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Abstract
Background Phototherapy is a very common method to treat jaundice.This study explored whether
phototherapy affected the periocular skin microbiota of newborns and whether the use of different eye
patches during phototherapy had different effects on the microbiota.

Methods Twenty neonates with jaundice were randomly divided into experimental (using modi�ed eye
patches) and the control (using conventional eye patches) groups. Skin samples around the eyes were
collected before phototherapy and 24h and 48h after phototherapy, and 16SDNA high-throughput
sequencing was performed to identify bacterial strains in the microbiota in different time periods.

Results No signi�cant difference was found in the basic information, including age, gestational age, body
weight, sex, decrease in the bilirubin level, and conjunctivitis, between the two groups (P > 0.05). Also, no
signi�cant difference was observed in the abundance of different bacterial strains in the control group
before and after phototherapy (P > 0.05). In the control group, the �rst three strains in the periocular skin
were mainly Staphylococcus, Streptococcus, and Corynebacterium. In the experimental group, the colony
abundance in the periocular skin decreased signi�cantly 48 h after phototherapy (P < 0.05); the
abundance of some bacteria, such as Enterococcus or Enterobacter, around the eyes decreased
signi�cantly (P < 0.05). The skin around the eyes in the experimental group was also dominated by
staphylococci and streptococci before and after phototherapy.

Conclusion Phototherapy can change the �ora of the skin around the eyes of newborns.The skin of
newborns who wore conventional eye patches exhibited no signi�cant change in the abundance of
bacterial strains after phototherapy, but a signi�cant decrease was observed in those who used improved
eye patches.

Introduction
Neonatal jaundice is a common disease. Studies have reported that the incidence of jaundice in full-term
infants and premature infants is 50% and 80%, respectively [1]. Blue light therapy is a common clinical
method for treating neonatal hyperbilirubinemia. However, some adverse reactions of blue light include
fundus retinal degeneration. Hence, it is necessary to make infants wear an effective eye patch during
phototherapy to prevent damage to the retina [2,3].Studies have shown the short- and long-term side
effects of phototherapy. The short-term effects are interference in the mother–infant relationship,
imbalance in temperature and water electrolysis, skin damage, paralytic intestinal obstruction in bronze
baby syndrome, opening of ductus arteriosus, and circadian rhythm disorders. The long-term effects
include allergic diseases such as asthma, rhinitis, conjunctivitis, and so forth [4]. Phototherapy may
cause skin lesions, such as macula, papules, and macular papules, including periocular skin, and damage
the retina. Therefore, it is necessary to make newborns wear eye patches or eye masks during
phototherapy to avoid retinal damage. However, patches may cause periorbital skin irritation, further
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leading to an eye infection. Yurdakok found that the incidence of conjunctivitis signi�cantly increased
during phototherapy. Eye diseases and eye mask friction or phototherapy led to increased allergic
reactions[5]. Whether these allergic reactions are related to the changes in the skin microbiota around the
eyes during phototherapy is not clear.

Parasitic bacteria are common in all parts of the human body. They are widely found in the skin, oral
cavity, nasopharynx, eye conjunctiva, external auditory canal, intestinal tract, vagina, and other
corresponding parts of the human body[6]. These bacteria can invade the eye conjunctiva of newborns
via any mode of contact. A number of studies have shown that the diversity of skin microorganisms is
associated with many diseases [7-9]. The conjunctival bacteria that lead to neonatal conjunctivitis
develop after birth, and the pathogenicity of these microorganisms affects the development of
conjunctival lesions. Many studies have shown that Staphylococcus is the main skin pathogen. Many of
these bacteria come from the mother's birth canal, or they are a result of improper care of the newborn
skin postnatally[10]. After birth, different bacterial strains colonize in the skin microbiota around the eyes,
which may be the direct source of neonatal conjunctivitis. In recent years, high-throughput DNA
sequencing has enhanced the understanding of the diversity of microbiota in various parts of the body
[11]. The bacterial genome is relatively small, usually with only one circular DNA and plasmid. High-
throughput sequencing helps understand all its genetic information. DNA sequencing has also become
one of the important means of microbial research, providing relevant information regarding the genetic
evolution of bacteria, disease prevention and treatment, and development of vaccines and antibiotics [12-
14]. The development of modern technology provides good technical support for the in-depth exploration
of skin microbiota around the eyes of newborns. A light-emitting diode (LED) is the common light source
(a cold light source) used in phototherapy 15. Whether this kind of phototherapy can affect the changes
in the children's skin microbiota, especially around the eyes, and whether the local temperature and
humidity around the eyes will be changed with eye patches during phototherapy remain unexplored.

In this study, 16SDNA high-throughput sequencing was used to analyze the effect of conventional
phototherapy on the microecology of neonatal periocular skin. At the same time, different eye patches
were used to observe the changes in bacterial diversity in the periocular skin, so as done to compare the
characteristics of bacterial communities on the periocular skin in the two groups, thus providing a
theoretical basis for the rational use of protective eye patches in clinical phototherapy.

Methods
Study design

In this cohort study, patients were selected between October 2018 and March 2019 in the Department of
Neonatal Pediatrics, East Hospital of Shanghai Sixth People's Hospital. Full-term newborns with jaundice
who needed phototherapy were randomly enrolled. The changes in the periocular skin microbiota were
observed after using different eye patches.

Clinical study registration
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This study has been registered in the Chinese Clinical Trial Register.The registration number is
ChiCRT2000031992.

Study participants

Participants included those needing hospitalization for Jaundice and full-term newborns. The jaundice
and phototherapy diagnostic criteria mentioned in the jaundice diagnostic guidelines were used [15]. The
inclusion criteria were as follows: (1) gestational age 37–40 weeks; (2) mother and baby transferred to
the same room within 7 days of birth; (3) whole-body skin intact, no rash, no redness, no swelling, and no
secretions; and (4) phototherapy ≥two times and phototherapy duration ≥12 h.

The exclusion criteria were as follows: patients with birth weight less than 2500 g, infection requiring
antibiotics, genetic and metabolic diseases, congenital malformations, and severe complications. The
study �ow diagram is shown in Figure 1.

Randomization

All patients were divided into two groups according to the principle of complete randomization and by the
nonblind method. The digital random method was used to set up the control and experimental groups.
The traditional eye patch was used in the control group, and the improved eye patch was used in the
experimental group.The lab assistant is responsible for recording and distributing all random numbers.

Interventions

Phototherapy: Both groups needed continuous phototherapy. Samples were collected immediately after
phototherapy and 24 h and 48 h after phototherapy. Choice of phototherapy box and phototherapy lamp
tube: For LED cold light source treatment, the wavelength of the therapeutic apparatus was set to 475
nm. The effective irradiation area was 40×20 cm², and the maximum radiation intensity was 42 μW/cm².
The noise was below 60 dB. During the treatment, the lamp holder was placed 40 cm away from the skin
of the child. All instruments and equipment were of a uni�ed standard and the same brand. Operation
before phototherapy: Both groups received routine care before phototherapy, including preheating the
phototherapy box, setting an appropriate box temperature, taking samples before entering the box,
applying powder and oil on the skin, cutting nails, and protecting the perineum with phototherapy diapers.
The other parts were exposed, and the changes in vital signs were monitored and recorded. The staff
cleaned their hands and wore patches during the operation. Phototherapy operation: Control group:
Before phototherapy, the medical eye mask was directly covered and �xed with a 3M tape, and the same
eye mask was used for phototherapy; the mask was disinfected with alcohol before each use.
Experimental group: An 8P skimmed gauze 6 × 8 cm² in size, was used as a disposable medical dressing
before phototherapy. During phototherapy, the eye patch of the appropriate type was selected according
to the size of the head and eye distance. The eye patch was folded and wrapped in a small piece of
gauze. The size of the gauze was the same as that of the mask. It was �attened and �xed with a 3M
tape. The patch was then covered on both sides with the gauze. A speci�c eye patch is shown in Figure 2.
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Data collection

1. Basic Information

The basic information of hospitalization in the two groups included the age, gestational age, body weight,
mode of production, sex, Apgar (5 min), laboratory bilirubin levels before and 24 h and 48 h after
phototherapy, and the occurrence of conjunctivitis.

2. Sample collection and microorganism examination and analysis

2.1 Sample collection and retention

Collection: The samples were collected three times around the eyes of each patient: before the �rst
phototherapy, 24 h after the �rst phototherapy, and 48 h after the second phototherapy. Retention: A
sterilized cotton swab was dipped immediately into a small amount of normal saline and rubbed on the
skin around the eyes once in a circle from the inside to the outside for more than 15 s [16]. The cotton
swab was put into the specimen, kept in the test tube, and frozen in the refrigerator at –80°C immediately.

2.2 High-throughput sequencing

The 16SrRNA high-throughput sequencing technique was used to analyze the changes in the periocular
skin microbiota in the two groups before phototherapy, after the �rst phototherapy, and after the second
phototherapy, so as to understand the effect of a phototherapy eye mask on the periocular skin
microbiota. The concentration and purity of total bacterial DNA were analyzed using a periocular skin
bacterial DNA kit, and the integrity of DNA was detected by agarose gel electrophoresis. The 16SrDNA
hypervariable region was ampli�ed using primers.PCR ampli�cation was completed, and the
ampli�cation effect of PCR products was detected by agarose gel electrophoresis. The bacterial DNA was
sequenced by PCR-DGGE. The sequencing results were compared and analyzed using Blast
(http://www.ncbi.nlm.nih.gov/BLAST) on NCBI.

Outcomes

The primary outcome was the difference in the abundance of bacterial strains in the microbiota 24 h and
48 h after phototherapy. The secondary outcome was the decrease in bilirubin levels and conjunctivitis in
the two groups before and after phototherapy.

Statistical analysis

Data were analyzed using statistical software SPSS23. The normal data were expressed as mean ±
standard deviation. The t test, analysis of variance, nonparametric rank-sum test, and c2 test were used
to analyze the quantitative or qualitative data.
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Results
1. Basic details

No signi�cant difference was found in age, gestational age, body weight, mode of production, sex,
bilirubin levels, and conjunctivitis between the two groups, as shown in Table 1 (P > 0.05).

Table 1. Comparison of the basic situation between the experimental and control groups

  Control group Experimental
group

P
value

Postpartum days 3.8 ± 1.2 3.9 ± 1.8 0.05

Gestational days 38.4 ± 1.5 38.71 ± 0.89 0.05

Birth weight 3226.1 ± 493.1 3269 ± 293.6 0.05

Mode of birth (vaginal/cesarean section 8/2 7/3 0.05

Male/Female 8/2 7/3 0.05

APGAR score(5 min 10 ± 0 10 ± 0 0.05

Bilirubin level before and after phototherapy
(mg/dL)

21 ± 3.2/10 ±
1.2

22 ± 2.2/8 ± 2.2 0.05

Conjunctivitis 1 0 0.05

 2. Comparison of the periocular skin microbiota between the experimental group (Ta) and the control
group (Ca) before phototherapy

2.1. Abundance of different bacterial strains in the periocular skin microbiota in the two groups before
phototherapy

No signi�cant difference was observed in the abundance of different bacterial strains in the periocular
skin microbiota between the two groups before phototherapy (P > 0.05), as shown in Figure 3.

2.2 Most abundant bacterial strains in the periocular skin microbiota in the two groups before
phototherapy

Before phototherapy, the top 20 bacterial strains in the periocular skin microbiota of the 2 groups were
staphylococci and streptococci, as shown in Figure 4A and 4B.

3. Changes and comparison of microbiota in the control group after phototherapy

3.1 Abundance of different bacterial strains in the periocular skin microbiota in the control group after
phototherapy
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The abundance of (Cc) periocular colonies in the control group 24 h after phototherapy (Ca) and 48 h
after phototherapy (Cb,) is shown in Figure 5A. It displayed an increasing trend (Fig. 5B) but with no
statistically signi�cant difference (P > 0.05).

3.2 Most abundant bacterial strains in the periocular skin microbiota in the control group after
phototherapy

The �rst 20 genera around the eyes after phototherapy in the control group were also dominated by
staphylococci and streptococci, as shown in Figure 6A and 6B.

4. Changes and comparison of microbiota in the experimental group after phototherapy

4.1 Abundance of different bacterial strains in the periocular skin microbiota in the experimental group
after phototherapy

A signi�cant difference was found in the abundance of (Tc) periocular colonies in the experimental group
24 h after phototherapy (Ta) and 48 h after phototherapy (Tb); the colony count decreased signi�cantly
48 h after phototherapy (P < 0.05) (Fig. 7A and 7B).

4.2 Most abundant bacterial strains in the periocular skin microbiota in the experimental group after
phototherapy

 Staphylococci and streptococci were the main bacteria in the �rst 20 genera around the eyes after
phototherapy in the experimental group. The abundance of genera (A) and species (B) decreased 48 h
after phototherapy, as shown in Figure 8.

 5. Comparison of the microbiota between the experimental and control groups after phototherapy

5.1 Abundance of different bacterial strains in the periocular skin microbiota in the two groups after
phototherapy

The abundance of bacterial strains in the periocular skin microbiota in the experimental group followed a
downward trend, with a statistically signi�cant difference (P < 0.05) (Fig. 9).

5.2 Most abundant bacterial strains in the periocular skin microbiota in the experimental and control
groups after phototherapy

The �rst 20 genera in the 2 groups were mainly staphylococci and streptococci, as shown in Figure 10C
and 10D.

 

Discussion
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Neonatal jaundice is a common disease in neonatal pediatrics. In clinic, it is not necessary to take
measures if jaundice is mild. If the condition is serious, it affects the health of newborns and hence
corresponding measures need to be taken. The current treatment methods include phototherapy, drugs,
blood exchange, and so on; phototherapy is the most effective treatment at present [17]. The wavelength
of light used in phototherapy is most likely to cause damage to the retinal macula. Also, long-term
therapy using a strong light can signi�cantly increase the likelihood of conjunctivitis in children [18]. At
present, phototherapy protective measures to reduce this side effect include wearing eye patches. A
previous study found that phototherapy signi�cantly affected the composition of neonatal intestinal
microbiota. The present study explored whether phototherapy might affect the structure of the periocular
skin microbiota in newborns who wore protective eye mask during phototherapy and whether different
methods of using protective eye patches also affected the periocular skin microbiota. The method of
high-throughput sequencing was used to analyze the effect of phototherapy on the periocular skin
microbiota of newborns and understand whether the improved eye mask could affect the composition of
the ocular skin microbiota.

In this study, the two groups of newborns were kept mainly in the same room with mothers. No
statistically signi�cant difference was found between the groups in the abundance of different bacterial
strains in the skin around the eyes before phototherapy. The �rst 20 bacterial strains in the skin of the 2
groups mainly came from the mother and the surrounding environment.Different bacterial strains, mainly
staphylococci, streptococci, enterobacteria, and so on, were found in the skin of newborns,which was
consistent with the �ndings of Conlan [19] report. Also, bacteria such as Lactobacillus and
Bi�dobacterium may play an important role in maintaining the stability of the neonatal microbiota.

High-throughput sequencing showed that the abundance of different bacterial strains in the periocular
skin microbiota of the control group had no signi�cant change before and after phototherapy. In the
control group, the number of bacteria increased after phototherapy, but with no statistical signi�cance.
This indicated that phototherapy had little effect on the overall skin microbiota around the eyes. However
the abundance of different bacterial strains in the microbiota increased progressively with the extension
of time. Staphylococci and streptococci were dominant. The abundance of bacterial strains in the
periocular skin microbiota increased signi�cantly at the genus level (Pseudomonas and Spirulina) after
phototherapy, while the abundance of defective bacteria changed signi�cantly at the species level. The
bacterial strain Alister found in the oral cavity, is a Gram-negative coccus, which is di�cult to culture and
closely related to dental pulp disease and periapical periodontitis [20]. Alternatively, Pseudomonas is a
Gram-negative bacillus mostly found in marine environments. Pseudomonas aeruginosa can
signi�cantly inhibit the corrosion of common metals in seawater [21], while MB117 has the ability to
produce alkaline cellulose [22]. Spirochetes play a certain role in regulating food allergy. These bacteria
are relatively rare [23]. Whether the increase in the abundance of bacteria has an impact on the body
needs to be further investigated later.

High-throughput sequencing in the experimental group found that the colony abundance in the periocular
skin decreased signi�cantly after phototherapy, following the use of the improved eye mask, indicating
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that the use of the improved eye mask in phototherapy might inhibit the growth of some bacteria around
the eyes. The main bacteria and strains before and after phototherapy were staphylococci,
Pseudomonas, Corynebacterium, Streptococcus, and Haemophilus. The abundance of bacteria, including
Clostridium, enterococci, or enterobacteria, decreased signi�cantly because these bacteria were more
sensitive to phototherapy. At the same time, the use of improved eye patches can signi�cantly inhibit the
growth of these bacteria, reduce the possibility of skin infection, and maintain the stability of the skin
microbiota around the eyes. Phototherapy can change the skin colonization around the eyes of newborns,
while the use of improved eye patches can reduce the abundance of harmful bacteria, keep the relative
number of bene�cial bacteria around the eyes stable, and decrease the possibility of skin or eye infection
after phototherapy.

A statistically signi�cant difference was observed in the number of colonies between the experimental
group and the control group after phototherapy. The abundance of bacteria, such as Staphylococcus,
Streptococcus, and Corynecoccus, followed a decreasing trend after phototherapy in the experimental
group, while the abundance of Pseudomonas and Haemophilus increased. The abundance of major
bacterial strains in the skin remained unchanged; staphylococci and streptococci were still dominant. In
the experimental group, improved eye patches were used at the time of phototherapy to reduce the
abundance of these bacterial strains. The change in abundance at the species level was similar to that at
the genus level. After phototherapy, the experimental group also showed an increase in the abundance of
some bacteria, such as Proteus, Sphingomycetes, and Flavobacterium. However, no clinical effect on
newborns was found because the rate of increase in abundance was quite low. The number of prominent
bacteria in the experimental group was also signi�cantly lower than that in the control group, suggesting
that the use of improved eye patches was more bene�cial to maintain the stability of the �ora around the
eyes of newborns treated with phototherapy, thus relatively reducing the possibility of skin and eye
infections in newborns.

This study was novel in exploring the changes in the periocular skin microbiota of newborns during
phototherapy. It aimed to analyze the effect of two kinds of eye patches on the periocular skin �ora of
newborns after phototherapy. Phototherapy was found to have no signi�cant change in the number of
bacteria in the periocular skin of newborns who wore conventional eye patches. However a signi�cant
decrease was observed in the number of bacteria around the eyes of newborns using improved eye
patches. The study indicated that more attention should be paid to the selection and application of eye
patches in clinical phototherapy. The study also found that the common colonizing bacteria around the
eyes of newborns were less affected by the changes in phototherapy. However, some rare bacteria
showed statistically signi�cant changes, but these changes had no signi�cant clinical impact on
newborns because the number of these rare bacteria was low. This study showed that phototherapy
might increase the number of some rare bacteria. Attention should be paid to the hygiene and cleanliness
of the eyes during phototherapy. An improved eye mask can be used or a new eye mask can be used
every time to keep the skin around the eyes of newborns safe during phototherapy, reduce the effect on
the periocular skin microbiota, and decrease the possibility of skin and eye infections among newborns.
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This study had some limitations. It was a cohort observational study. The sample size was relatively
small, and the time of phototherapy was relatively short. Further, the conclusion could re�ect only the
changes in the �ora around the eyes of newborns under the current conditions. The length of the recovery
time for the microbiota in the later stage needs further follow-up research. However, the �ndings might
provide a theoretical basis for clinical studies on phototherapy and eye patches in the future.
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Figures

Figure 1

Study �ow diagram.
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Figure 2

Two kinds of phototherapy eye patches for the (A) control group and (B) the experimental group. (Doll
model)

Figure 3

Comparison of periocular skin �ora between the experimental and control groups before phototherapy.

Figure 4
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Top 20 genera in the periocular skin of the (A) experimental and (B) control group before phototherapy.

Figure 5

Comparison of the abundance of different bacterial strains in the skin microbiota around the eyes in the
control group before and after phototherapy.

Figure 6

Comparison of the top 20 genera in the periocular skin of the control group (A) before and (B) after
phototherapy.
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Figure 7

Difference in the abundance of bacterial strains in the periocular skin microbiota of the experimental
group before and 48 h after phototherapy.

Figure 8

Distribution of the top 20 genera and species in the experimental group after phototherapy.
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Figure 9

Comparative analysis of the microbiota between the experimental and control groups after phototherapy.
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Figure 10

(A and B) Top 20 bacteria in the experimental and control groups after phototherapy (C and D). Different
bacterial strains in the two groups after phototherapy.
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