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4.1 Introduction

Ophthalmia (Latin: inflammation of the membranes or coats of the eye) Neonatorum
(Latin: of the newborn), is also known as neonatal conjunctivitis. Ophthalmia
Neonatorum (ON) is defined as an acute, mucopurulent conjunctivitis, presenting in
the first 4 weeks of life [1, 2]. Initially ON was used only for cases due to Neisseria
gonorrhoeae [3], but it now encompasses any inflammation due to any entity (e.g.,
chlamydia trachomatis, chemical, etc.) [4].

ON is a clinical diagnosis and may involve the eyelids, conjunctiva, cornea, and/
or lacrimal apparatus. Therefore, dacryocystitis cases which usually present with
purulent recurrent conjunctivitis should also technically fall within the definition of
ON. Both conditions can be coded under the term “neonatal conjunctivitis and dac-
ryocystitis” [5]. Therefore, any infant presenting with signs of external eye infection
within the first 4 weeks of life should be treated as ON unless proven otherwise [6].

4.2 Incidence

The incidence of ON varies between 1.6 and 24% according to different studies
from varying geographical locations, and depends on the socioeconomic character
of the area. Under-notification of infectious diseases [6] and limitations in reporting
suggest numbers are an underestimate; nearly 85% of combined chlamydial and
gonococcal cases in infants less than 1 year do not report the specimen source so are
not counted among cases [7]. With a broader definition including cases with
unknown, other, or missing specimen sources, the prevalence of gonococcal ON, for
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example, may possibly be as high as 1.1-1.6 cases per 100,000 live births from
2010 to 2015 [7].

Neisseria gonorrhoeae and Chlamydia trachomatis were major causes of micro-
bial neonatal conjunctivitis before the twenty-first century. The prevalence [8] and
incidence of neonatal conjunctivitis has decreased because of the development of
antibiotics, more widespread use of prepartum examination, and increased number
of cesarean section [9].

Since the institution of neonatal ocular prophylaxis, the incidence of gonococcal
conjunctivitis, for example, has decreased dramatically in the Western world [10,
11] with a reduction from 10 to 0.3% [11]. In the United States, ON caused by
N. gonorrhoeae has an incidence of 0.3 per 1000 live births, while Chlamydia tra-
chomatis represents 8.2 of 1000 cases [12]. In another study, when defined as gonor-
rhea in infants less than 1 year with a specimen source of “eye” or “conjunctiva,”’
there were an estimated 0.4 cases or fewer per 100,000 live births per year during
2013-2017 [13].

The geographic variation is illustrated by the fact that rates in New Zealand are
145.9 per 100,000 births per year for Chlamydial infections and 3.79 per 100,000
births per year for Gonorrhea infections [14], while in Pakistan 17% of 1010 babies
developed neonatal conjunctivitis with Staphylococcus aureus (65% of all positive
cultures) which was the most causative agent [15].

A global study investigating the incidence of ON cases presenting to members
of the American Association of Pediatric Ophthalmology and Strabismus
(AAPOS) found that ophthalmologists encountered 0-5 cases per year per prac-
titioner, with Chlamydia trachomatis being the most common reported organism
(35%) [4].

4.3  Etiology

The specific cause of neonatal conjunctivitis can be correlated to the onset of con-
junctivitis [10, 11, 16, 17].

— First 24 h of life: Chemical causes (silver nitrate drops or from prophylactic eye
drops like erythromycin drops, gentamicin drops).

— 24-48 h of life: Bacterial causes are most likely (Neisseria gonorrhoeae,
Staphylococcus aureus).

— 5-14 days of life: Chlamydia trachomatis.

— 6-14 days of life: Herpes keratoconjunctivitis.

— 5-18 days: Pseudomonas aeruginosa.

Etiology can also be classified as either sexually transmitted or non-sexually
transmitted. An association between neonates with purulent conjunctivitis and
mothers with vaginal discharge was first described in 1750 [1]. Sexually transmitted
causes tend to include N. gonorrhoeae and Chlamydia trachomatis. N. gonorrhoeae
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Fig. 4.1 Composite figure showing a neonate with purulent discharge and swollen lids (a). The

gram stain shows gram-negative intracellular diplococci, suggesting N. gonorrhea as the causative
organism (b)

Fig.4.2 Infant with geographic ulcer due to HSV, prior to (a) and after staining with topical fluo-
rescein (b)

accounts for less than 1% of ophthalmia cases worldwide; however, of the babies
born to mothers infected with N. gonorrhoeae, up to 48% develop ophthalmia neo-
natorum (Fig. 4.1). While Chlamydia trachomatis accounts for 2-40% of ophthal-
mia neonatorum cases [18]. Non-sexually transmitted bacteria, like Staphylococcus
aureus, Streptococcal species, gram-negative bacteria (Haemophilus spp.,
Escherichia coli, Pseudomonas aeruginosa), and Haemophilus, account for 30—50%
of ON cases [19, 20]. Much less commonly, neonatal conjunctivitis is caused by
viral infections (herpes simplex, adenovirus, enteroviruses) (Fig. 4.2). Unusual
organisms causing neonatal conjunctivitis like Serratia marcescens (S. marcescens)
are usually seen as nosocomial infections associated with significant morbidity and
mortality in the neonatal intensive care units (NICU) [21]. Chemical conjunctivitis
can be seen after silver nitrate prophylactic treatment.
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4.4  Clinical Symptoms

ON caused by N. gonorrhoeae typically presents in the first 3—4 days of life. The
neonate may present with mild conjunctival hyperemia and discharge. In severe
cases, there is marked chemosis, copious discharge, and potentially rapid corneal
ulceration and perforation of the eye. Systemic infection can cause sepsis, meningi-
tis, and arthritis.

Chlamydia trachomatis is an obligate intracellular bacterium that causes neona-
tal inclusion conjunctivitis. The onset of conjunctivitis usually occurs around
1 week of age [22], although onset may be earlier, especially in cases with prema-
ture rupture of membranes. ON due to Chlamydia can have a delayed peak at around
the age of 2-week-old. This is explained by the fact that the first-line empirical
therapy with topical eye drops is not sufficiently effective against chlamydia and
may not eradicate the infection, hence delaying the onset of symptoms and diagno-
sis [22]. Eye infection is characterized by minimal to moderate discharge, mild
swelling of the eyelids, and hyperemia with a papillary reaction of the conjunctiva.
Severe cases may be accompanied by more copious discharge and pseudomem-
brane formation. Chlamydial infection in infants differs from that in adults in sev-
eral ways: in infants, there is little to no follicular response, membrane formation
may occur, and there is greater mucopurulent discharge.

Herpes simplex virus (HSV) infection is usually secondary to HSV type 2 and
typically presents later than infection with N. gonorrhoeae or C. trachomatis, fre-
quently in the second week of life. Any child diagnosed with HSV ON must have a
full systemic evaluation to exclude pneumonitis, hepatitis, and encephalitis.

Chemical conjunctivitis refers to a mild, self-limited irritation and redness of the
conjunctiva occurring in the first 24 h after instillation of silver nitrate, a preparation
used for prophylaxis against ophthalmia neonatorum. This condition improves
spontaneously by the second day of life.

4,5 Pathophysiology

The causative organism usually infects the infant through direct contact during pas-
sage through the birth canal. Infection can ascend to the uterus, especially if there is
prolonged rupture of membranes, so even infants delivered by a cesarean section
can be infected.

4.6 Diagnosis and Investigation

Diagnosis of ON is a clinical diagnosis supported by appropriate laboratory investi-
gations. This should include immediate conjunctival scraping with Gram stain to
look for gram-negative intracellular diplococci to exclude or confirm a presumptive
diagnosis of N. gonorrhoeae infection, since this organism can cause rapid corneal
ulceration if left undiagnosed and therefore untreated (Fig. 4.1).
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Culture on chocolate agar or Thayer Martin for N. gonorrhoeae and culture on
blood agar for other bacteria are performed. Additionally, a conjunctival scraping
should be done to rule out chlamydial infection by using antigen immunodetection
and polymerase chain reaction. If the corneal epithelium is involved, a culture and
polymerase chain reaction for herpes simplex virus is indicated.

In Chlamydia trachomatis infection, polymerase chain reaction (PCR’ [23],
direct fluorescent antibody staining, and Giemsa-stained epithelial cells from con-
junctival scraping can be useful and essential in some cases to make the diagnosis
[12]. Serology is not informative in these local epithelial infections [24]. Attempts
at DNA sequencing of Chlamydia positive samples were successful and the results
revealed multiple genotypes with a clear 48% dominance of genotype E contribut-
ing to both neonatal and adult conjunctivitis. The dominance of genotype E may be
due to the different tissue tropism of these strains for the conjunctival mucosa of
neonates or is a reflection of the actual dominance of circulating urogenital strains
among humans [25].

The standard diagnostic tests for the isolation of the virus in herpetic conjunctivitis
are virus culture and viral DNA detection by PCR. Patients with signs of systemic
infection that look unwell may have spread disease manifesting as meningitis,
bacteremia, arthritis, or sepsis; on those cases, additional investigation including
blood culture, cerebrospinal fluid for gram stain or joint are warranted [26].
Evaluation of meningitis, bronchitis, and hepatitis with systemic disease is
mandatory in cases of neonatal herpetic conjunctivitis.

4.7 Prophylaxis

The concept of ON prophylaxis is the best method adapted ever since Credes intro-
duced itin 1884 to control ON disease burden and complications [19, 27]. Prevention
of ophthalmia neonatorum can be effectively practiced through antenatal care by
treating sexually transmitted infections in pregnant women, newborn screening, and
ocular prophylaxis. A combination of these three will reduce the ocular morbidity
and blindness in the pediatric population, particularly in underdeveloped nations [1].

In the absence of ocular prophylaxis, studies have estimated transmission rates
of gonococcal infections of 30-50% from the mother to the newborn [4]. Neonatal
ocular prophylaxis is mandated in most states and is considered most effective when
administered up to 1 h after birth.

A 2.5% povidone-iodine has been used immediately after birth [28]. A clinical
trial for ophthalmia neonatorum conducted in Kenya showed that a 2.5% solution of
povidone-iodine was more effective and less toxic than erythromycin or silver
nitrate ointment. Povidone-iodine is particularly useful in developing countries
because of its low cost and ease of application [29]. Chemical conjunctivitis has
been reported with use of silver nitrate but not 2.5% povidone-iodine solution.

Erythromycin ophthalmic ointment is currently the only FDA-approved prophy-
lactic agent available in the United States [30]. Failure of prophylaxis may be due
to either poor compliance of protocols or reinfection.
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4.8 Management

ON is an acute emergency and requires immediate treatment and referral because of
the significant risk of corneal perforation and intraocular infection that can very
quickly lead to blindness, if the cause is N. gonorrhoeae [1]. Since a mother may
have multiple sexually transmitted diseases, infants with one type of ON should be
screened for other such diseases. Public health authorities should be contacted to
initiate evaluation and treatment of other maternal contacts in cases of sexually
transmitted diseases.

Ideally, a swab of the discharge should be obtained in order to determine which
organism is responsible. In the absence of easy access to laboratory diagnosis, the
World Health Organization recommends that babies should be treated for both
gonococcal and chlamydial infections.

World Health Organization (WHO) treatment recommendations for ON due to
C. trachomatis include oral erythromycin, while topical erythromycin is recom-
mended as an adjunct therapy. The purpose of the systemic therapy is to decrease
the risk for pneumonitis and also prevent the relapse of conjunctivitis.

For gonococcal ON, the recommended treatment is a single dose of intramuscu-
lar ceftriaxone injection (50 mg/kg of body weight, maximum 125 mg). An alterna-
tive regimen is cefotaxime 100 mg/kg in a single dose [14] others are kanamycin
and spectinomycin [2].

For chlamydial ON, the recommendation is 50 mg/kg of erythromycin syrup per
day, divided into 4 doses, for 14 days. Topical erythromycin can be used as adjunct
therapy as well. Conjunctivitis secondary to Staphylococcal species and pseudomo-
nas requires treatment with systemic antibiotics. On the other hand, patients with
herpes simplex conjunctivitis should have treatment with systemic antiviral therapy,
along with topical ophthalmic drugs, including 0.15% ganciclovir or 1% trifluridine
for 14 days [3, 4, 30].

Recommendations about management in asymptomatic babies born to mothers
infected with Chlamydia trachomatis infection exist; these babies require close
monitoring for the appearance of clinical symptoms suggestive of chlamydia ocular
or respiratory infections [31, 32].

4,9 Complications

These may be immediate, long term, or treatment related. Immediate ones are usu-
ally seen in cases of gonococcal ON which is associated with a high risk of corneal
perforation [33] and untreated gonococcal ophthalmia neonatorum can result in cor-
neal scarring, ocular perforation, and blindness as early as 24 h after birth [34,
35, 36].

Late ones include corneal opacity which contributes to a significant proportion of
blinding eye diseases in Asia and Africa [37]. Sixty percent of blindness that occurs
in children under 12 years is due to corneal opacity mostly from infections resulting
in huge social and economic burden to the family and society in India [38]. There
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are no published contemporary estimates of gonococcal ON-related blindness in the
US:; it is considered rare in industrialized countries [39]. Even historical information
about gonococcal ON-related blindness is limited. In the late nineteenth century,
prior to Crede’s prophylaxis with silver nitrate, ON, primarily caused by gonorrhea,
was considered a major cause of childhood blindness; in Europe at that time, the
prevalence of ophthalmia neonatorum among live births in maternity hospitals was
greater than 10%, resulting in corneal damage in 20% and blindness in approxi-
mately 3% of these infected infants [39, 40]. An observational study from Nairobi,
Kenya in the 1980s reported that 16% of a series of 64 infants with gonococcal ON
had corneal involvement [37].

Treatment-related complications are rare but oral erythromycin is associated
with an increased risk of developing pyloric stenosis [41]. The risk of chemical
conjunctivitis with erythromycin is between 10 and 13% [3, 42] and chemical con-
junctivitis is a well-known side effect of prophylactic topical agents used at birth
such as silver nitrate.

4.10 Prognosis

Detection and timely treatment of infected mothers is essential to prevent perma-
nent ocular damage; if left untreated or partially treated, corneal ulceration, per-
foration, and blindness can occur. Approximately 10,000 cases of blindness per
year are secondary to ophthalmia neonatorum worldwide [43]. Fortunately, in
most cases, neonatal ophthalmia neonatorum caused by non-gonococcal bacteria
is a mild disease and has a good prognosis; however, up to 50% of babies born to
mothers with chlamydia infection may develop neonatal conjunctivitis [30], and
from those, up to 20% are at risk of having pneumonia [44]. Chemical conjunc-
tivitis secondary to silver nitrate or other topical prophylactic agents is
self-limiting.
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