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ABSTRACT

Introduction: Corneal transplantation it is the main treatment for people who have
corneal curvature or transparency disorders. In Brazil, there is no unified protocol on the
means of preservation, storage time and antibiotics used. The concern is that pathogens
are transferred to transplant recipients, causing eye infections after transplantation.
Objective: Examine ocular microbiota of corneal donors, to verify a possible correlation
with infections in recipients and thus assist in improving corneal storage methodologies
and protocols. Method: Literature review conducted in PubMed, SciELO and the following
websites: CAPES Journals, Anvisa, Brazilian Ministry of Health and ABTO, between 2018
and 2020. Results: Studies based on microorganism’s cultivation show coagulase negative
Staphylococcus in 30% to 100% of samples isolated from conjunctiva. In lesser quantities
are Streptococcus, Corynebacterium and Propionibacterium. Gram-negative bacteria
appear in much lower numbers, represented by the genera Haemophilus, Neisseria,
Pseudomonas, Enterobacter, Escherichia, Proteus and Acinetobacter. On the other hand,
results based on independent cultivation techniques bring Pseudomonas as the main
colonizer of the conjunctiva. Also, they have a much greater diversity of colonizers,
showing a potential field of study. The ocular surface may have a much greater diversity of
species and potential pathogens than was expected. The main means of preservation used
in Brazil contain the antimicrobials gentamicin and streptomycin in their composition;
however, several studies have shown that bacteria present in the means of preservation
are resistant to these antibiotics. Conclusions: These data point to the need for a
reassessment of the efficiency of these means of preservation in decontaminating corneas
for transplantation.

KEYWORDS: Microbiota; Corneal Transplantation; Mean of Preservation; Antibiotic
Resistance

RESUMO

Introducdo: O transplante de coérneas é o principal tratamento para pessoas que
apresentam disturbios de curvatura ou transparéncia da coérnea. No Brasil, ndo ha
protocolo unificado para meios de preservacao, tempo de armazenamento e antibidticos
utilizados. A preocupacdo é a de que patdgenos possam ser transferidos aos receptores
de transplantes. Objetivo: Realizar o levantamento da microbiota ocular de doadores de
corneas a fim de verificar uma possivel correlacdo com infeccdes em receptores e, dessa
forma, auxiliar na melhoria de metodologias e protocolos de armazenamento de corneas.
Método: Foi conduzido a partir de revisao da literatura, nas bases de dados PubMed,
SciELO e nos portais: periodicos da CAPES, Anvisa, Ministério da Saide e ABTO, entre 2018 e
2020. Resultados: Estudos baseados em cultivo de microrganismos trazem Staphylococcus
coagulase negativa (CONS) de 30% a 100% das amostras isoladas de conjuntivas. Em menor
quantidade estao Streptococcus, Corynebacterium e Propionibacterium. Bactérias Gram-
negativas aparecem em numero inferior, representadas pelos géneros Haemophilus,
Neisseria, Pseudomonas, Enterobacter, Escherichia, Proteus e Acinetobacter. Ja as técnicas
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independentes de cultivo trazem Pseudomonas como a principal colonizadora da conjuntiva. Também apresentam uma diversidade
maior de colonizadores, mostrando um potencial campo de estudos, no qual a superficie ocular pode ter uma diversidade muito
maior de espécies e potenciais agentes patogénicos. Os principais meios de preservacéo utilizados no Brasil levam os antimicrobianos
gentamicina e estreptomicina em sua composicao, porém estudos tém mostrado que as bactérias presentes nos meios de preservacao
s&o resistentes a esses antibidticos. Conclusdes: Os dados apontam para a necessidade de reavaliacao da eficiéncia desses meios de

preservacdo na descontaminacao das corneas para transplante.

PALAVRAS-CHAVE: Microbiota; Transplante de Cornea; Meio de Preservacao; Resisténcia a Antimicrobianos

INTRODUCTION

The year 2020 presented the healthcare industry with new chal-
lenges that had direct impacts on organ availability and dona-
tion services. On March 11, 2020, the World Health Organization
(WHO) declared the SARS-CoV-2 pandemic. Because of the lack
of directions and strategies from the federal government to sup-
port states and municipalities, in April 2021 Brazil reached the
sad mark of 400,000 deaths, according to data from the Brazil-
ian Ministry of Health'. This tragedy also led to a decrease in
organ donation and transplantation in the country. The number
of cornea transplants in the first half of 2020 decreased by 44.3%
compared to the same period of the previous year?.

The number of donors is insufficient when compared to the num-
ber of patients waiting for transplantation. A survey carried out
in 2019 estimated an annual need for 18,765 cornea transplants
in Brazil, but no more than 14,943 transplants were actually
performed®. The pandemic made these numbers even worse
because of the decrease in the number of donors. According to
a survey by the Brazilian Organ Transplantation Society (ABTO),
there were more than 12,000 active patients on the waiting list
for cornea transplants in the first six months of 2020%. The pos-
sibility of using corneas from donors who had COVID-19 is still
being discussed. Be that as it may, since there is a large num-
ber of infected people, the viability of corneas stocked from
donors who were not infected with COVID-19 becomes even
more important. Lost or non-viable tissues are a major concern
because they become unavailable for transplantation. Microbio-
logical contamination is one of the main reasons for non-viable
corneas in eye banks*. Unlike most drugs used in ophthalmol-
ogy, which are expected to gain efficacy as we learn more about
them, antimicrobials tend to lose efficacy due to the increased
resistance of microorganisms’. Learning more about the ocular
microbiome is therefore of the utmost importance to enable us
to identify the protective relationships of the commensal micro-
biota itself®, understand the pathophysiology of various ophthal-
mic diseases’, and identify pathogens that may be responsible
for post-transplantation infections.

As we understand the complex relationship between the micro-
organisms that make up the ocular microbiota, we can devise
more specific prevention or treatment plans. To prevent infec-
tions, antibiotics are used together with the preservation media
used in storage protocols. They are added to the media to decon-
taminate the corneas, but these solutions have not been shown
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to be 100% efficient. In Brazil, the main antimicrobials used in
preservation media are gentamicin and streptomycing, but stud-
ies have shown that several bacterial species are resistant to
these antibiotics®°.

To date, there is no protocol standardizing either the use of pres-
ervation media, more efficient antimicrobials, temperature or
storage time for corneas. Studies comparing these methods are
necessary. The improvement of the methodology may result in
fewer losses, as well as prevent the transmission of microorgan-
isms from the donor or from the corneal preservation media to
the recipients, a problem that can cause severe endophthalmitis
and even loss of the eyeball.

This review article carried out a survey on the ocular microbiota
of cornea donors to try to establish a potential correlation with
post-transplantation infections as thus support future studies on
methodologies and protocols for cornea storage in Brazil.

METHOD

This work was done based on a review of the literature avail-
able in the following databases: PubMed, Scientific Electronic
Library Online (SciELO), Portal of Journals of Brazil’'s Higher
Education Improvement Coordination (CAPES), Portal of Brazil’s
Health Surveillance Agency (Anvisa), Brazil’s Ministry of Health
and the Brazilian Organ Transplantation Society (ABTO), for the
period between 2018 and 2020. The first three portals men-
tioned above were used to search for local and international
scientific articles using the following keywords: “cornea trans-
plant”, “corneal storage media”, “corneal preservation”, “eye
banking”, “ocular microbiome”, “eye infections”. To search for
data related to COVID-19, since there was scarce literature at
the time of the research, in addition to the previous portals,
searches were conducted on Google Scholar using the keywords
“SARS-CoV-2 corneal infection” and “COVID-19”. Anvisa, Minis-
try of Health and ABTO portals were used to collect free data,
published by the Brazilian government and ABTO. To select the
articles, first we used criteria like interest in the topic and
publication date, based on the titles. After reading the titles of
the articles, we noticed some of them appeared in more than
one database and others did not fulfill the criteria of this study.
After this screening, the bibliography used in the study was
evaluated. We assessed whether it was up to date, the design
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of the experiments and the relevance of the topic. Articles
published in Portuguese, Spanish and English were considered.
We then read the abstracts of the selected articles, and those
that did not relate to the purpose of this study were excluded.
Finally, 87 articles were used to inform this work, seven of which
from PubMed, four from SciELO, 68 selected from searches
in the CAPES Portal and eight from Google Scholar. We read
these articles in full to garner the information contained in
this work.

RESULTS AND DISCUSSION

Cornea transplants in Brazil

The cornea is the interface between the eye and the external
environment. In addition to its protective function, it is the main
refractive surface of the eye''. When its quality is impaired, sev-
eral vision disorders can occur, including complete vision loss.
Among the leading causes of blindness are cataract (51%), glau-
coma (8%), age-related macular degeneration (5%), childhood
blindness and corneal opacity (4%), uncorrected refractive errors
and trachoma (3%), diabetic retinopathy (1%) and undetermined
causes (21%)'2. Research shows that corneal diseases are the
main causes of reversible blindness in the world'>"3, and cornea
transplantation is an important treatment to recover vision.

The Brazilian Unified Health System (SUS) is responsible for coor-
dinating the system of transplants, which must be made avail-
able to the entire population of the country at no cost. In other
words, there must be universal access to transplants and treat-
ment. The National Transplantation Policy is regulated by Law
n. 9.434, of February 4, 1997, and Law n. 10.211, of March 23,
2001. Transplants can be performed by public or private insti-
tutions, but the procedure must be free of charge, as provided
by the law.
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The Ministry of Health publishes data on the total number of
transplants performed in the country. However, although the SUS
coordinates the transplant system, it does not provide a cen-
tralized database for follow-up after the procedures. Therefore,
estimating the number of successful cornea transplants can be
particularly difficult.

A recent publication by ABTO revealed that 3,963 cornea trans-
plants were performed from January to June 2020, just over half
of the transplants performed in the same period in 2019, 7,1122.
The complete historical series of ABTO?, with data from 2012 to
2019, shows the Southeast region with the highest number of
cornea transplants in 2019, 7,558, with highlights to the state of
Sao Paulo (69.4 % of the transplants). In the same year, the South
region performed 2,209 cornea transplants, of which 32% were
done in the state of Rio Grande do Sul (Figure 1).

Rio Grande do Sul had the highest number of cornea transplants
performed between 2011 and 2012: 918 and 882, respectively
(Figure 2). Since then, it has not again reached the number of
transplants performed in the mentioned years. In 2019, 727
transplants were performed in the state.

Although cornea transplants are the most common type of tissue
transplantation in the world', the demand for donations remains
unmet, especially because of the insufficient number of donors.
ABTO’s numbers attract attention. In the first half of 2020, only
31.56% of all potential organ donors in Rio Grande do Sul actually
became donors. In other words, out of 301 potential donors, only
110 became effective donors and, of these, 95 actually had their
organs transplanted. There are 12,234 active patients on the
waiting list for cornea donations, and the numbers vary greatly
by state. In Sao Paulo, there are 2,984 patients on the waiting
list, in Rio Grande do Sul, this number drops to 201. According
to the Ministry of Health, one of the main reasons for the low
number of effective donations is family refusal (43%), identified

Historical series (2001-2019)
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Source: Prepared by the authors, 2020, based on data released by the Ministry of Health (2001 to 2017) and the Brazilian Organ Transplantation Society

(2012 to 2019).

Figure 1. Historical series of the number of cornea transplants performed in Brazil between 2001 and 2019, in the following regions: Center-West (CO);

North (N); Northeast (NE); South (S) and Southeast (SE).
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Figure 2. Historical series of the number of cornea transplants performed in Rio Grande do Sul, between 2001 and 2019.

in interviews with family members. However, in 31% of cases,
family members are not even interviewed. The reasons for not
interviewing them have not been disclosed by the Ministry of
Health, nor have any data detailing the types of donation.

Because of the insufficient number of cornea donors and long
waiting lists, eye banks play a fundamental role not only in
harvesting but also in providing good storage and conserva-
tion conditions for the subsequent transplants'. Studies indi-
cate that, even after consent for donation, a large number of
corneas are discarded and transplantation does not occur. In
a study carried out in the Brazilian state of Parana between
2011 and 2015, 45.6% of all donated corneas were discarded for
various reasons. In Brazil, this number reached 29.5%'. Some
of the main reasons for disposal are positive serology and poor
viability and quality of the cornea, and, to a lesser extent,
contamination of the ocular tissue.

Human ocular surface microbiota

The normal microbiota is defined as the species of microorgan-
isms found in the majority of individuals in a particular loca-
tion'®. The conjunctiva, as well as eyelid margins and tears,
have a much smaller amount of microbial species when com-
pared to other mucous membranes like the surface of the oral
mucosa. Although in smaller numbers, the ocular surface is
continuously exposed to the environment and to different spe-
cies of microorganisms'. Any imbalance in the normal microbi-
ota or the insertion of transitory species can result in the onset
of diseases?.

The ocular surface microbiota can be affected by several fac-
tors: environment, diseases, antibiotics?"?2, among others. The
dry eye syndrome is frequently associated with inflammatory
conditions of the ocular surface?, since the lubrication enabled
by tears, which contain antimicrobial compounds?, limits the
number of species of microorganisms in the ocular mucosa.

Studies based on culture-dependent methods have shown a pre-
dominance of Gram-positive bacteria in the human conjunctiva,
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especially coagulase-negative Staphylococcus (CoNS), isolated
in 20% to 80% of conjunctiva swabs and in 30% to 100% of eye-
lid swabs; as well as the genera of Streptococcus, Corynebac-
terium and Propionibacterium (P. acnes)'®1%22252627.28 and, to
a lesser extent, S. aureussp., Bacillus sp., Enterococcus sp.,
Lactobacillus sp.". Also, albeit in smaller numbers, there can
be Gram-negative bacteria like Haemophilus sp., Neisseria
sp.2, Pseudomonas aeruginosa, Enterobacter sp., Escherichia
coli, Proteus sp. and Acinetobacter sp.'%#:303132  as well as
some groups of fungi'. In the eyelids and/or tears, CoNS can
be found more frequently, as well as Propionibacterium sp.,
Corynebacterium sp., S. aureus, Micrococcus sp. and Strepto-
coccus sp. Again, in smaller numbers, there can be Gram-neg-
ative bacteria like Moraxella sp., Pseudomonas sp., Neisseria
sp. and Proteus sp.".

In recent years, there has been an increase in the use of cul-
ture-independent identification methods, like polymerase chain
reaction (PCR) and sequencing using the 16S rRNA gene. With
this new approach, other genera are being identified as possible
colonizers of the ocular conjunctiva?®. Among the genera found
by researchers via independent cultivation techniques and not
mentioned above are: Millisia, Anaerococcus, Finegoldia, Simon-
siella, Veillonella®, Bradyrhizobium, Brevundimonas, Aquabac-
terium, Sphingomonas, Streptophyta and Methylobacterium?.

In the same study, Dong et al.? presented 12 bacterial genera
found in the conjunctival microbiome, ordered by frequency:
Pseudomonas sp. (20%), Propionibacterium (20%), Bradyrhizo-
bium (16%), Corynebacteria (15%), Acinetobacter (12%), Bre-
vundomonas (5%), Staphylococcus (4%), Aquabacterium (2%),
Sphingomonas (1%), and Streptococcus (1%). Other studies
mention the Pseudomonas genus as the most abundant micro-
organisms in the conjunctiva, via independent cultivation tech-
niques. Lee et al.? found Pseudomonas, Elizabethkingia, Cory-
nebacterium, Staphylococcus, Delftia, Propionibacterium and
Streptococcus accounting for 63.6% of the sequences. Again,
Pseudomonas sp. was the most abundant sequence in the
studies by Zhou et al.?*, followed by Bradyrhizobium sp. and
Acinetobacter sp.
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The frequency of species identified by culture-independent
methods in these studies is surprising insofar as the Pseudo-
monas genus appears in a high frequency, but CoNS no lon-
ger does, as it did in results found by cultivation-dependent
techniques. Gram-negative bacteria are the least abundant by
isolation and identification of bacterial genera by culture-de-
pendent methods. Different sites of the eyes have different
microbiota. Pseudomonas sp. was more frequent on the eye-
lids and conjunctiva, but it is not as frequently found on the
ocular surface®.

The culture-dependent analysis methodology eventually favors
the identification of microorganisms with faster growth and less
fastidiousness®*3*%. The culture media, as well as the growth
conditions, make a selection of species, which does not occur
in independent cultivation methods. It is estimated that only
1% of microorganisms are cultivable by routine techniques3®.
In addition to the methodology, environmental conditions, sea-
sonality and age group may be important factors to warrant
the differences in the data?-?234. In the studies we assessed,
there was no statistical difference in the ocular microbiota
between males and females, but there is a difference between
age groups®33,

The introduction of culture-independent techniques and metag-
enomic analysis have shown an ocular microbiota that is more
similar to that of skin, and not to that of other mucous mem-
branes, like mouth and throat®. Studies infer that the ocular
microbiome may have developed as a result of physical inter-
actions between the skin at the edges of eyelids or fingers with
the ocular surface’'*, as well as particles of dust, water, pollen
etc. It is important to determine which microorganisms are tran-
sient and possible causes of disturbance in the composition of
the microbiome and which are commensals and contribute to the
maintenance of this balance®.

Microbiota related to eye infections

Although it is known that normal microbiota helps protect the
eyes, some species found in the conjunctiva contribute to the
onset of infectious and autoimmune diseases of the eyes like ker-
atitis, conjunctivitis, endophthalmitis, and dry eye syndrome™.
For this reason, knowing and distinguishing commensal microbi-
ota from transient microbiota is important. Despite the increase
in studies using more sensitive techniques, there is no consen-
sus on how many phylotypes actually contribute to the ocular
microbial balance and make up the normal microbiota, nor do
we know the exact relationship between the addition or exclu-
sion of species?.

Up to 82% of postsurgical endophthalmitis in patients who
reversed cataracts may be caused by the ocular microbiota“'.
Bacteria are the main causative agents of endophthalmi-
tis and Gram-positive pathogens are responsible for 60% to
80% of acute infections. CoNS is the most commonly isolated
microorganism®“4 and, to a lesser extent, Gram-positive
and P. acnes® can also be found. In studies that evaluated 55
cases of endophthalmitis after cornea transplants, 44 were
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of bacterial origin with proven culture, and the same micro-
organism was isolated from the recipient and the donor in
56.8% of cases*. These data underscore the importance of
understanding and monitoring the distribution of microorgan-
isms and ocular infections and their resistance to antimicro-
bial agents in order to better adapt pre, peri and postopera-
tive treatments®. The increased incidence of fungal infections
after cornea transplants also suggests the need to review
material selection methods*.

Gram-negative bacteria are very common on the ocular sur-
face of people who wear contact lenses*, and the Pseudomonas
genus appears among the most abundant bacteria®’. The same
occurs on the surface microbiota of healthy individuals in analy-
ses that used independent cultivation techniques. Other bacte-
rial genera, including Gram-positive bacteria, are also reported
to be found in the microbiome of contact lens wearers, namely:
Methylobacterium, Lactobacillus and Acinetobacter and, to a
lesser extent, Haemophilus, Streptococcus, Staphylococcus and
Corynebacterium spp?. It is known that the risk of infections in
contact lens wearers is increased by the lack of contact with the
tear film and antimicrobial proteins present in it, but also by
mechanical friction on the ocular surface, which is now known
to be non-sterile—to the contrary, it is home to a large number
of microorganisms.

In a study evaluating Gram or positive cultures in corneal tis-
sue donors related to cases of post-transplant infection, of 46
positive results, 42 isolates were by bacteria, of which two by
Candida, one by Acanthamoeba and one by nonspecific bud-
ding yeast. Among the bacterial species, 11 were caused by
CoNS, eight by P. acne and, in smaller numbers, Enterococcus
faecalis, E. coli, Peptostreptococcus anaerobius, P. aeruginosa,
Streptococcus viridans. However, correlating the infection
in the cornea recipient was only possible for Candida®. The
results found by the authors corroborate other aforementioned
studies in which there was a prevalence of these species in cul-
tivation-dependent methods. However, the limitations implied
by the methodology must be taken into account. The study has
also shown ten positive cultures, with only Gram stain results.
The genera or species were not identified, and correlating the
agents with subsequent infections was not possible. Other case
studies also reported transmission of Candida sp. from donor
to host#49:50,

Farrel et al.’ evaluated 446 corneal tissues, and 14.1% of the
growths in culture were positive. The most abundant species
were Streptococcus (41%), Propionibacterium (23%) and Staphy-
lococcus (22%), most of which resistant to gentamicin®. Although
the article did not relate the species found to endophthalmitis in
recipients, the authors inferred that knowing the pathogens can
inform the selection of antibiotics for use in surgery and also in
the postoperative period, as well as the right preservation media
in eye banks, since most of the species found were resistant
to gentamicin.

The studies that relate the infectious agents found in donors
to endophthalmitis in recipients were all conducted with
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techniques that use the cultivation of microorganisms. Most
studies do not find a correlation between donor and recipient,
which corroborates the data we already mentioned®"%2. How-
ever, isolates from eye samples are not necessarily the causative
agents of eye infections, since several bacteria can occur on the
ocular surface simultaneously®. Cultivation-dependent tech-
niques, although less accurate, are still the most widely used
due to the low cost of the analysis and the ease of obtaining
results, since more robust techniques depend on sequencing and
bioinformatics analyses.

The presence of pathogens in a culture increases the probabil-
ity of endophthalmitis by up to 1%, whereas for fungi it could
reach 1.23%. The early identification of the infectious agent
could enable early and more aggressive treatments, which could
in turn prevent further damage or consequences, like the need
for a new surgery*. We should also bear in mind that the most
commonly used techniques could be underestimating the species
found’, therefore the infectious agents may not appear in the
assessment of the contaminants. The difference between the
results achieved by conventional culture and molecular biology
tests could affect clinical results®.

Despite the large presence of bacteria as pathogens, the high
rate of infections by the new SARS-CoV-2 is also important in
this discussion. The numbers for September 2020 stand out:
there had been almost 30 million cases of COVID-19 and almost
a million deaths worldwide®. Currently, corneas affected by
SARS-CoV-2 are discarded due to their high transmissibility
and potential presence in the conjunctiva, which may cause
infection in the recipients®. Some studies indicate a low fre-
quency of worrisome implications for corneal tissue donation,
but some cases reported in China and Singapore have shown
patients with ocular symptoms like conjunctivitis, especially
in patients with severe systemic disease®°”%% and that
could be detected in tears or conjunctival secretions. How-
ever, Ang et al.®® and Desautels et al.*® argued that the ocular
symptoms may have been caused by the ventilators used in
the treatment.

There is currently no evidence that SARS-CoV-2 can infect
deeper corneal tissues in patients with COVID-19, but studies
are still based on observations in animals and in vitro®'. More-
over, they cannot yet infer that there is a considerable viral
load in the corneal stroma and endothelium, which could cause
significant risks to recipients®>%3, Although Xia et al.* suggested
that SARS-CoV-2 could be transmitted through the eyes, the
study was based on a very small number of observations. A
recent study published in August 2020 assessed five corneal
donors for viral expression. Corneal and conjunctival epithe-
lia express ACE2, DC-SIGN/DC-SIGNR and TMPRSS2, which sug-
gests that the ocular surface is a potential route for SARS-CoV-2
transmission and that the risk of viral transmission with cor-
nea transplantation cannot be ruled out due to the presence
of ACE2 in the corneal epithelium and endothelium®. A priori,
the suspicion was that the virus settled superficially, so local
sterilization with povidone-iodine solution after excision from
the donor®% would be possible. However, recent studies have

http://www.visaemdebate.incgs.fiocruz.br/

Reali C et al. Microbiota of cornea donors

shown contrary results. There is a clear need for further studies
to infer whether or not COVID-19 positive donor corneas can
be used.

Corneal selection and preservation media

In Brazil, Resolution n. 67, of September 30, 2008, from Anvisa,
regulates contraindications in the use of donated corneas, such
as death from sepsis, HIV seropositive, acute viral hepatitis,
positive diagnosis for rabies and other diseases associated with
microorganisms, so as to prevent the transmission of pathogens
to recipients. Even in donors whose cause of death or history
is not contraindicated for corneal donation, the presence of
microorganisms in enucleated eyes is inevitable. Therefore,
assessing the material is very important so that the microor-
ganisms are not taken from the graft into the receiving eye.
For contamination control purposes, the enucleated mate-
rial is immersed in eye drops and, afterward, the material is
stored in solutions containing antibiotics. Studies that ana-
lyzed the conjunctiva of donors have shown a contamination
rate of 40% to 100% before any treatment and preservation of
the cornea?. Nevertheless, even after this treatment, the cor-
neas did not become sterile and could still carry some type
of microorganism.

In Brazil, the storage temperature, as well as the time, are
determined by Anvisa in Resolution n. 67/2008, which indicates
storage in refrigerators with temperature control from 2°C to
8°C. This methodology is the most widely adopted in the world
and the only used in North America®. It is relatively efficient
and easy to perform in eye banks. Most European eye banks
use corneal storage temperatures from 31°C to 37°C. This tem-
perature could offer advantages when compared to storage at
4°C, since microorganisms are metabolically more active at
higher temperatures. It could increase the efficiency of anti-
microbials and also the storage time due to the viability of
endothelial cells**.

The storage time of the organs determines the choice of the
methodology. For longer periods, up to 48 days, the recom-
mended temperature is 31°C to 37°C; for shorter periods, up to
14 days, the recommended temperature is 4°C. In most parts
of the world, shorter storage periods are more frequent since
there is a constant need for donations, that is, the demand
is greater than the amount of corneas available for donation.
This would explain the frequent use of storage temperatures at
4°C. The interesting thing about longer periods of storage is the
possibility of conducting further diagnostic tests for pathogens,
possible causes of infections, before performing the trans-
plant®. However, one of the problems of storing corneas for
longer periods could be potential changes in the composition of
the storage medium™.

A study carried out in New Zealand comparing corneal preserva-
tion media has shown Optisol-GS with an average ideal storage
time of 3.5 days’, contrary to information from manufactur-
ers, for whom the recommended use time is up to 14 days. The
medium-term preservation media used in Brazil are Optisol-GS
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(Bausch & Lomb, USA) and Eusol-C (Al.Chi.Mia, Italy), the cor-
neal endothelial preservation time, for both, is of 14 days, and
64% of eye banks in the country use preservation solutions with
gentamicin and streptomycin®. In Europe, the antimicrobials
used together with storage solutions are more frequently pen-
icillin, streptomycin and amphotericin B’.

The use of streptomycin together with gentamicin to increase
the antimicrobial spectrum against contaminating bacteria and
reduce the possibility of endophthalmitis was introduced in Opti-
sol GS. In Brazil, a problem with using Optisol GS or Optisol G—
which has only gentamicin in its formula—would be the storage
temperature adopted in the country, which is 4°C. Gentamicin
and streptomycin have a decrease in their activity at 4°C, when
compared to 37°C. Additionally, corneas would have to be left
in stock solution at room temperature for three hours before
refrigeration®. Also, before performing the surgical procedure,
the cornea would have to sit at room temperature for about
one hour’2. Nonetheless, there are reports that, after the intro-
duction of Optisol GS there has been a 77% decrease in endoph-
thalmitis caused by bacteria compared to fungi, and a 3.4-fold
increase in endophthalmitis caused by fungi when the cornea
was stored for more than four days”.

Gentamicin is a widely used antibiotic for corneal preserva-
tion media all over the world', but a study from 1991 showed
that gentamicin-resistant bacteria were already found in
stored corneas, although they were not always related to
post-transplant infections®. Even though the proven number
of postoperative infections is low, Eastlund'® suggested that
these data are understudied, since patients with postoper-
ative infections do not always return to the hospital or to
the professional who performed the transplantation. Another
challenge is to isolate the microorganism found in the donor’s
cornea to compare it with the microorganism that caused the
post-transplantation infection. This follow-up is done in only
a few cases, so these data could also be underestimated. The
contraindications for the use of corneas from patients with
death from sepsis, mechanical ventilation or other illness,
listed by Resolution n. 67/2008, intend precisely to prevent
the transmission of pathogens with the tissue, as has already
been proven by various case studies’?7475.76.77,78,

The Streptococcus, Propionibacterium and Staphylococcus gen-
era, as well as diphtheroids that are resistant to gentamicin,
are commonly found in preservation media'. In a study on the
culture of corneas in preservation media with gentamicin and
streptomycin, growth of microorganisms was reported in 72.5%
of the samples?®, which shows the inefficiency of the preser-
vation media in terms of corneal decontamination. The same
study showed that, of 76 isolates, 81.6% were Gram-positive
bacteria, in the following order of frequency: CoNS in 44.8%
of cases, Corynebacterium sp. in 19.7%, S. aureus in 15.8%,
and Bacillus sp. in 1.3%. We should keep in mind that CoNS is
the most commonly isolated microorganism in endophthalmi-
tis’"7°. Another study on gentamicin-only preservation media
found that 81% of the isolates were Streptococcus, 60% were
Propionibacterium and 71% were Staphylococcus resistant to
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this antibiotic. The same study showed that all isolates were
sensitive to vancomycin®. Similarly, a case study reported by
Khokhar et al.® indicated that the vancomycin-resistant spe-
cies of Alcaligenes faecalis was responsible for infection in the
transplanted cornea®.

A study carried out at Hospital de Clinicas de Porto Alegre,
Brazil, between 2001 and 2003, analyzed positivity in corne-
al-scleral donor halos preserved in Optisol GS. Of 63 halos, 11
showed positive cultures and, of these, four were by Staphylo-
coccus epidermidis, one by S. aureus, one by Serratia sp. and
one by P. aeruginosa, all resistant to gentamicin®. Baer et al.?,
as early as 1988, found S. viridans resistant to this antibi-
otic and reported three cases of endophthalmitis caused by
this pathogen®. The same occurred in a study published by
Fong et al.®2, in which staphylococci, streptococci and fungi
were not eliminated. For Broniek et al.®, gentamicin was not
effective in inhibiting bacterial replication during corneal stor-
age, in a study performed with bacterial culture in corneas
stored in Eusol-C medium.

The storage time of the corneas proves to be a determining fac-
tor in increasing the risk of contamination. According to some
studies, the risk of contamination increases after five days of
storage®®, although preservation media like Optisol-GS keep
corneas with viable endothelial cells for up to 14 days at 4°C&.
The recommendation of the Eye Bank Association of America
(EBAA) is that the enucleation of the eyeball be performed
preferably within the first six hours after death. The ideal rec-
ommendation for reimplantation is that it be performed within
four days after enucleation. Studies comparing different combi-
nations of antibiotics and antifungals are necessary if we want
more effectiveness in the decontamination of corneas for dona-
tion. Cases of antimicrobial-resistant bacteria are becoming
increasingly common, including in communities where corneas
for donation are usually harvested. The increase in antimicrobial
resistance is a challenge, not only in the treatment of diseases
caused by microorganisms, but also in the decontamination of
organs for donation.

CONCLUSIONS

Studies based on culture-independent techniques show that
there is a much greater diversity of bacteria colonizing the eye-
ball than previously thought. The most commonly found bacteria
are of the Pseudomonas genus and not CoNS, as suggested by the
results of studies based on growth in culture media. The antibi-
otics of culture media used in Brazil—gentamicin and streptomy-
cin—are controversial, since many bacterial species isolated from
preservation media and post-transplant infections are resistant
to gentamicin and some are resistant to both gentamicin and
streptomycin. There is a need to review the antimicrobials used
in preservation media, either considering their efficiency or the
target groups to be addressed, since studies indicate the pres-
ence of a large amount of Gram-negative bacteria in the ocular
biome, which can lead to the development of a unified protocol
for use in Brazil.
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