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Abstract. Retinopathy of prematurity (ROP) is a sight-
threatening disorder of the retina affecting neonates of very
low birth weight and gestational age, and is characterized by
the development of abnormal blood vessel growth. According
to Dr Dimitra Skondra, Associate Professor of Ophthalmology
and Vitreoretinal Surgeon at the University of Chicago School
of Medicine in Chicago, USA, the neonatal gut microbiome
may be implicated in the neoangiogenesis process in the
neonatal retina and this role may be one of the missing links in
the pathogenesis of ROP. The human gut microbiome consists
of bacteria, viruses, protozoa and fungi, which colonize the
sterile fetal intestine, and differ depending on gestational
age, mode of delivery, type of neonatal feeding, the usage of
antibiotics and the requirement of neonatal intensive care.
To date, it has been related to multiple nutritive, metabolic
and immunological functions and has been implicated in
the pathogenesis of several human diseases, such as the
inflammatory bowel diseases, autoimmune and neurogenerative
disorders, metabolic syndrome, cardiovascular diseases and
various types of malignant neoplasias. Recent research has
proposed that the neonatal gut microbiome profile in high-risk
neonates who develop ROP is significantly enriched with
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Enterobacteriacaea species several weeks prior to the diagnosis
of ROP. Further research using animal models is required
to prove the causative or secondary role of the microbiome
composition in the development and clinical course of ROP. If
this role is proven, the gut microbiome could then be a target
of intervention for personalized medicine in the prevention
and therapeutic management of ROP in neonates.
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1. Introduction

Retinopathy of prematurity (ROP) is a sight-threatening
disorder of the developing blood vessels in the retina of
neonates of very low birth weight and gestational age (1,2).
It is characterized by an initial phase of vasoconstriction and
obliteration of the capillary retinal network beginning after
birth, which later on progress to vasoproliferation causing
retinal tension, distortion and detachment (3). To date, the role
of neoangiogenesis pathways in the human retina involving the
vascular endothelial growth factor (VEGF) and insulin-like
growth factor-1 (IGF-1) pathways has been excessively
studied (1). ROP has been proposed to be multifactorial; the
principal risk factors for its development are birth weight and
gestational age. Treatment strategies against ROP include the
usage of laser photocoagulation and cryotherapy, while recently
the intravitreal usage of anti-VEGF has also been introduced
into clinical practice for ROP patients (4,5). Despite current
screening, advanced neonatal care and improved management
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guidelines, ROP remains a leading cause of childhood blind-
ness and visual disability, worldwide (1,2,6).

Dr Dimitra Skondra, MD, PhD (Fig. 1), Associate
Professor of Ophthalmology at the University of Chicago
School of Medicine in Chicago (USA), is a highly respected,
board-certified Retina Specialist, with a particular focus on
the medical and surgical treatment of vitreoretinal diseases.
She studied medicine at the University of Crete School of
Medicine, where she received her MD and her PhD (7)
and she specialized in Ophthalmology at Harvard Medical
School, Massachusetts Eye and Ear Infirmary, Boston, MA
and Weill Cornell Medical College, New York Presbyterian
Hospital, New York City, NY in the USA. She is an expert
in delivering care for diabetic eye disease, retinal detachment,
age-related macular degeneration, retinal vein occlusions, eye
trauma, proliferative vitreoretinopathy and intraocular infec-
tions, with advanced training and expertise in surgical repair
of complex diabetic retinal detachments. In addition to her
clinical expertise, Dr Skondra is an active researcher. As a
physician-scientist, she is dedicated to investigating methods
to improve treatment strategies for retinal conditions. She is
currently engaged in clinical and translational research in
diabetes and other retinal diseases with special focus on the
role of the gut microbiome in retinal diseases. Her research in
retinal imaging aims to provide a better understanding of the
pathogenesis, early detection and identification of prognostic
information for to enable more targeted intervention and treat-
ment. She has performed 36 publications in peer-reviewed
journals (8-43), has given numerous invited talks in national
and international meetings and serves as scientific reviewer for
several ophthalmology journals. Throughout her career, she
has received several prestigious awards, including the 2019 The
Association for Research in Vision and Ophthalmology
(ARVO) Genentech Age-related Macular Degeneration
(AMD) Translational Award, the University of Chicago
Ophthalmology and Visual Science (OVS) Innovation Award,
the Retina Society Raymond Margherio Award, the Alcon
Harvard Medical Scholl Ophthalmology Clinical Research
Scholar Award, the Association of University Professors of
Ophthalmology (AUPO) Research Award, the ARVO/Alcon
Early Career Clinician Scientist Award, the Joslin-Tonseth
Research Fellowship Award and the Knights Templar
Award. She is an elected member of the prestigious Macula
Society (https://www.maculasociety.org), the Retina Society
(https://www.retinasociety.org) and is an active member of
the American Society of Retinal Specialists, the American
Academy of Ophthalmology, the Vitreous Buckle Society and
the Association of Research in Vision and Ophthalmology.

Dr Skondra is the team leader of the Retina Microbiome
Team (RMT) of the University of Chicago School of Medicine,
focusing on human ocular and extraocular microbiome and its
role in the pathogenesis and treatment of retinal diseases; these
include AMD and ROP (18). Moreover, her research aims to
clarify the potential interaction of the human microbiome with
the angiogenesis pathways in the retina and to identify the
protective or pathogenic role of different bacterial species in
the development of different vascular retinal disorders in adults
and neonates, including ROP. On Saturday, September 14th,
2019, she participated at ‘The Retina Society 2019 Annual
Meeting’ in London, UK, where she presented her work on the
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Figure 1. Professor Dimitra Skondra, Associate Professor of Ophthalmology
and Vitreoretinal Surgeon at The University of Chicago School of Medicine
in Chicago, USA.

neonatal intestine microbiome and ROP (44). In the context of
the forthcoming ‘6th workshop on paediatric virology’ orga-
nized by the Institute of Paediatric Virology (IPV) Dr Skondra
will give a plenary lecture on ‘ROP and neonatal microbiome’.
This article presents her teleconference meeting with the
Paediatric Virology Study Group (PVSG) on neonatal micro-
biome organized by the IPV on Monday, April 13th, 2020.

2. Questions and Answers

Question: Dear Professor Dimitra Skondra, first of all I would
like to congratulate you for your recent exemplary lecture in
London last September on retinopathy of prematurity (ROP).
Despite current improvements in perinatal and neonatal care,
ROP remains a major cause of neonatal blindness, worldwide.
What is ROP, how is it developed in premature neonates and
what factors are implicated in its pathogenesis?

Answer: First of all, Ioannis, thank you for this invitation; it is
always great to catch up and discuss with good colleagues and
friends from Greece. Retinopathy of prematurity (ROP) is a
neovascular process that is developing in high-risk neonates
of very low birth weight and low gestational age. It is char-
acterized by the presence of undeveloped retinal vessels at
the initial phase and the development of abnormal blood
vessels growth later on. Up to 20-30% of high-risk infants
with extremely low birth weight of less than 500 g or very
low gestational age of less than 27 weeks develop ROP. Most
babies who develop ROP do not meet the criteria for treat-
ment and ROP regresses spontaneously without any blindness
consequences. However, we still do not know why some
high-risk infants develop severe ROP, while other high-risk
infants do not - even they have similar known risk factors for
ROP.

Question: In your lecture in London, you presented data on the
relationship between ROP and the neonatal intestine micro-
biome. What is the human microbiome? What are the genera,
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species and strains of bacteria and other microorganisms,
which compose it?

Answer: The human microbiome has been there for many
many years, but in medicine we were used to ignoring it, until
almost 10-20 years ago. There are trillions of microbes living
in the human body, which represent almost one third of the
total average human body mass. The human gut microbiome
consists of bacteria, viruses, protozoa and fungi, which are
present in the human gastrointestinal tract (GIT) and represent
the vast majority of the human microbiome. Here, in Chicago,
at the University of Chicago School of Medicine, we have
established the RMT, looking into how the gut microbiome is
implicated in retinal disorders and angiogenesis, which is the
growth of abnormal retinal vessels in retina and choroid, hall-
mark sign of blinding retinal conditions like ROP and AMD
and diabetic retinopathy. Our principal question of our research
project, which was presented in London on September, was
whether the human gut microbiome would potentially associ-
ated with the development or the risk for development of ROP.

Question: When does the colonization of the intestine micro-
biome occur in neonates and how is it altered during the first
period of life?

Answer: The colonization of the gut microbiome in the
sterile foetal intestine occurs during and after the birthing
process. There are some researchers, who have proposed that
microbial colonization occurs in utero, but this is debatable.
Gestational age is considered as the most significant factor for
the development of gut microbiome. Other factors that have
an impact on the proliferation of microbes include the mode
of delivery, usage of antibiotics, admission in the neonatal
intensive care unit (NICU), type of infant feeding (breast,
formula or parenteric). For example, the neonatal microbiome
differs significantly in neonates born with Caesarian section
compared to neonates delivered vaginally. The admission
of preterm neonates at the NICU is also characterized by
prolonged antibiotic therapy, parenteral nutrition, delayed oral
feeding and intubation, affecting the composition of neonatal
gut microbiome. Antibiotics influence the neonatal micro-
biome, delaying and altering its normal intestinal colonization.

Question: The intestinal microbiome has been implicated
in several nutritive, metabolic and immunological functions.
According to the literature, in what diseases has the intestine
microbiome been found to be involved?

Answer: Over the past decade, more and more studies have
investigated the crucial role of the human gut microbiome
in the mechanism of health, as well as in the pathogenesis
of several diseases. The initial studies focused on the rela-
tionship between the gut microbiome and gastrointestinal
diseases, such as the inflammatory bowel disease - Crohn's
disease and ulcerative colitis. It also has an important role in
metabolic syndrome, obesity, as well as in neurodegenerative
diseases, such as Parkinson's disease, Alzheimer's disease,
cardiovascular diseases, multiple sclerosis, rheumatoid
arthritis, asthma, food allergies and cancer. Moreover, the gut
microbiome plays an important role in nutrient and mineral
absorption, synthesis of enzymes, vitamins and amino acids,
circadic rhythm, brain development, weight gain, bone growth
and of course immunity.

Question: What is the role of the human intestine microbiome
in immunity?

Answer: The human gut microbiome enhances epithelial
barrier integrity and provides immunomodulation and protec-
tion against multiple pathogens. In patients with inflammatory
bowel disease or autoimmune disorders or transplant rejec-
tion this relationship is more than crucial. The human gut
microbiome controls human immune system reaction and its
immunological role is significant in several diseases, even
in unexpected malignant neoplasias, such as melanoma. For
example, different characteristics of the gut microbiome have
been reported in patients with metastatic melanoma who
respond to immunotherapy compared to those who do not
respond.

Question: Which is the principal mechanism of the establish-
ment of this very important multi-systemic role of the gut
microbiome?

Answer: Basically, though different metabolites, such as
short-chain fatty acids (SCFAs), that different microbes
secrete into the GIT. These metabolites are implicated in
several biochemical pathways involved in multiple nutritive,
metabolic and immunological functions.

Question: So, is neonatal microbiome related to ROP? What
were the results of your research?

Answer: The initial idea of our research was to examine if the
neonatal gut microbiome is one of the missing links in the
pathogenesis of ROP. This was really a mystery question trying
to answer why some high-risk neonates develop ROP, while
others do not. We established collaborations with Dr Erika
Claud, Professor of Pediatrics and Director of Neonatology
Reasearch and Dr Sarah Rodriguez, Assistant Professor of
Opthalmology and Visual Science and co-director of ROP
service and our RMT, where I have the role of team leader. We
decided to focus on very low weigh birth babies of less than
750 g and very low gestational age of less than 27 weeks and
evaluated their neonatal intestine microbiome from the date
of birth until the age, when the diagnosis of ROP is usually
performed, around 36 weeks. We selected these neonates
and weekly samples were collected. We analyzed our data
comparing high-risk infants who developed severe ROP and
received treatment to those high-risk infants who did not
develop any ROP. Looking at these very extreme groups, we
interestingly found statistically significant differences in their
microbiome profile at the age of 28 weeks. The microbiome
profile in infants who developed severe ROP was significantly
enriched with Enterobacteriaceae species. The early micro-
biome profile seemed to be different, but not the profiles later
on. Looking the sequencing data of these microbes, we also
examined potential pathways that specific microbes and their
genes may be involved in the pathogenesis of ROP and we
found several metabolic pathways especially regarding amino
acid synthesis to be enriched in the group without ROP.

Question: However, you did not prove if this is a causative
relationship or simply a co-incidence.

Answer: You are right. Our findings were based on a pilot,
observational study, which was clinical and provided only
preliminary evidence. The fact that we saw differences does
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not prove, indeed, the causative role of the neonatal microbiome
in ROP. However, our observation that the early microbiome
profile seems to be different between babies who develop ROP
and those who do not is something that definitely needs further
research. It was really interesting that neonates who developed
ROP tended to be on a longer duration of antibiotics. The theory
that sepsis predisposes to ROP could be related to exposure with
broad spectrum antibiotics, very early on. It disrupts the normal
microbiome development, its diversity and the normal ration
between protective and pathogenic microbes, which compose
it. This gut microbiome disruption can be implicated in path-
ways that are related to new blood vessels growth and ROP
development. On the other edge of the spectrum, studying the
effects of human gut microbiome in angiogenesis of the retinal
vascular disorders in older adults with various ophthalmic
diseases such as AMD, we have already seen that the human
gut microbiome can directly affect the gene expression of
VEGF and IGF pathways in the retina, which are implicated
in the angiogenesis process. However, we still have to answer if
this is a causative or a secondary effect and how is this related.

Question: In your research did you examine the impact of
breast feeding on the development of ROP? Could you summa-
rize the current evidence of the impact of human breast milk in
the neonatal microbiome and its protective effects on infants?
Answer: Yes, we included it in our data collection, as well
as in our multivariate statistical analysis. To date, we know
that breast feeding is protective against ROP. Babies who are
breast-fed are more protected against ROP compared to those
who are parenterally fed or receive formula nutrition. The
diet of babies is very significant, indeed, and as I mentioned
earlier, it is a significant modifying factor of the neonatal gut
microbiome. Another reason that breast feeding is protective
could be that it promotes a healthier gut microbiome, which
is thought to suppress the growth of potentially pathogenic
bacteria. It is very interesting to examine, though, the exact
mechanism through which breast feeding is related to ROP
and the exact sequel of different factors, including the neonatal
gut microbiome, in the pathogenesis of ROP; further studies
are needed to study this relationship with ROP.

Question: Could the understanding of this sequel be used in
the prevention of ROP?

Answer: Hypothetically yes. The neonatal gut microbiome
profiling at the date of birth could provide valuable informa-
tion on the neonatal needs for a healthier neonatal microbiome
balance. For example, if pathogenic species that are proven to
be related to ROP are detected, they could be modified accord-
ingly and replaced with non-pathogenic or protective species
in order to prevent the development of ROP, as well as other
diseases, such necrotizing enterocolitis, which has been exces-
sively studied regarding the role neonatal gut microbiome in
its pathogenesis.

Question: Viruses are also included in the neonatal micro-
biome. Have you studied the presence of specific viruses in
neonatal intestine microbiome? Are there recent studies on the
involvement of viruses in neonatal microbiome?

Answer: We have only studied bacterial species. Viruses are
also very important, although their role is less known. To date,

there are a number of studies examining the role of viruses
in the gut and respiratory microbiome in adults, as well as
in children and neonates. But, as far as I know, there are no
studies available on the relationship between viral microbiome
and ROP. This is a really interesting question that could be
examined in the future.

Question: What are the current screening and therapeutic
management options for patients with ROP? What is your
experience in the management of neonates with ROP in
Chicago, USA?

Answer: The proper screening of ROP of premature neonates
with a gestational age of less than 30 weeks is very significant
even the criteria keep on changing. It is performed by paediatric
ophthalmology specialists being comfortable in examining the
retina of premature neonates and identifying neonates with
ROP. Early diagnosis of ROP can allow effective intervention
before the retina is detached. There is a shift of the paradigm
regarding the management of ROP in the last 5 years. The
initial usage of cryotherapy in the avascular retina of neonates
with ROP a couple of decades ago was replaced with laser
therapy destroying the peripheral areas of the retina, slowing
or reversing the abnormal growth of blood vessels. Recently,
the use of intravitreal anti-VEGF therapy has caused a great
revolution in the management of severe ROP cases trying to
avoid very excessive laser therapies and their side-effects and
complications. At the University of Chicago, the first-line
management of cases with severe ROP by our paediatric
ophthalmology specialist team tends to frequently include
anti-VEGF injections. This strategy requires close follow-up
of the patients, which helps to identify cases requiring supple-
mentary laser therapy. The crucial, though, message for the
management of ROP is the necessity for its early detection and
treatment before the retina starting detaching!

Question: Could the understanding of human microbiome be
used in the development of new prevention and therapeutic
strategies against ROP and how?

Answer: Absolutely; this is just the beginning. First, we need
to understand and prove if changing the neonatal microbiome
composition really affects the clinical course of ROP. Then, we
have to identify if there are specific microbes that are missing or
are enriched related to the disease development and to examine
if their modification changes the severity of ROP. If these are
proven using animal models, then there could be several ways
of therapeutic interventions aiming to a ‘healthier’ neonatal
gut microbiome. There are numerous ways to manipulate
the human gut microbiome once we prove which direction is
effective. These interventions could provide specific protective
strains or targeted pre-biotics or probiotics or other targeted
supplements/metabolites or antibodies against pathogenic
metabolites or other medications that affect microbiome. There
is a completely new therapeutic era in this field and in the future
this can be the key for personalized medicine in ROP.

Question: What will be the next step of your research?

Answer: The next step, now, is to work on animal models to
see how vessels growth is related to gut microbiome. In my
laboratory, we work with germ-free mice; these mice are the
gold-standard animal models for studies of the microbiome
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and will enable us to answer our questions. Germ-free mice
are bred in isolators, which fully block exposure to microor-
ganisms keeping them free of detectable bacteria and viruses.
We have developed the first angiogenesis animal model with
laser in these mice and using specific protocols we have
found the way to develop new blood vessels in their retina
and keep these mice sterile. We intend to examine how new
blood vessels are grown with or without microbiome or with
different modification of it. This animal model will help us to
understand our unanswered questions regarding the role of the
human gut microbiome in retinal angiogenesis and provide the
proof of concept in our hypothesis.

Question: Thank you very much for this very interesting
discussion. On behalf of the PVSG and our newly founded
Institute of Paediatric Virology we would like to wish you all
the best in your state-of-the-art clinical and research contri-
bution in Ophthalmology! We look forward to your plenary
lecture in our forthcoming ‘6th workshop on Paediatric
Virology’ focusing on ‘ROP and neonatal microbiome’.
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