiological diagnosis of severe infectious
keratitis, a good example of which is the present case.

Recently, rapid multiplex PCR systems were developed for detecting
18 to 27 pathogens (bacterial, viral, parasitic and fungal) in 75 minutes.
These rapid PCR systems have been developed initially for the detection
of the main prevalent infectious agents responsible for severe sepsis
(FilmArray® BICD ki)' and meningoencephalitis ("ME" kit, FilmAr-
ray®).'>'? The FilmArray® system is an automated in vitro diagnostic
(IVD) device for the detection of bacterial, viral, parasitic or fungal DNA
or RNA in clinical samples. The general principle is based on a nested
multiplex PCR (NM-PCR) assay, itself composed of 2 distinct phases.
During the first phase, so-called external primers are used to perform a
multiplex PCR on the sequences of interest present in the clinical sample.
Secondly, a new PCR will amplify in a simplex manner the sequences
previously amplified in the first PCR. The resulting PCR products are
then automatically evaluated by melting curve analysis to specifically
identify pathogen genomes. This platform is also able to determine for
the presence of antibiotic resistance genes such as vanA/B, mecA or KPC
(Fig. 2). To date, 4 panels exist: Respiratory, BCID, gastroinstestinal (GI)
and ME. The benefits of rapid PCR multiplex system in time of thera-
peutic adjustment and diagnostic capacities have been demonstrated by
several authors. Thus, Vincent and al'® estimated that the sensitivity,
specificity, positive predictive value and negative predictive value of the
ME panel were respectively 94.2%, 98.2%, 84.3% and 99.4%, for the
microbiological diagnosis of meningoencephalitis, indicating that Fil-
mArray® ME was an efficient and rapid tool with a higher sensitivity
than conventional diagnostic methods. The increase of this sensitivity
would be useful in ophthalmology due to the localization of the injured
area to be sampled and the ocular pain that makes sampling relatively
difficult. Moreover, it has been demonstrated that the use of FilmArray®
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BCID in patients hospitalized in intensive care for septic shock, allows a
modification of the first line antimicrobial treatment towards a treat-
ment targeting the detected pathogen in 32% of patients' and to reduce
the time of identification of the pathogen by an average of 1.1 day (0.82
days vs. 1.92 days; p < 0.0001) compared to conventional microbio-
logical diagnostic methods.'* In addition, the use of FilmArray® BCID
enabled rapid implementation of additional multidrug-resistant infec-
tion prevention and control practices in 14% of patients in the study.'

Several applications of multiplex PCR in ophthalmology were re-
ported in literature, but they were able to identify only a few bacteria
strains and no gens resistance'®> whereas the infection’s prognosis is
directly correlated to the pathogen involved. Our PCR procedure may
not replace the culture methods, and it would be important to perform
both cultures and PCR to increase the sensitivity for the etiological
diagnosis of infectious keratitis.

We are also aware that the multiplex PCR platform we presented
could be expensive, but this novel technique may participate to decrease
time delay hospitalization which constitute an important part of health
care system’ expenditures.

Finally, this first use of FilmArray® in ophthalmology seems to be
hopeful but a larger case series demonstrating diagnostic utility or
analytical studies are needed to assess this possibility. In the future, it
would be interesting to develop a specific panel of pathogens mostly
encountered in severe infectious keratitis also. One may suggest such a
panel would include Fusarium, Aspergillus, Acanthamoeba for the yeast
and parasites, HSV/VZV for the viruses, and Pseudomonas, Staphylo-
coccus, Streptococcus and Moraxella for the bacteria.

4. Conclusion

Despite its diagnostic capabilities, its simplicity of use, the current
emergence of multidrug-resistant bacteria and the current trend
reducing hospital beds, multiplex PCR array platform has unfortunately
never been used in the field of ophthalmology. By adapting the use of
infectious agents panels tested by this rapid multiplex PCR system to the
most prevalent pathogens responsible for severe infectious keratitis, the
daily use of a such diagnostic platform in the management of severe
microbial keratitis might allow a more rapid adaptation of targeted
antibiotic/antiviral treatments, and a decrease in ocular toxicity
induced by inappropriate eye drops.'® The use of a such rapid multiplex
PCR strategy might result in a decrease of the mean hospital stage
duration for severe infectious keratitis and might improve the clinical
outcome of such a severe ocular disease. Nevertheless, additional pro-
spective studies are needed to evaluate whether this innovative tech-
nique may replace the current standard approach and optimize the
management of severe corneal infection.
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