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Abstract
Introduction Characteristics of ophthalmia neonatorum (ON)
amongst paediatric ophthalmologists remain unclear. The pur-
pose of this current study is to examine the incidence, diagno-
sis, treatment, and prophylaxis of ON cases presenting to
members of the American Association of Paediatric
Ophthalmology and Strabismus (AAPOS).
Methods An email containing a web link to a survey was sent
to all members of AAPOS. The questionnaire examined the
incidence of ON, etiology, diagnostic methods, treatment, and
prophylaxis of the disease in different countries around the
world.
Results Two hundred and ninety-one ophthalmologists an-
swered the questionnaire. Most were from North America
(52.94 %). One hundred and seventy-six (60.69 %)

ophthalmologists encountered 0–5 cases of ON per year.
The most common pathogens causing ON was Chlamydia
trachomatis (35.37 %). Two hundred and forty-two
(85.21 %) treat empirically when encountering ON during
the first 10 days of life and 205 (75.09%) after the first 10 days
of life. In both cases, erythromycin was the most common first
line of treatment. Two hundred and twenty-two (78.72 %)
ophthalmologists replied that prophylactic treatment is re-
quired in their country. The most common agent for prophy-
laxis was erythromycin ointment (71.50 %).
Conclusions We found that the incidence of ON per year per
practitioner is 0–5 cases, the most common etiology is C.
trachomatis, and most infants receive prophylaxis and
treatment.
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Introduction

Ophthalmia neonatorum (ON), also known as neonatal con-
junctivitis, is defined as an acute, mucopurulent conjunctivitis,
which presents in the first 4 weeks of life [1]. The incidence of
the disease ranges between 1.6 and 12 % in different studies
and geographical locations [2, 3]. Presentation may vary from
eyelid swelling and conjunctival hyperemia to chemosis, se-
rous, or purulent discharge [2, 3].

Prior to 1880, ONwas the primary cause of neonatal blind-
ness (60–73 %), and the term ON was used only for cases of
conjunctivitis due to Neisseria gonorrhoeae (N. gonorrhoeae)
[4]. In 1881, Credé introduced ocular prophylaxis for ON
which consisted of instilling a drop of 2 % silver nitrate solu-
tion into each eye at birth. [5] This simple treatment resulted in
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a dramatic reduction in the incidence of ON due to N.
gonorrhoeae from 10 to 0.3 % [5].

ON can also be caused by bacterial infections
(Chlamydia trachomatis, N. gonorrhoeae, Haemophilus
species, Streptococcus pneumonia, etc.), viral infections
(adenovirus or herpes simplex virus), or chemical sub-
stances (following treatment with silver nitrate prophylaxis
or secondary to prophylaxis with other agents such as
erythromycin or tetracycline) [6–8]. While chemical con-
junctivitis usually presents within the first 24 h and is a
self-limiting condition [9] bacterial and viral conjunctivitis
occur later and require treatment [7].

For most non-sexually transmitted bacterial conjunctivitis,
the treatment includes different topical antibiotics according to
physician preference. In cases of ON caused by Chlamydia
trachomatis (C. trachomatis) and N. gonorrhoeae, the treat-
ment includes topical and systemic antibiotics [2, 3, 10].
Treatment for conjunctivitis caused by herpes simplex in-
cludes systemic acyclovir in addition to topical anti-viral oph-
thalmic solution [11].

Over the years, prophylaxis and treatment for sexually
transmitted bacterial conjunctivitis evolved to include differ-
ent antibiotics. Most women in the developed world are
screened for C. trachomatis and N. gonorrhoeae towards the
end of pregnancy, and, if infected, appropriate treatment is
initiated prior to delivery.

Prophylaxis for infants at risk of developing ON is accom-
plished by a wide range of agents including topical tetracy-
cline ointment 1 %, erythromycin ointment 0.5 %, povidone
iodone solution 2.5 %, aminoglycosides, macrolids,
fluroquinolone, chloramphenicol, or fucidic acid. The use of
silver nitrate 1 % in neonates was discontinued due to the
chemical conjunctivitis associated with this preparation [10].
Moreover, the agent is no longer manufactured.

The purpose of this study was to establish the worldwide
incidence of ON and current opinion on appropriate ON diag-
nosis, treatment, and prophylaxis amongst pediatric ophthal-
mologists who are members of the American Association of
Paediatric Ophthalmology and Strabismus (AAPOS).

Methods

Survey population and questionnaire

Email correspondence to all members of AAPOS was sent
though International Peaditric Ophthalmology and
Strabismus Council (IPOSC) secretariat, between February
and April 2015. The email included a web link to a survey
(created on www.surveymonkey.com), explanation for the
purpose of the study, and a contact email and phone number
that allowed the respondents to seek further clarification if
needed. Follow-up emails were sent on several occasions in

April 2015 to those who had not yet responded. The question-
naire included 20 questions (Supplementary Methods), which
examined the incidence of ON, etiology, diagnostic methods,
treatment, and prophylaxis of the disease in different countries
around the world.

All authors certify that they have no affiliations with or
involvement in any organization or entity with any financial
interest or non-financial interest.

As a retrospective study, formal consent is not required.

Statistical analysis

Statistical analysis, including distribution, was performedwith
JMP Statistical Discovery Software 7.0 (SAS Institute, Cary,
NC, USA). The overall significance level was set to an alpha
of 0.05.

Results

Two hundred and ninety-one ophthalmologists (out of 449
ophthalmologists) who were members of AAPOS answered
the questionnaire. Forty-six (15.8 %) had practiced pediatric
ophthalmology for less than 5 years, 48 (16.49 %) for 5-
10 years, and 197 (67.70 %) for over 10 years.

The distribution of regions practicing ophthalmology
around the world are summarised in Fig. 1.

Incidence and etiology

One hundred and seventy-six (60.69 %) ophthalmologists
encountered 0–5 cases of ON per year, 43 (14.83 %) oph-
thalmologists did not encounter even one case of ON per
year. The distribution of answers for those replied was No
observed cases of ON: North America-36, Europe-1,
Africa-1, Far East-2, Central America-1, and Middle
East-1; 0-5 cases of ON per year: North America-103,

Fig. 1 Distribution of regions practicing ophthalmology. Regions:
Number of ophthalmologists (%)
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South America-9, Central America-1, Central Asia-5, Far
East-1, Africa-4, Middle East-15, Australia-4, Europe-34;
15–20: Far East-1, Central Asia-2, Europe-1, Middle East-
2, and South America-1; More than 20: Central Asia-1,
Europe-5, Far East-1, Middle East-4. Some did not specify
where they practice.

The most common pathogens causing ON were C.
trachomatis (35.37 %), S. aureus (19.65 %), and S.
epidermidis (10.92 %). All etiological pathogens are present-
ed in Fig. 2. The distribution for those who replied was C.
trachomatis: South America-4, Central Asia-1, North
America-36, Europe-28, Far East-1, Australia-4, and Middle
East-5.

S. Aureus: South America-5, Central Asia-1, North
America-27, Europe-4, Africa-3, Far East-3, and Middle
East-1.

S. Epidermidis: South America-1, North America-9,
Europe-5, Far East-2, Central America-2, and Middle East- 3

Some did not specify where they practice.

Diagnosis

One hundred and eighty-five (65.84 %) ophthalmologists or-
der a Gram stain routinely for each patient with ON. The
distribution for those who ordered a Gram stain was South
America-8, Central America-1, Central Asia-6, North
America- 100, Europe-42, Africa-5, Far East-5, Australia-4,
and the Middle East-11. No Gram stain performed: South
America-6, Central America-1, Central Asia-6, North
America-44, Europe-15, Africa-3, Far East-5, and Middle
East-16. Some did not specify where they practice.

Two hundred and two (72.40 %) routinely request for an-
tibiotic sensitivity for each patient with a positive bacterial
culture. One hundred and seventy-three (61.79 %) routinely
test for C. trachomatis. The distribution for those who replied
was Yes: South America-4, Australia-4, Central Asia-1, North
America-111, Europe-37, Far East-2, andMiddle East-10; No:
South America-9, Central Asia-10, North America-35,

Central America-2, Europe-17, Africa-8, Far East-8, and
Middle East-17

Some did not specify where they practice.

Treatment

Two hundred and forty-two (85.21 %) treat empirically when
encountering ON during the first 10 days of life. All first-line
treatments are summarised in Fig. 3. The distribution for those
who replied was Erythromycin: South America-2, Central
Asia-1, North America-64, Europe-16, Africa-, Far East-2,
and the Middle East-2. Fluoroquinolones: South America-3,
Central Asia-5, North America- 33, Europe-4, Africa-1, Far
East-4, and the Middle East-7. Aminoglycosides: South
America-2, Central Asia-2, North America-6, Australia-1,
Europe-7, Africa-4, Far East-1, and the Middle East-6. Some
did not specify where they practice.

Two hundred and five (75.09 %) treat empirically when
they encounter ON after the first 10 days of life. All first-
line empirical treatments are summarised in Fig. 4.

Two hundred and sixteen (84.71 %) prescribe topical med-
ications in addition to systemic treatment for ON caused by N.
gonorrhoeae. The distribution for those who replied was Yes:
Central America-1, Australia-3, Central Asia-9, North
America-110, Europe-46, Africa-7, Far East-9, and Middle
East-19; No: Central America-1, North America-20,
Australia-1, Europe-8, Far East-1, and Middle East-3. Some
did not specify where they practice.

The topical agents used for treatment of N. gonorrhoeae
include: fluoroquinolones (46.5 %), aminoglycosides
(22.5 %), polymyxin B sulfate–trimethoprim solution
(15.0 %), macrolides (9.6 %), chloramphenicol (5.3 %), and
fucidic acid (1.1 %). The distribution for those who replied
was Fluoroquinolones: South America-3, Australia-,
Central Asia-5, North America-44, Europe-15, Africa-4,
Far East-5, and Middle East-10, Aminoglycosides:
Central America-1, South America-1, Australia-1, Central
Asia-3, North America-22, Europe-9, Africa-3, Far East-1,

Fig. 2 The most common causes of ophthalmic neonatorum Fig. 3 First line of treatment for the first 10 days of life
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and Middle East-1. Polymyxin B sulfate–trimethoprim so-
lution: Central Asia-1, North America-21, Europe-4, and
Middle East-2.

Macrolides: South America-3, Australia-1, North
America-11, Europe-3. Chloramphenicol: Australia-1,
Central Asia-, North America-1, Europe-6, Africa-1, and
Middle East-1. Fucidic acid: North America-1. Some did
not specify where they practice.

One hundred and eighty-four (76.67 %) prescribe systemic
antibiotics for C. trachomatis.

One hundred and forty-seven (63.64 %) prescribe topical
medications in addition to systemic therapy for ON caused by
C. trachomatis. First-line treatments for C. trachomatis are
summarised in Fig. 5.

One hundred and fifty-five (64.65%) also routinely refer to
a pediatrician to rule out pneumonitis.

The distribution for those who answered yes was South
America-9, Central America-1, Central Asia-5, Australia-1,
North America-84, Europe-36, Africa-2, Far East-6, and
Middle East-10. No: South America-2, Australia-3, Central
America-1, Central Asia-4, North America-42, Europe-12,
Africa-6, Far East-5, and the Middle East-9. Some did not
specify where they practice.

Prophylaxis

Two hundred and twenty-two (78.72 %) ophthalmologists re-
plied that prophylactic treatment is required in their country,
whereas 60 (21.28 %) answered that prophylactic treatment is
not recommended in their country.

The distribution for those who answered was Yes: South
America-14, Central Asia-7, North America-146, Central
America-2, Europe-17, Africa-3, Far East-7, and the Middle
East-23. No: Central Asia-4, North America-4, Europe-37,
Africa-5, Australia-4, Far East-3, and Middle East-3. Some
did not specify where they came from.

The most common agents used in the hospitals for ON
prophylaxis are summarised in Fig. 6.

One hundred and eighty (75.31 %) ophthalmologists rou-
tinely refer parents for testing and counseling for C.
trachomatis and N. gonorrhoeae.

The most common agent for each location was South
America-Povidone iodone, North America-Erythromycin
ointment, Europe-Povidone iodone, Africa-Tetracycline, Far
East-Erythromycin ointment, Middle East-Erythromycin oint-
ment, and Central Asia-Not specific (the use of aminoglyco-
sides, fluoroquinolones, povidone iodone, polymyxin B sul-
fate–trimethoprim solution).

Discussion

Although ON is less common than in the past, it remains a
blinding disease in developed countries and a significant
cause of ocular morbidity, blindness, and even death in devel-
oping areas. This survey summarises the incidence, etiology,
diagnosis, treatment, and prophylaxis from several regions of
the world. The survey attracted good representation from
North America, Europe, and the Middle East, but poorer rep-
resentation from Africa, Australia, the Far East, and South
America; however, this may reflect the lower number of pae-
diatric ophthalmologists practicing in those areas.

Fig. 4 First line of treatment after the first 10 days of life

Fig. 5 First line of treatment for Chlamydia trachomatis Fig. 6 The methods used for ON prophylaxis
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Most ophthalmologists responding to the questionnaire
were very experienced, with over 10 years of clinical practice
in pediatric ophthalmology, which increases the validity of
this study.

The incidence of ON reported in the literature is 1.6–
12 % [1, 2]. In this survey the majority replied that they
treat only 1–5 cases per year, which is a very low rate. We
assume that this it is because most ophthalmologists who
answered the questionnaire practice in developed coun-
tries, where this disease is less common. Another explana-
tion could be that, in some cases, the disease is treated by
pediatricians, not ophthalmologists. The actual incidence
of ON is unknown, due to under-reporting in the develop-
ing world. More comprehensive studies in those countries
could help determine the actual incidence of this disease.

The primary etiologies of ON in decreasing order are:
chemical inflammation, bacterial infection, and viral infection
[12]. The organisms causing ON are usually acquired from the
infected birth canal of the mother or as an infection from the
immediate surroundings [13]. Since Crédé popularized pro-
phylaxis in the 1884, the epidemiology of ON has changed
dramatically in the developed world [14]. N. gonorrheae is no
longer the most common bacterial infection in ON in the de-
veloped world, but presently C. trachomatis accounts for up to
40% of all cases of ON in North America [3, 15]. Therefore, it
was not surprising to find that the most common etiology in
this survey was C. trachomatis in North America, Europe,
Australia, and theMiddle East. But S. aureus was the common
pathogen in South America and the Far East. Clinical mani-
festations of C. trachomatis occur after the first week of life
and vary from mild hyperemia with a watery discharge to
severe mucopurulent discharge and chemosis. Fortunately,
complications of ocular morbidity and blindness are rare [16].

ON is essentially a clinical diagnosis. However, the dif-
ferentiation between various types of infections can be dif-
ficult clinically and requires lab tests and cultures in order
to determine the pathogen [17, 18]. In our study, most
ophthalmologists send conjunctival scrapings for Gram
staining, cultures, and test for C. trachomatis and antibiotic
sensitivity; this practice is less common in the Middle East.
However, until the results of the cultures are obtained,
most ophthalmologists treat ON empirically with erythro-
mycin topically or by intravenous administration or both
during and after the first 10 days of life. Erythromycin is
the most common antibiotic probably by virtue of its
safety.

World Health Organization (WHO) treatment recommen-
dations for ON due to C. trachomatis include oral erythromy-
cin, while topical erythromycin is recommended as an adjunct
therapy. The purpose of the systemic therapy is to decrease the
risk for pneumonitis and also prevent the relapse of conjunc-
tivitis [16, 19, 20]. Most of the ophthalmologists that replied
to the questionnaire stated that they adhere to those

recommendations. ON due to N. gonorrheae should include,
according to WHO recommendations, hospitalization, fre-
quent irrigation of the conjunctiva and intravenous, or intra-
muscular administration of ceftriaxone or penicillin [21, 22].
In all countries where paediatric ophthalmologists replied to
this question this was the common practice.

Since the beginning of the twenty-first century, there has
been an increasing debate regarding the necessity of prophy-
laxis treatment for ON. Those opposed to the treatment claim
that the incidence of sexually transmitted infections has de-
clined, treatment and awareness of ON has improved, and
prophylaxis carries a risk of developing antibiotic resistance.
It is reported that in Scandinavian countries, it is not common
to give prophylaxis [14, 20, 23]. The ophthalmologists who
support prophylactic treatment claim that current evidence
supports this practice.

In our study 78.9 % of the ophthalmologists answered that
prophylactic treatment is currently recommended in their
country. However, we believe that the debate about prophy-
lactic treatment will increase in coming years with the increase
in resistance to antibiotics.

There are some limitations of this study. Firstly, AAPOS
members do not represent all paediatric ophthalmologists; sec-
ondly, not all AAPOS members responded; and thirdly, most
of the paediatric ophthalmologists were from North America,
leading to a potential bias.

We speculate there will be a change in treatment and pro-
phylaxis of the disease with the increase in resistance to anti-
biotics; ON is a preventable cause of childhood blindness and
prophylaxis has definitely had a huge impact on infant loss of
vision. At present, in our opinion, due to advanced prenatal
care and treatment of sexually transmitted disease in the de-
veloped world, prophylaxis is no longer required; however, in
developing countries, and in areas of deprived socioeconomic
status within developed countries, prophylactic treatment of
ON should still remain standard practice. It remains to be
determined if the possibility that a less expensive treatment,
such a povidone iodine, can replace common antibiotic treat-
ment is yet to be established. In some countries the cost of
preparation of povidone iodine is similar to that of standard
antibiotics. Furthermore, some practitioners object to its col-
our; therefore, is it difficult to popularise. Others propose that
due to its colour one can determine that the drop entered the
cul de sac of the eye. Despite the facts that wide use of this
preparation would render it inexpensive and, most important-
ly, it is not susceptible to resistance, unlike standard
antibiotics.

In conclusion, we summarise the incidence, etiology, diag-
nosis, treatment, and prophylaxis of ON in countries where
paediatric ophthalmologists are members of AAPOS. We
found that the incidence of ON per year in most regions is
0–5, the most common etiology is C. trachomatis, and most
infants receive prophylaxis and treatment.
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