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Preface

If pressed, those of us in the medical profession who are fortunate enough to care 
for children can produce a variety of reasons why we picked this particular field. If 
you ask enough people—or read enough personal statements—a few themes recur. 
Children are rarely to blame for their condition, the odd swallowed quarter aside. 
Children, by and large, get better over time. And the chance to have an early impact 
on a long, meaningful, productive life is immeasurably valuable. Neonates are the 
quintessential pediatric patients—they literally have their entire lives in front of 
them. All they did to acquire their disease was be born. Too often, though, these 
infants are born with or soon acquire infection—unwanted stowaway pathogens that 
these infants neither invited nor deserve. Timely recognition and treatment of these 
infections can have a major impact on infant survival and quality of life.

Neonatal Infections: Pathophysiology, Diagnosis, and Management is intended 
as a quick reference guide for the busy clinician caring for newborns and young 
infants, whether in the nursery, the neonatal intensive care unit, the ward, or the 
clinic. It covers infections acquired during birth or while in the hospital (Part I) as 
well as congenital infections (Part II). Summary chapters regarding prevention 
strategies, including infection control, outbreak management, antibiotic steward-
ship, and immunizations, are also included (Part III). Neonatal Infections is intended 
to be concise yet thorough and as visual as possible. I am extremely thankful to all 
of the authors who contributed their time and expertise to this effort. If you find this 
text useful, as I hope you will, it is because of them.

I am indebted to so many teachers, mentors, and friends who helped me through 
my training. To Julia McMillan, my residency director at Johns Hopkins—thank 
you for convincing me to pursue pediatric infectious diseases. To George McCracken, 
thank you for offering me a fellowship spot in the parking lot of Love Field in 
Dallas all those years ago. To Pablo J. Sánchez, thank you for being a patient, con-
siderate, wonderful mentor and for convincing me to add a neonatology fellow-
ship—it was just crazy enough to work! Most importantly, thank you to my wife, 
Leticia Shanley. You are the best pediatrician I know, and without your unwavering 
support I would be personally and professionally adrift.

And to you, reader—thank you for taking care of newborns. This book is for 
you… and them.

San Antonio, TX, USA J. B. Cantey 
March 2018
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Early-Onset Sepsis

Susan A. Lee

 Epidemiology

Sepsis is a systemic condition that includes infection of a sterile site with concomi-
tant signs of illness [1]. Blood, urine, and cerebrospinal fluid (CSF) are most com-
monly evaluated, but other normally sterile sites (e.g., peritoneal, pleural, pericardial, 
synovial, bone) can also be infected. Neonatal sepsis can be classified by age of 
onset and timing of the sepsis episode (Table 1). The etiology and management of 
EOS are distinct from that of late-onset sepsis, which is discussed in detail in chap-
ter “Late-Onset Sepsis.”

In the United States, the overall rate of early-onset sepsis is approximately 0.8–1 
per 1000 live births [2, 3]. GBS accounts for the greatest proportion of EOS cases 
(35–40%), followed by E. coli. GBS is more common among term infants; E. coli 
accounts for a greater proportion of EOS among preterm infants. However, a wide 
variety of organisms are capable of causing EOS. Listeria monocytogenes has 
become less common, accounting for <1% of EOS cases.

Risks for EOS include both maternal and neonatal factors (Box 1):
Maternal risk factors. The leading risk factor for EOS is chorioamnionitis. 

Chorioamnionitis is defined as an intra-amniotic infection that typically results from 
ruptured membranes allowing for microbial invasion [4]. Approximately 40% of 
infants with EOS are born to mothers with chorioamnionitis [2, 3]. Chorioamnionitis 
can be diagnosed clinically or with histopathology, although histopathology is gen-
erally not available in time to inform clinical decisions [5]. The duration of rupture 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-90038-4_1&domain=pdf
mailto:lees16@uthscsa.edu
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of membranes is also associated with increased risk for sepsis, largely due to the 
development of chorioamnionitis. However, prolonged rupture—defined as ≥18 h—
is independently associated with increased risk even in the absence of 
chorioamnionitis.

Infant risk factors. The most important infant characteristic is the degree of pre-
maturity. EOS rates are inversely proportional to gestational age and birth weight, 
with the highest incidence occurring in the smallest infants.

As discussed below, risk calculators use the presence or absence of these risk 
factors along with the infant’s clinical status to determine the need for evaluation 
and treatment for EOS [6].

Table 1 Definitions of early-onset and late-onset sepsis in neonates

Early-onset sepsis Late-onset sepsis
Etiology ~40% GBS

~30% E. coli
~30% other

1. Coagulase-negative Staphylococcus
2. Staphylococcus aureus
3. E. coli and other gram-negatives
4. GBS and other gram-positives
5. Candida

Age of onset Age ≤ 72 h Age > 72 h

Time of 
acquisition

Before or during delivery After delivery

Mode of 
acquisition

Perinatal (mother-to-infant 
transmission)

Postnatal (acquired from hospital 
environment and community)

Clinical 
findings

Rapid onset
Systemic disease more 
common than focal infection
Bacteremia/pneumonia 
common

Onset may be slower or fulminant
Focal infection (e.g., meningitis, 
osteomyelitis, urinary tract infection) more 
likely

Box 1 Risk Factors for Early-Onset Sepsis
Maternal

Chorioamnionitis
Intrapartum fever (without chorioamnionitis diagnosis)
Prolonged rupture of membranes
Colonization with GBS
Inadequate intrapartum antibiotic prophylaxis

Infant
Prematurity
Low birth weight
Low Apgar scores
Need for endotracheal intubation

S. A. Lee
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 Pathogenesis

Early-onset sepsis can occur one of two ways:

 1. In utero infection usually results from ascending bacteria reaching the amniotic 
fluid and subsequently being aspirated or swallowed by the fetus. Many bacteria, 
including GBS and E. coli, have attachment proteins that allow them to ascend 
from the birth canal to the amnion. Rupture of membranes facilitates this process 
by removing a major physical barrier between the fetus and the organisms, but 
bacteria can invade even with intact membranes. Organisms aspirated in utero 
cause pneumonia or systemic infection at or shortly after birth. Of note, transpla-
cental transmission of GBS and E. coli are rare, but this is the primary route for 
Listeria.

 2. Perinatal infection is acquired during the delivery process, either during descent 
or expulsion of the infant. The risk for perinatal disease is reduced—but not 
eliminated—by cesarean delivery. Organisms that attach to and colonize the 
infant during delivery can subsequently invade, with onset of symptoms usually 
within 24–36 h of delivery.

 Clinical Findings

Clinical signs of EOS are very nonspecific (Table 2). Temperature instability (either 
fever or hypothermia) is the most common finding but is present in less than half of 
cases. In addition, many noninfectious conditions can mimic the clinical presenta-
tion of neonatal sepsis. Noninfectious respiratory conditions such as transient 
tachypnea of the newborn or respiratory distress syndrome and hypotension second-
ary to prematurity routinely lead to sepsis evaluations and empiric antibiotic therapy 
[7–9]. Given the nonspecific presentation and the adverse outcomes associated with 
delayed therapy, nursery providers should have a relatively low threshold for con-
sideration of sepsis in an ill-appearing infant.

Early-onset sepsis is virtually always rapid in onset, with the vast majority of 
infants presenting either at delivery or within 24 h. EOS is generally a systemic ill-
ness; focal findings are most often limited to pulmonary involvement. Meningitis or 
other focal compartmental infections are possible but less common than with late- 
onset sepsis (see chapter “Late-Onset Sepsis”).

The mortality of EOS is approximately 15%; the majority of deaths occur by age 
3 days [2, 3]. The case fatality rate of EOS is inversely related to the gestational age. 
Among survivors of EOS, morbidity is usually limited to those with early-onset 
meningitis or those who require prolonged mechanical ventilation due to sepsis 
with a concomitant increased risk for bronchopulmonary dysplasia.

Early-Onset Sepsis
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 Diagnosis

The gold standard to diagnose sepsis is blood culture. A minimum of 1 mL of blood 
should be obtained [10]. Since EOS is a systemic illness that presents with bactere-
mia, typically only blood cultures are required when EOS is suspected. This is in 
contrast to late-onset sepsis, in which sampling of other sites (urine, CSF) is rou-
tinely indicated. However, CSF should be obtained for culture and cytology if signs 
of central nervous system involvement are present (e.g., apnea, seizures) or when 
blood cultures turn positive. Urine cultures are not indicated.

Non-culture-based ancillary testing, such as complete blood counts with differ-
ential, C-reactive protein, procalcitonin, and others, has good negative predictive 
value but limited positive predictive value. If used, ancillary testing should be used 
to reassure providers when the infant appears ill, but cultures are sterile. However, 
abnormal values in an otherwise well-appearing neonate should not prompt initia-
tion or continuation of empiric antibiotic therapy [11].

There are several guidelines to help guide decisions regarding which infants to 
test and empirically treat for early-onset sepsis. Unquestionably, ill-appearing 

Table 2 Clinical findings of neonatal sepsis

System Sign
Systemic • Hyperthermia

• Hypothermia
• Temperature instability

Pulmonary • Tachypnea
• Grunting
• Retractions or nasal flaring

Neurologic • Apnea
• Irritability
• Lethargy
• Seizures
• Hypotonia
• Full or bulging fontanelle

Cardiovascular • Tachycardia
• Bradycardia
• Hypotension
• Poor perfusion
• Cyanosis
• Pallor

Gastrointestinal • Poor feeding
• Jaundice
• Abdominal distention or ileus
• Vomiting
• Hepatomegaly
• Diarrhea

Other • Petechiae
• Purpura
• Coagulopathy

S. A. Lee
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infants should be evaluated. For well-appearing infants, the current American 
Academy of Pediatrics recommendations use maternal and infant-risk factors to 
determine need for cultures and treatment (Table 3) [10].

Sepsis calculators are multivariable prediction models that estimate the risk of 
EOS among late preterm and term neonates based on objective data and the neo-
nate’s clinical status. This method has been prospectively validated and significantly 
reduces the number of neonates who require sepsis evaluations and empirical anti-
biotic therapy relative to existing guidelines without adversely affecting outcomes 
[6]. However, sepsis calculators have not yet been widely adopted or applied to 
more preterm infants.

 Treatment

Empiric therapy. Ampicillin and gentamicin remain the primary empiric therapy for 
early-onset sepsis. GBS remains universally susceptible to penicillin, and gentami-
cin provides good coverage for E. coli and other gram-negative causes of EOS. The 
proportion of ampicillin-resistant E. coli has increased markedly over the past sev-
eral decades, but aminoglycoside resistance has not [12–14]. In addition, the rise in 
cephalosporin resistance and extended-spectrum-beta-lactamase-producing gram-
negative organisms has outpaced aminoglycoside resistance [15, 16]. Therefore, 
third- and fourth-generation cephalosporins should be reserved for suspected or 
proven gram-negative meningitis, as gentamicin does not achieve sufficient concen-
trations in the CSF. Empiric therapy can be discontinued as early as 24–36 h if blood 
cultures remain sterile.

Definitive therapy. When a pathogen is recovered, treatment should be altered to 
provide effective coverage with the narrowest possible agent or agents. The use of 

Table 3 American Academy of Pediatrics 2012 recommendations for management of infants with 
suspected early-onset sepsis

Sepsis 
evaluation

All ill-appearing infants
Well-appearing infants IF
• Chorioamnionitis-exposed
• <37 weeks and either prolonged rupture of membranes or inadequate 
intrapartum antibiotic prophylaxis

Diagnosis Blood: Culture of ≥1 mL
CSF: Not routinely indicateda

Urine: Not indicated
Ancillary testsb: Not routinely indicated but may provide additional negative 
predictive value

Treatment Ampicillin and gentamicin
Cefotaxime should be restricted to infants with suspected or proven 
meningitis with gram-negative organism

Adapted from reference 10. CSF cerebrospinal fluid
aCSF should be obtained if infant has overt signs of central nervous system involvement, if blood 
cultures identify a pathogen, or those who are critically ill or strongly suspected of having sepsis
bWhite blood cell counts with differential, c-reactive protein, procalcitonin, etc.

Early-Onset Sepsis
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two active agents to treat a given organism has not been shown to be beneficial in 
neonates and is not recommended under usual circumstances [17]. However, when 
gram-negative rods are identified from the blood of a critically ill infant (e.g., shock, 
acute respiratory failure), the use of a second agent from a different antibiotic class 
(e.g., piperacillin/tazobactam and gentamicin) will increase the likelihood that at 
least one of the agents has activity against the organism and should be considered. 
Once the speciation and susceptibility of the pathogen is known, therapy should be 
narrowed to a single agent. The optimal duration of therapy for early-onset sepsis 
has not been well studied. Treatment recommendations vary by organism and by 
compartment; gram-negatives are generally treated with longer durations than 
gram-positive organisms; meningitis is treated for longer than bacteremia alone. At 
minimum, antibiotics should be continued until cultures are sterile, and the neonate 
shows clinical recovery [18].

Adjunctive therapy. Currently, adjunctive therapies are not recommended in the 
treatment of early-onset sepsis. Neutropenia is associated with poor prognosis and 
mortality in neonatal sepsis. However, studies of therapies aimed at increasing neu-
trophil concentration—including granulocyte transfusions, granulocyte/macro-
phage colony-stimulating factor, pentoxifylline, and intravenous immune 
globulin—have had mixed results [19–22]. Currently, adjunctive therapies are not 
recommended in the treatment of early-onset sepsis; additional research is required 
to determine the potential benefit of these strategies.

 Prevention

Prevention of EOS requires multiple strategies. Since GBS accounts for the great-
est share of cases, prevention of GBS is a priority. Universal screening of pregnant 
women for GBS colonization and intrapartum antibiotic prophylaxis for colo-
nized women has dramatically reduced the incidence of GBS EOS to the point 
where late- onset infection (see chapter “Late-Onset Sepsis”) is more common 
[23]. The majority of EOS cases occur when screening is missed or intrapartum 
antibiotic therapy is not given in time [24]. Optimizing systems will prevent some, 
but not all, EOS due to GBS [25]. Ultimately, a GBS vaccine might have the most 
impact on neonatal sepsis rates worldwide [26]. In 2018, the World Health 
Organization in 2018 issued a statement with research priorities and technical 
requirements in order to facilitate creation and implementation of an effective 
GBS vaccine [27].

Another major aspect of prevention of EOS is reduction in preterm deliveries. 
Prematurity is a major risk factor for EOS, second only to chorioamnionitis. 
Strategies that reduce preterm delivery, such as prevention of teen pregnancy, com-
prehensive prenatal care, smoking and drug cessation, 17-hydroxyprogesterone pro-
phylaxis for women with a history of a preterm delivery, and others, would also be 
expected to reduce early-onset sepsis rates, particularly cases due to E. coli and the 
gram-negatives that are more common among preterm infants [3, 28].

S. A. Lee
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Late-Onset Sepsis

Niraj Vora

 Epidemiology

Late-onset sepsis (LOS) is defined as infection of a sterile site (e.g., blood, urine, 
cerebrospinal fluid [CSF]) after age 72 h [1, 2]. The only exception is that the cur-
rent definition of late-onset group B Streptococcus (GBS) infection begins after age 
7 days, with the first week of life being considered early-onset sepsis [3]. The pri-
mary risk factor for LOS is prematurity; the most preterm infants are at highest risk 
for LOS. Approximately 25–30% of extremely low birth weight (ELBW, <1000 g) 
infants will have LOS during their NICU stay [1, 4]. This number decreases to about 
10–15% for infants 1001–1500 g birth weight and to <2% for infants >1500 g birth 
weight [2, 5, 6].

The organisms responsible for LOS vary over time and between locations. Yale 
New Haven Hospital has produced a series of reports describing the changing pat-
terns of organisms responsible for LOS from 1928 to 2003 showing the evolution of 
LOS over almost a century [7–12]. Prior to introduction of antibiotics in the 1930s 
and 1940s, gram-positive cocci, including Staphylococcus aureus and Streptococcus 
pyogenes (group A strep), were responsible for the majority of neonatal sepsis. 
Once antibiotics were introduced, gram-negative enteric bacilli such as Escherichia 
coli became the leading cause of serious infections in newborn.

However, over the last several decades, coagulase-negative Staphylococcus 
(CoNS) species have emerged as the most commonly identified organism in LOS 
(Table 1). This may be due to increased survival of the most preterm infants and a 
concomitant increase in reliance on indwelling catheters and other medical devices. 
Other gram-positives such as S. aureus, GBS, Enterococcus, and others; gram- 
negatives including E. coli and other coliforms; Pseudomonas, Serratia, and others; 
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and fungal species (primarily Candida; see chapter “Candida”) are frequently 
encountered causes of LOS [1–6].

 Pathogenesis

LOS has a distinct pathogenesis compared with early-onset sepsis (Table  2). In 
contrast to early-onset sepsis, which is acquired during the perinatal period (see 
chapter “Early-Onset Sepsis”) and is caused by organisms common to the delivery 
tract such as GBS or E. coli, LOS is caused by acquisition of pathogenic organisms 
during the postnatal period, colonization, and subsequent invasion [13]. These dif-
ferences manifest as later presentation (hence the 72 h cutoff between early-onset 
and late-onset sepsis) and a broader range of causative organisms. Horizontal trans-
fer of pathogenic bacteria on contaminated hands or medical equipment leads to 
either immediate invasion (e.g., if bacteria are infused in a contaminated infusion or 
procedure) or colonization of the skin, mucous membranes, or gastrointestinal tract. 
Colonized infants can then develop subsequent invasion either by autoinoculation 
(e.g., if their stool comes in contact with a central catheter hub) or translocation 
directly into the bloodstream [14]. Unsurprisingly, therefore, the causative organism 
of LOS is often one that the infant is already colonized with [15].

Once an organism reaches the bloodstream, it can cause a nonspecific sepsis 
syndrome or it can localize to one or more body sites and cause focal infection. In 
addition, some cases of LOS are caused by direct infection of a body site without 
preceding bacteremia; examples include ascending urinary tract infection, direct 

Table 1 Organisms 
associated with late-onset 
sepsis and their approximate 
prevalence

Organism Frequency
Gram-positives 75%
  Coagulase-negative staphylococci 60–70%
  Staphylococcus aureusa 10%
  Group B streptococci 3–5%
  Enterococcus sp. 3–5%
  Group A streptococci 1–2%
Gram-negatives 20%
  Escherichia coli 5–7% each
  Klebsiella
  Enterobacter
  Citrobacter 1–2% each
  Pseudomonas
  Serratia
  Others
Candida sp. 5%

aIn the United States, approximately 75% of isolates 
are methicillin-susceptible and 25% are methicillin- 
resistant, but proportion varies between neonatal 
intensive care units
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inoculation of skin or soft tissue during phlebotomy, or ventilator-associated 
pneumonia.

 Clinical Findings

The initial signs of LOS are often subtle and nonspecific such as decreased activ-
ity, poor feeding, lethargy, apnea, fever or hypothermia, respiratory distress, and 
jaundice [16, 17]. As a result, sepsis evaluations are often performed when clini-
cal changes are detected, since virtually every finding has been associated with 
sepsis. In an effort to improve specificity, clinical prediction models that use 
trends in vital signs, propensity scores, or laboratory values have been used with 
varying degrees of success [18–20]. In some cases, more specific localizing find-
ings may be present (Table 3). For example, osteomyelitis may present with pseu-
doparalysis or irritability with movement of the affected limb. Skin and soft tissue 
infections can present with skin changes or swelling. Meningitis may present with 
seizures. However, focal infection is possible even when localizing signs are 
absent [21].

 Diagnosis

The diagnosis of LOS based solely on clinical signs is not possible due to the non-
specific nature of the presentation [22]. The gold standard for diagnosis is isolation 
of a pathogen from a normally sterile site (blood, CSF, urine, pleural or peritoneal 
fluid, bone or joint aspirate) [23]. For non-sterile sites such as the upper respiratory 
tract or the skin, culture remains critical but should be used in conjunction with 
clinical findings and pretest probability of sepsis.

Table 2 Early-onset versus late-onset sepsis in neonates and young infants

Early-onset sepsis Late-onset sepsis
Etiology ~40% GBS

~30% E. coli
~30% other

1. Coagulase-negative Staphylococcus
2. Staphylococcus aureus
3. E. coli and other gram-negatives
4. GBS and other gram-positives
5. Candida

Age of onset Age ≤ 72 h Age > 72 h

Time of 
acquisition

Before or during delivery After delivery

Mode of 
acquisition

Perinatal (mother-to-infant 
transmission)

Postnatal (acquired from hospital 
environment and community)

Clinical 
findings

Rapid onset
Systemic disease more 
common than focal infection
Bacteremia/pneumonia 
common

Onset may be slower or fulminant
Focal infection (e.g., meningitis, 
osteomyelitis, urinary tract infection) more 
likely

Late-Onset Sepsis
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 Cultures

Blood culture. A blood sample of at least 1 mL ensures excellent sensitivity [24]. 
Sending two cultures from two different sites will help to differentiate contaminants 
(e.g., if CoNS grows in one culture but not the other) but requires a second blood 
draw and does not improve sensitivity compared to an equal volume of blood 
obtained from a single site. Of note, Candida will grow in regular blood culture 
media; specific fungal cultures are not required.

Table 3 Clinical findings, approach to diagnosis, and treatment of common systemic and focal 
manifestations of late-onset sepsis

Condition Clinical findings Diagnosis Antibiotic treatmenta

Bacteremia • Decreased activity
• Poor feeding
• Lethargy
• Hypotension
•  Apnea, bradycardia, or 

desaturations
• Temperature instability
•  Respiratory distress or failure
• Jaundice
•  Leukopenia or leukocytosis
• Thrombocytopenia
• Anemia

• Blood culture 7–10 days

Meningitis •  Similar to bacteremia AND:
• Seizures
•  Lethargy/unresponsiveness
• Bulging fontanelle
• Nuchal rigidity

•  Cerebrospinal 
fluid culture

14–21 days

Urinary tract 
infection

• Similar to bacteremia • Urine culture 7–10 days

Osteomyelitis or 
septic arthritis

• Decreased movement
• Pseudoparalysis
•  Irritability with passive 

movement
• Swelling or redness

• Blood culture
•  Bone or joint fluid 

culture
•  Radiographic 

changes

21–42 days

Pneumonia •  Respiratory deterioration or 
failure

•  New findings on chest 
radiographs

• Changes in sputum

•  Endotracheal tube 
cultureb

•  Radiographic 
changes

5–7 days

Skin and soft 
tissue

• Redness
• Swelling
• Drainage
• Induration or fluctuance

• Wound cultureb Drainage procedure
and
antibiotics until 
clinical findings 
resolve (5–7 days)

aTreatment durations are guides only; duration of therapy should take into consideration infant’s 
clinical status, response to therapy, persistence of any infected material, etc.
bCulture of non-sterile sites such as upper airway and skin should be interpreted with caution
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Urine culture. Urine culture should be obtained in all cases of suspected LOS; 
5–10% of LOS cases are due to isolated urinary tract infection [25, 26]. Urine 
should be obtained by catheterization or suprapubic aspiration; bag specimens are 
frequently contaminated. The value of urinalysis in preterm infants has not been 
well studied, but the absence of leukocyte esterase, nitrites, or pyuria does not pre-
clude the possibility of UTI in preterm infants [27].

Cerebrospinal fluid culture. Lumbar puncture for CSF analysis and culture is 
critical for infants with suspected LOS. Approximately 5% of infants with LOS 
have associated meningitis, and one-third of infants with meningitis have sterile 
blood cultures [21, 28]. Therefore, if blood cultures alone are utilized, cases of men-
ingitis will inevitably be missed [29, 30]. Meningitis requires different antimicro-
bial therapy and a longer duration of treatment than other LOS, and therefore 
determining the presence or absence of meningitis is a critical step in the evaluation 
of LOS.

Endotracheal tube cultures. Endotracheal tubes are rapidly colonized by normal 
upper airway flora shortly after placement [31]. Therefore, detection of bacteria 
from endotracheal tube culture may represent either colonization or infection. When 
the pretest probability of lower respiratory tract disease is low (e.g., when another 
source of infection is likely or in the absence of radiographic or clinical changes), 
positive tracheal cultures are virtually worthless. Therefore, endotracheal tube cul-
tures should only be considered when both clinical and radiographic findings are 
suggestive of pneumonia. In contrast, bronchoalveolar lavage specimens from the 
lower respiratory tract would be expected to be sterile and therefore are more help-
ful. However, bronchoalveolar lavage is not routinely available for preterm infants 
in most centers.

Skin cultures. As with the upper airway, the skin is not sterile. Normal cutaneous 
flora includes CoNS, Corynebacterium and other diphtheroids, and other gram- 
positives. Colonization with potential pathogens including group A streptococci, S. 
aureus, and Candida can also be identified and must be differentiated from active 
infection [32]. Interpretation of culture results should be done in consideration of 
the infant’s clinical status.

Other cultures. Other sterile sites can be sampled for culture under specific situ-
ations. Infants with suspected bone or joint infections can undergo percutaneous 
aspiration of bone or synovial fluid [33]. Peritoneal fluid can be obtained during 
drain placement or laparotomy. Pericardial or pleural fluid may be obtained during 
drainage procedures. In general, fluid should be sent for cytology, gram stain, and 
culture whenever infection is suspected; providing as much detail as possible to the 
microbiology lab regarding patient history and sample source will ensure that the 
cultures are processed appropriately.

 Non-culture-Based Microbiologic Tests

PCR and nucleic acid-based testing, rapid antigen detection, direct fluorescent anti-
body testing, and other similar tests may be available. These tests vary in terms of 
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sensitivity and specificity and at present do not preclude the need for bacterial cul-
tures. PCR in particular is becoming increasingly prevalent. Benefits to PCR include 
its impressive sensitivity and rapid turnaround time. However, PCR testing of blood 
or spinal fluid has been associated with false-positive results. PCR will also detect 
dead bacteria that has been previously treated or resolved, which may prompt addi-
tional, unnecessary antibiotic therapy [34]. As PCR is increasingly used and stud-
ied, our understanding of how it fits into the clinical management of these infants 
will grow.

 Ancillary Laboratory Testing

Ancillary lab tests such as white blood cell counts and differentials, C-reactive pro-
tein, procalcitonin, and others are often used to determine an infant’s risk for infec-
tion. Although these tests have been relatively well-studied for suspected early-onset 
sepsis, validation for late-onset sepsis has not been as robust. In most cases, the 
normative values for age <72 h have been extrapolated out to older ages. The evi-
dence suggests that these ancillary tests have reasonably good negative predictive 
value but poor positive predictive value [35, 36]. This means that normal ancillary 
testing will support discontinuation of antibiotic therapy in an infant with sterile 
culture results. However, abnormal laboratory tests should not be used as a reason 
to extend therapy for children with sterile culture results, particularly if their clinical 
findings are resolved or improving.

 Treatment

 Empiric Therapy

Since sepsis has significant clinical implications and can progress rapidly, empiric 
antimicrobial therapy should be initiated promptly when LOS is suspected. An 
understanding of local epidemiology (for the patient in question, within the nursery, 
and within the hospital or community) is essential in order to choose appropriate 
empiric therapy. In general, empiric therapy for LOS should include coverage 
against common hospital-acquired organisms such as S. aureus and gram-negative 
enteric bacilli (Fig. 1). The use of empiric antifungal therapy depends on the inci-
dence of Candida in the nursery, the gestational age of the infant, and severity of 
presentation (see chapter “Candida”).

Default empiric therapy with a semisynthetic penicillin (e.g., oxacillin, nafcillin) 
will provide coverage against methicillin-susceptible S. aureus, GBS, and group A 
Streptococcus. An aminoglycoside (e.g., gentamicin, tobramycin) should be used in 
combination to provide coverage against most gram-negative organisms. Other anti-
biotics should be used in certain situations:

Vancomycin. Although CoNS is the most common cause of LOS, it is not associ-
ated with mortality or significant morbidity, and therefore empiric vancomycin can 
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be withheld until CoNS infection is confirmed [37]. However, vancomycin should 
be used empirically when an infant who is known to be colonized with methicillin- 
resistant S. aureus has suspected LOS or when an infant with suspected LOS is criti-
cally ill (e.g., hypotensive, acute respiratory failure, DIC). Vancomycin should be 
used for definitive treatment when required, usually for CoNS (which is usually 
resistant to oxacillin) and methicillin-resistant S. aureus [38].

Suspected infection in
infant age ≥72 hours

≥Stage II NEC

Obtain blood culture (≥1 mL)
Obtain urine culture

Obtain cerebrospinal fluid for indices and culture

Concern for late-
onset sepsis

No

No

No

No

No

Yes

Yes
Concern for meningitis?

Critically ill?

MRSA colonized?

ESBL colonized?

Start oxacillin and gentamicin

Yes

Yes

Yes

Stage I NEC

Start vancomycin and cefotaxime

Start vancomycin and
piperacillin/tazobactam

Start vancomycin and gentamicin

Start meropenem

Obtain blood culture (≥1 mL)
Bowel rest

Start piperacillin/tazobactam

Concern for necrotizing
enterocolitis (NEC)

Pneumatosis, “Sentinel” loop,
pneumatosis, portal venous
gas, or free air on imaging?

Fig. 1 Approach to suspected late-onset sepsis in the neonatal intensive care unit. For infants with 
suspected late-onset sepsis or stage I necrotizing enterocolitis (NEC), which has significant over-
lap with late-onset sepsis, cultures of blood, urine, and cerebrospinal fluid should be obtained. 
Oxacillin (or a similar semisynthetic penicillin) and gentamicin (or another aminoglycoside) 
should then be started promptly in most cases. Exceptions include (1) when meningitis is sus-
pected based on clinical findings or cerebrospinal fluid indices (vancomycin and cefotaxime), (2) 
if the infant is critically ill (generally defined as new requirement for pressors, disseminated intra-
vascular coagulation, or acute and severe respiratory failure; vancomycin and piperacillin/tazobac-
tam), and (3) if the infant is known to be colonized with methicillin-resistant Staphylococcus 
aureus (vancomycin in lieu of oxacillin) or an extended-spectrum beta-lactamase- (ESBL) produc-
ing gram-negative organism (meropenem in lieu of oxacillin and gentamicin). Note that if NEC is 
confirmed (stage II or higher), then cerebrospinal fluid and urine cultures are not required and 
piperacillin/tazobactam should be started once blood culture is obtained
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Cephalosporins. Third- and fourth-generation cephalosporins (e.g., cefotaxime, 
ceftriaxone, cefepime) are associated with increased antibiotic resistance and 
increased risk for Candida in the neonatal intensive care unit [39, 40]. Therefore, 
their use should be restricted to three clinical situations:

 1. Treatment of suspected or proven gonococcal disease (see chapter “Neonatal 
Conjunctivitis”)

 2. Treatment of suspected or proven gram-negative meningitis
 3. Treatment of early- or late-onset sepsis among infants with significant renal dys-

function for whom aminoglycosides are contraindicated

Piperacillin/tazobactam. In addition to gram-negative coverage, piperacillin/
tazobactam also provides good activity against Pseudomonas and anaerobes. It can 
be used for the treatment of proven or suspected necrotizing enterocolitis (see chap-
ter “Necrotizing Enterocolitis”) or as a first- or second-line agent for critically ill 
infants with suspected LOS. However, it is unnecessarily broad for routine empiric 
use compared with aminoglycosides.

Meropenem. Carbapenems such as meropenem should be reserved for infections 
with extended-spectrum beta-lactamase-producing gram-negative organisms.

 Definitive Therapy

If a pathogen is identified in culture, empiric therapy should be converted to defini-
tive therapy by choosing the narrowest effective agent that will reach the infected 
compartment(s). Since the optimal duration of therapy has not been well established 
for LOS, treatment durations vary widely (Table  3). Source control is critically 
important in treating LOS; infected catheters or tubes should be removed whenever 
possible, and purulent collections should be drained.

 Prevention

Since the majority of LOS episodes are associated with nosocomial transmission of 
and infection with pathogenic bacteria, prevention is largely centered around appro-
priate infection control practices. Consistent hand hygiene practices are the single 
most important aspect of prevention in the NICU setting [41]. Meticulous care prac-
tices during insertion and maintenance of indwelling hardware, particularly central 
venous catheters, can markedly reduce the risk for late-onset bacteremia (see chap-
ter “Principles of Infection Prevention in the Nursery”) [42]. Avoiding placement of 
catheters and removing them as soon as they are no longer needed is critical.

Other well-studied strategies include the increased use of human milk and anti-
biotic stewardship programs (see chapter “Antibiotic Stewardship”). There has been 
increasing attention paid to the use of probiotic agents for the prevention of sepsis 
or necrotizing enterocolitis; early studies appear promising [43].
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Necrotizing Enterocolitis

Sarah Henen and Jennifer Duchon

 Epidemiology

The incidence of NEC varies greatly between NICUs, with an overall incidence of 
approximately 5% for all infants <32 weeks gestation [1]. The incidence increases 
as gestational age and birth weight decrease, with an incidence of approximately 
12% in infants born between 501 and 750 g, and approximately 9% in infants with 
a birth weight of less than 1500 g [2]. However, full-term infants comprise 10% of 
NEC cases [3]. There does not appear to be a differential incidence by sex, and the 
role of race in NEC is unclear. Outbreaks of NEC have been described, lending sup-
port to bacterial or viral agents contributing to disease.

 Pathogenesis

NEC is typically described as a multifactorial disease with many predisposing ele-
ments interacting with each other in a complex manner, making the contribution of 
individual risk factors difficult to assess. As well, most studies evaluating risk fac-
tors are retrospective, showing associations but not causation. Most unifying theo-
ries about the etiology of NEC involve a combination of abnormal inflammatory 
response (both systemically and in the gut environment), colonization of intestinal 
mucosa by pathogenic bacteria (dysbiosis), and abnormal vascular regulation in a 
vulnerable host with intestinal immaturity [3].
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Prematurity is the single most consistent risk factor for NEC, with the incidence 
of the disease inversely proportional to gestational age [2, 4, 5]. Low birth weight, 
independent of gestational age, has been cited as a risk factor, implying that prenatal 
factors that cause growth restriction can predispose the developing gut to be vulner-
able to NEC [6, 7]. Other risk factors include infants born to mothers with chorio-
amnionitis, preterm premature rupture of membranes, and neonatal sepsis, all of 
which presumably increase risk by increasing inflammation [8]. Infants who have 
experienced hypotension have been shown to be at higher risk of NEC, and the 
association between NEC and a hemodynamically significant patent ductus arterio-
sus has been described, with the “steal” of blood flow from the ductus implicated in 
vascular compromise of the preterm intestine [9, 10].

Enteral feeding practices and use of medications, specifically antibiotics and 
histamine- 2 (H2) antagonists, are well-established targets for interventions to pre-
vent NEC.

Enteral feeding. Most infants who get NEC have been fed; however, most infants 
who are fed do not develop NEC. The optimal feeding strategy for preterm infants 
is unknown; the optimal rate of advancement, target volume, and composition of 
enteral feeds in infants at risk for NEC are unclear. Many studies clearly show the 
protective effect of human milk, and this has led to the extrapolation of formula use 
as a risk factor for NEC [11, 12]. Most authors would cite prolonged delay in initia-
tion of feeds and exclusive use of formula in place of breast milk as risk factors for 
NEC. High osmolarity of feeds via the use of bovine fortification products and rapid 
advancement of feeds (>30 cc/kg/day) are felt to be associated with NEC; however, 
the optimal osmolar threshold and timing of feeding fortification and advancement 
to promote growth but mitigate NEC risk are unclear.

Antibiotic use. Several observational studies have shown and increased risk of 
NEC or death with prolonged (typically ≥5 days) duration of antibiotics in the early 
neonatal period. This association is now felt to be mediated by changes in the intes-
tinal microbiome [13, 14]. These epidemiologic studies are being confirmed with 
the advent of techniques that allow rapid and detailed identification of the intestinal 
microbial community. Through amplification and sequencing of the 16S ribosomal 
RNA subunit DNA or whole-genome sequencing, the contribution of the neonatal 
microbiome to the development of NEC has become clear. Infants with NEC have 
been shown to have a higher predominance of gram-negative organisms and a 
decreased diversity of bacteria prior to disease onset [15].

H2 Antagonists. Infants receiving H2 blockers (e.g., ranitidine, cimetidine, 
famotidine) have shown an increased risk of NEC. The mechanism of this associa-
tion is also likely mediated in part by the alterations in the gut microbiome as well 
through loss of the protective effect of lowered gastric pH [16, 17].

Packed Red Blood Cell (PRBC) Transfusion. NEC temporally related to PRBC 
transfusion is well described and often termed transfusion-associated acute gut 
injury. Although the mechanism of this association is not clear, both age of blood, 
changes in mesenteric vascular regulation during transfusion, and degree of anemia 
at transfusion have been implicated [18, 19].
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Full-term infants who develop NEC have a unique risk factor profile, likely 
because NEC in these infants is due to different underlying processes. Intestinal 
anomalies such as gastroschisis or Hirschsprung’s disease, cyanotic congenital 
heart disease, maternal cocaine use, perinatal asphyxia, and growth restriction 
have been linked to NEC in term and near-term infants. This risk factor profile 
suggests perinatal or congenital conditions which result in reduced blood flow to 
the neonatal intestine as an important consideration in older infants who develop 
NEC [20, 21].

 Clinical Findings

The age at presentation of NEC is inversely proportional to gestational age. In the 
smallest infants, the median time to onset is approximately 20 days of life, corre-
sponding to a post-menstrual age of 28–32  weeks, when patients are typically 
beginning the convalescent phase of extreme prematurity [22]. Full-term or late 
preterm infants typically present within the first week of life, again indicating the 
strong contribution of perinatal insults or congenital conditions.

Clinical signs. The initial stages of NEC are comprised of non-specific signs and 
symptoms which overlap with other conditions such as sepsis, apnea, or feeding 
intolerance. Increased episodes of apnea, temperature instability, decreased activity 
level, oliguria, as well as intestinal signs such as feeding intolerance and abdominal 
distention may be present. More specific local signs include abdominal tenderness 
and bloody stool; abdominal wall erythema and abdominal mass are specific signs 
of NEC but often difficult to discern [23, 24]. Infants may rapidly progress to severe 
systemic signs, such as hypotension, circulatory arrest, renal failure, or respiratory 
failure.

Laboratory signs. Abnormal lab indices include abnormal serum glucose, hypo-
natremia, leukopenia, neutropenia, thrombocytopenia, and accompanying anemia. 
Elevated inflammatory makers are typically present. Severely affected patients will 
show metabolic acidosis and associated hyperkalemia as well as disseminated intra-
vascular coagulopathy (DIC) [25]. Elevated eosinophil count, when present, may be 
specific for NEC.

Radiographic signs. Pneumatosis intestinalis, or the projection of gas in the 
bowel wall as seen on X-ray, is the pathognomonic finding of NEC. Portal venous 
gas, which is an extension of this intraluminal air into the portal venous system, is 
also classic radiographic criterion of NEC. Infants who progress to intestinal per-
foration may display free intraperitoneal air on radiographs; this can be illustrated 
by the “football sign,” an illumination of the falciform ligament by free intra- 
abdominal air. Other, less specific findings of NEC that may overlap with other 
conditions are fixed and/or dilated intestinal loops of bowel, bowel wall edema, 
and/or stacked loops of bowel with or without air fluid levels [23, 26]. Figure 1 
shows radiographic examples of pneumatosis, portal venous gas, and 
perforation.
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Fig. 1 Radiographic findings of necrotizing enterocolitis. (a) Pneumatosis intestinalis (lower 
arrow) and portal venous gas (upper arrow); (b) free intraperitoneal air as seen on a decubitus 
radiograph. Used with permission from [23]
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 Diagnosis

The diagnosis of NEC is based on a combination of clinical, radiological, and lab 
findings as mentioned above. Historically, the most common clinical staging system 
is the modified Bell’s staging (Table 1), which categorizes NEC into Stages I, II, and 
III (i.e., suspected, definite, and advanced/surgical) [27–29]. The Centers for 
Disease Control and Prevention National Healthcare Safety Network (NHSN) has 
also developed diagnostic criteria for NEC, which is categorized as a healthcare- 
acquired infection [30]. These overlap with the Vermont Oxford Network definition 
of NEC, which is widely used for quality assurance and research purposes among 
nurseries [31].

Table 1 Modified Bell’s staging for necrotizing enterocolitis (NEC)

Stage
Classification 
of NEC Systemic signs

Abdominal 
signs

Radiographic 
signs Treatment

IA Suspected Temperature 
instability, apnea, 
bradycardia, 
lethargy

Gastric 
residuals, 
abdominal 
distention, 
emesis, occult 
blood in stool

Normal or 
intestinal dilation, 
mild ileus

NPO, 
antibiotics for 
3 days, pending 
cultures and 
stomach 
decompression

IB Suspected Same as IA Grossly bloody 
stool

Same as above Same as IA

IIA Definite, 
mildly ill

Same as IA Same as above; 
plus absent 
bowel sounds, 
+/− abdominal 
tenderness

Intestinal dilation, 
ileus, pneumatosis 
intestinalis

Same as IA; 
NPO and 
antibiotics for 
7–10 days

IIB Definite, 
moderately 
ill

Same as IA, plus 
mild metabolic 
acidosis and 
thrombocytopenia

Same as above; 
absent bowel 
sounds, definite 
tenderness, 
+/− abdominal 
cellulitis or 
mass

Same as IIA, 
+/− ascites, 
+/− portal venous 
gas

Same as IIA, 
NPO and 
antibiotics for 
14 days

IIIA Advanced, 
severely ill, 
intact bowel

Same as above, 
plus hypotension, 
bradycardia, 
apnea, severe 
acidosis, DIC, 
and neutropenia

Same as above, 
plus signs of 
peritonitis, 
marked 
tenderness, and 
abdominal 
distention

Same as IIA, plus 
definite ascites

Same as IIB 
plus volume 
replacement, 
inotropic and 
ventilator 
support. If no 
improvement, 
consider 
surgical 
intervention

IIIB Advanced, 
severely ill, 
perforated 
bowel

Same as IIIA Same as IIIA Same as IIIA, plus 
pneumoperitoneum

Same as IIIA 
plus surgical 
intervention

DIC disseminated intravascular coagulation. Adapted from 26–28
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Table 2 Clinical features of spontaneous intestinal perforation versus necrotizing enterocolitis

Spontaneous intestinal perforation Necrotizing enterocolitis
Onset Age < 10 days Age > 14 days
Abdominal signs
  Distention +++ +++
  Erythema − +

  Tenderness +/− +++

  Bilious aspirates ++/− ++

Laboratory markers
  Leukopenia/neutropenia − +++

  Thrombocytopenia − +++

  DIC − ++

Physiologic signs
  Apnea +/− ++

  Temperature Instability − ++

  Hypoperfusion/shock − +++

Radiographic signs
  Pneumatosis intestinalis − +++/−
  Hepatobiliary gas − ++/−
  Pneumoperitoneum +++ ++/−

DIC disseminated intravascular coagulation

These classification systems are often used as a diagnostic tool, although Bell 
criteria are meant to be applied to infants already diagnosed with NEC. Abdominal 
radiographs in preterm neonates may be difficult to evaluate, and diagnosis of radio-
graphic findings such as pneumatosis intestinalis may vary from reader to reader 
[26, 32, 33]. Some infants with severe disease requiring surgical management never 
develop pneumatosis or portal venous gas. Additionally, NEC in very preterm 
infants may not present with bloody stools. In this population, intestinal necrosis 
develops proximal to the ileocecal valve; when ileus is present, blood will fail to 
pass into the distal part of the colon. Pneumoperitoneum on radiographs may or 
may not be associated with intestinal necrosis; spontaneous intestinal perforation – 
an entity which is clinically and pathologically distinct from NEC – often presents 
as free air in the abdominal cavity. Table 2 highlights the differences between SIP 
and NEC. Rarely, dissected air from the pleural cavity in infants with severe lung 
disease or pneumothorax may present with pneumoperitoneum [34, 35]. 
Ultrasonography may detect bowel wall edema, pneumatosis, alterations in the 
intestinal vascular state, ascites, or intra-abdominal collections in infants with 
NEC. This technique provides specificity of diagnosis but requires both operator 
skill and an experience in interpretation [36, 37].

As discussed, many laboratory abnormalities occur with NEC, and inflammatory 
markers are usually quite elevated. However, specific serum, urine, or stool bio-
markers have not yet been validated. Intestinal fatty acid-binding protein, a protein 
present in enterocytes and released with cell injury; fecal calprotectin, released from 
neutrophils during an inflammatory response; and serum amyloid A and IL-8, 
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general markers of inflammation, have been studied alone or in combination. 
However, none are in widespread use, and normal values in infants have not been 
established [38, 39].

 Treatment

Treatment for NEC includes bowel decompression and rest, fluid resuscitation, anti-
biotic therapy, and supportive care.

Medical Therapy. Antibiotic treatment is indicated as bacteremia occurs in 
20–30% in infants with NEC primarily from translocation of organisms through a 
compromised intestinal barrier [40]. The superiority of one regimen over another 
has not been well established by clinical trials. Most regimens consist of broad 
gram-negative and anaerobic coverage (e.g., ampicillin AND an aminoglycoside ± 
clindamycin or metronidazole, or piperacillin/tazobactam ± an aminoglycoside). 
Use of vancomycin is not routinely indicated but could be considered if the infant is 
colonized with methicillin-resistant Staphylococcus aureus. Although studies exist 
linking the addition of anaerobic therapy with later stricture formation, authors of a 
large multicenter cohort study note that this association is most likely caused by a 
“survival bias” in infants treated with these agents who then live to develop stric-
tures [41, 42]. Duration of therapy is generally 10–14 days for medical NEC and 
may be longer for disease requiring surgical intervention. Most providers also con-
tinue bowel rest for this duration. However, as with antibiotic choice, no evidenced- 
based recommendations for resumption of feeding or cessation of antibiotics exist, 
and shorter courses of both may be indicated when evidence of intestinal inflamma-
tion has remitted.

Surgical Therapy. Pneumoperitoneum is an indication for urgent surgical inter-
vention in infants with NEC. Treatment options include either primary peritoneal 
drain and/or exploratory laparotomy. Studies have failed to show consistent benefits 
of one approach [43, 44]. Relative indications for surgical exploration include 
refractory thrombocytopenia, acidosis, or shock, all of which may be indicative of 
necrotic bowel. The decision to operate and the specific intervention should be 
determined in collaboration with the pediatric surgeon. Weighing the risks and ben-
efits of performing an operation on a severely ill neonate is always challenging; 
additionally, demarcating unsalvageable bowel from that which could potentially 
recover is not always a clear-cut surgical decision.

 Prevention

Prevention of NEC is based on targeting modifiable risk factors.
Feeding Strategies

 1. Swabbing of the mouth with colostrum may be protective against NEC by stimu-
lating the production of secretory IgA and lactoferrin, substances known to have 
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a protective effect on the intestinal mucosa, and specifically targeting gram- 
negative bacteria [45].

 2. As previously stated, feeding with mother’s own milk has been shown to be pro-
tective against NEC, and maternal support and resources for breastfeeding and 
providing fresh expressed milk should be provided from birth. The amount and 
duration of milk provided needed to provide optimal protection is unclear, but 
exclusive use of breast milk should be a goal for as long as feasible for mother 
and infant [11, 12, 46–48]. The benefits of pasteurized donor or processed human 
milk products over formula are still unclear [49, 50].

 3. The decision of when to initiate feeds, especially in in the smallest infants, is 
much debated and displays both inter- and intra-institution variability. A period 
of trophic feeding (approximately 10–20 cc/kg/day) initiated within 24–72 h of 
birth, followed by advancement of 20–30 cc/kg/day of milk, is generally consid-
ered as acceptable method of feeding very-low-birth-weight (<1500 g) infants. 
More aggressive pathways may be safe and preferable in larger infants to reduce 
central line and parenteral nutrition [51].

 4. Despite a lack of precise evidence on the “correct” feeding strategy, there is clear 
evidence that the mere presence of a unit-wide standardized feeding protocol is 
preventative for NEC [52–54].

Medication Stewardship. Several studies have linked the prolonged use of antibi-
otics in the early neonatal period with an increase in NEC through the manipulation 
of the microbiome with a shift toward aberrant colonization, or dysbiosis. H2 antag-
onists (i.e., ranitidine, famotidine, cimetidine) are also associated with increased 
odds of NEC (and Candida—see chapter “Candida”) [13, 14, 16, 17]. Recognition 
of this association has led to successful reduction in utilization of both medications, 
as well as development of antimicrobial stewardship programs targeted to the NICU 
population [55, 56]. Antimicrobial stewardship strategies are further discussed in 
chapter “Antibiotic Stewardship.”

Probiotics. Probiotics have been shown in randomized trials and subsequent 
meta-analyses to be protective against NEC, primarily through the establishment of 
favorable intestinal microbiota in preterm infants. The most common strains used in 
the United States are Lactobacillus acidophilus, Bifidobacterium infantis, and 
Lactobacillus rhamnosus. Though the trials are compelling, there is a great deal of 
heterogeneity in the exposure [57–60]. As such, administration of probiotics for the 
prevention of NEC is not recommended by the American Academy of Pediatrics 
due to the lack of a commercial formulation that has been studied for dose, consis-
tency, and safety. Case reports of bacteremia with study products, as well as infec-
tion from impure products, have been reported [61, 62].

Other Biologic Agents. The role of epidermal growth factors, prebiotics, gluta-
mine, and oral lactoferrin on mitigating the risk of NEC has not yet been confirmed, 
with investigations into these products, particularly prebiotics, presently underway 
[63–66].

Quality Improvement Initiatives. Implementing the above preventative measures 
as bundled strategies rather than individual interventions alone is the most effective 
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approach to reducing NEC [67, 68]. Clinical risk assessment tools such as GutCheck 
[69], developed and validated by a large national dataset, highlight the need for 
timely provider awareness with a focus on multifactorial nature of risk factor pro-
files in preterm infants. Predictive models for NEC integrating real-time patient data 
and machine learning to predict impending disease are exciting uses of technology 
[70, 71].
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 Epidemiology

 Epidemiology and Case Definition

Invasive Candida infections (ICI) are defined as the presence of Candida species in 
a body fluid or tissue sample and include bloodstream infections (BSI), urinary tract 
infections (UTI), peritonitis, meningitis, cutaneous candidiasis, and any infection of 
otherwise sterile tissue, such as bones and joints [1]. These invasive infections are 
diagnosed based on a positive culture of blood, urine, cerebrospinal fluid (CSF), 
peritoneal fluid, or tissue. For congenital cutaneous candidiasis, diagnosis requires 
a diffuse rash with identification of Candida or yeast from the skin, placenta, or 
umbilical cord [2]. These ICIs can disseminate directly or hematogenously through-
out the body, even in spite of antifungal therapy. This can lead to end-organ abscesses 
and damage of the heart, kidneys, brain, liver, spleen, bone, and joints.

The majority of ICI in the neonatal intensive care unit (NICU) are due to Candida 
albicans (~ 50%), followed by C. parapsilosis, and to a lesser degree by C. gla-
brata. Infections due to C. tropicalis, C. lusitania, C. krusei, C. guilliermondii, and 
other species occur less frequently. C. albicans is the most pathogenic of the 
Candida species, with mortality rates two to three times higher compared with non- 
albicans candidemia [3].
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There is variation between rates of ICI in NICUs as well as the incidence reported 
in the literature due to the following factors:

• Many studies only include candidemia and/or meningitis, not all ICIs as defined 
above.

• Considerable variation exists due to gestational age or birth weight cutoffs for 
resuscitation of extremely preterm infants. NICUs that do not resuscitate infants 
<25 weeks, for example, would have a lower rate of ICI in infants <1000 g com-
pared with centers caring for infants equal or less than 24-week gestation.

• Rates vary depending if infants with necrotizing enterocolitis (NEC), gastroschi-
sis, and other complex gastrointestinal diseases are cared for or transferred to a 
tertiary center [4, 5].

• Infection control, medication practices, and use of antifungal prophylaxis are 
major factors effecting ICI rates. Antifungal prophylaxis is associated with low-
est rates (nearly eliminating these infections) even in the highest-risk patients of 
the lowest gestational ages (<26 weeks) and birth weights (<750 g) [6–11].

 Risk Factors

Prematurity. In the absence of antifungal prophylaxis, the incidence of ICI in 
extremely low birth weight (ELBW; <1000  g) infants, not including congenital 
cutaneous candidiasis, is around 10% [12]. The incidence decreases from >20% at 
23 weeks gestation to 3% at 28 weeks gestation. Although bloodstream infections 
account for the majority of ICI, Candida UTIs account for an additional 3–4%, and 
meningitis and peritonitis (complicating any bowel perforation) contribute an addi-
tional 1–2% [6–11, 13]. The average candidemia rates are much lower in larger 
infants (1.32%, 0.36%, and 0.29% for birth weights of 1001–1500, 1501–2500, and 
> 2500 g, respectively) [14].

Medications. Proliferation is favorable under certain conditions such as when 
antibiotics eradicate competitive flora, H2 blockers or proton pump inhibitors (PPIs) 
reduce stomach acidity, which is an important defense against Candida, or when 
postnatal steroid exposure impairs granulocyte function. Longer antibiotic duration 
or exposure to multiple antibiotics, particularly third- and fourth- generation cepha-
losporins or carbapenems, is associated with increasing risk for ICI [12, 15, 16]. 
Dexamethasone and high-dose hydrocortisone (>1 mg/kg/day) are associated with 
increased incidence of ICI, but physiologic dosing of hydrocortisone (≤1 mg/kg/
day) does not appear to increase risk [17–19].

Lines, Tubes, and Feedings. Central venous catheters, endotracheal tubes, and 
certain feeding practices increase the risk of ICI. Prospective epidemiologic studies 
have found an association with infants who do not receive enteral feedings by age 
3 days and candidiasis, which may be related to patient factors or the effect of feed-
ing [20]. Infants who receive increased amounts of fresh expressed human milk 
from their mothers have fewer bacterial infections, but studies have not demon-
strated a decrease in ICI.
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Gastrointestinal Pathology and Abdominal Surgery. Gastrointestinal pathology 
is associated with an increased risk for candidemia in patients with NEC, gastros-
chisis, Hirschsprung’s disease, omphalocele, intestinal atresia, or tracheoesopha-
geal fistula [4, 5].

 Pathogenesis

Candida pathogenesis involves exposure, followed by colonization, infection, and 
dissemination (Fig. 1).

Exposure. As discussed above, prematurity is the greatest risk factor for ICI. This 
is due to an underdeveloped immune system and immature and often breeched (by 
central catheters and endotracheal tubes) defense barriers including the skin, gastro-
intestinal and respiratory tracts. Candida species are potential opportunistic patho-
gens for preterm infants as they are naturally present on the skin and oral and 
gastrointestinal mucosa primarily as saprophytes. Candida species can also lead to 
infections if the host is exposed to a large number of organisms (at birth or with poor 
infection control) or circumstances that allow Candida to proliferate easily.

EXPOSURE

COLONIZATION
Skin, respiratory tract, gastrointestinal tract, central venous catheters

INFECTION
Blood, urine, peritoneal fluid, skin

END-ORGAN DISSEMINATION

Vertical
Maternal fungal colonization
Maternal vaginal infection
Prolonged rupture of membranes
Vaginal delivery

Patient factors
Immature immune defenses
Skin or mucosal breakdown
Gastrointestinal disease
Support devices (catheters, tubes)
Neutropenia
Hyperglycemia

Patient factors
Extremely low birth weight
Tissue damage
 Cardiac valve injury
 Gastrointestinal perforation

Prolonged infection
Persistent fungal isolation from blood cultures
Delayed vascular catheter removal
Inadequate antifungal dosing

Endocarditis
Intra-abominal abscess(intraperitoneal, renal or bladder, hepatic, splenic, etc)
Central nervous system (meningitis, encephalitis, abscess)
Endophthalmitis
Osteoarticular infection (osteomyelitis, septic arthritis)

Horizontal
Patient-to-patient transmission
Health care worker colonization
Contaminated environment
Contaminated infusions (e.g., parenteral nutrition)

Organism factors
Adherence factors
Virulence factors
Burden of organisms
Number of colonized sites
High-risk site colonization*

Medication factors
Antibiotics
 Prolonged or multiple antibiotics
 Cephalosporins or carbapenems
Gastric acid inhibitors
 H2 antagonists
 Proton pump inhibitors
High-dose postnatal steroids
Parenteral nutrition or intralipids

Fig. 1 Pathogenesis and risk factors of invasive Candida infections: exposure, colonization, infec-
tion, and dissemination. *High-risk colonization sites include the central venous catheter, endotra-
cheal tube, and urine
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Colonization. Colonization rates are inversely correlated with gestational age and 
birth weight similar to infection. In the first weeks of life, >50% of ELBW and 
25–50% of very low birth weight (VLBW; <1500 g) infants may become colonized as 
compared with 5–10% of full-term infants [1]. Skin and gastrointestinal colonization 
occurs initially followed by respiratory tract colonization [21]. Approximately 25% of 
colonized infants will progress to infection; risk is influenced by the number and loca-
tion of colonized sites [22]. Colonization of multiple sites or colonization at a single 
high-risk site (endotracheal tube, urine, catheter tips, drains, and surgical devices) is 
associated with higher ICI risk than colonization at a single low-risk site [6, 23–26].

Infection and dissemination. Colonized infants who progress to ICI can present 
with a variety of clinical syndromes, as discussed below. However, at onset of an 
ICI, Candida often has already disseminated to other tissues, organs, or body fluids 
and formed microabsesses. This is due to adherence properties of Candida and its 
slow growth prior to clinical signs and symptoms in an immunocompromised host. 
Additionally, central vascular catheters can cause local trauma to valvular, endocar-
dial, or endothelial tissue followed by clot formation to which yeast can adhere. 
Among infants with ICI, the incidence of concomitant endocarditis is around 5%, 
kidney abscesses 5%, central nervous system abscesses 4%, and endophthalmitis 
3% [27]. End-organ dissemination is higher in ELBW infants and any infant with 
candidemia lasting >5 days [28–30].

Morbidity and mortality. Mortality following any type of ICI is approximately 
25–30% among ELBW infants. All-cause mortality rates are similar for candidemia 
(28%) and candiduria (26%) and increase to >50% for other sterile sites (meningitis 
and peritonitis) or if multiple sites are infected (blood, urine, CSF) [12]. Attributable 
mortality—the difference in mortality between ICI infected and non-infected 
infants—is 20%. In contrast, infants >1000 g with ICI have a much lower mortality 
risk of 2% compared to 0.4% in uninfected infants [31]. Survival is improved in 
candidemia cases with prompt removal of a central venous catheter, prompt empiric 
antifungal therapy, and in centers using antifungal prophylaxis [9, 32, 33]. Survivors 
of ICI are at increased risk for morbidity. Even with prompt treatment, neurodevel-
opmental impairment or delay exceeds 50% for both candidemia and Candida men-
ingitis [20]. Compared with uninfected, age-matched controls, infants with 
candiduria (OR 2.5) or candidemia (OR 3) are at significantly increased risk for 
neurodevelopmental impairment [34].

 Clinical Findings

 Congenital Cutaneous Candidiasis (CCC)

Diagnosis of CCC is made by the presence of a diffuse CCC rash involving major 
skin areas of the body, extremities, face or scalp, and/or funisitis, presenting in the 
first week (≤7 days), with identification of Candida species or yeast from the (1) 
skin or mucous membrane cultures, (2) placenta staining or cultures, or (3) umbili-
cal cord staining or cultures. CCC is usually evident at birth but can emerge during 
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the first week of life. Dermatologic findings include desquamation alone (scaling, 
peeling, flaking, or exfoliation); maculopapular, papulopustular, and erythematous 
rashes; or a combination of these skin manifestations (Fig. 2) [2]. CCC can occur 
with or without dissemination. There is a high burden of yeast with invasion into 
dermis, which brings Candida close to the dermal vasculature. Therefore, preterm 
and term infants need to be treated promptly at the time of rash presentation with 
systemic antifungal therapy and for a minimum of 14 days. Delaying systemic treat-
ment, solitary use of topical therapy (nystatin), and treating for <10 days is associ-
ated with Candida dissemination to the bloodstream [2].

In evaluating a diffuse CCC rash in the first week life, aerobic skin cultures for 
both fungal and bacterial organisms need to be obtained to identify the source of 
infection. Specific fungal staining and aerobic culture of the umbilical cord and 
placenta also aid in the diagnosis. Additionally, blood culture, urine culture if older 
than 48 h, and CSF if no rash on the back is present should be performed. Lumbar 
puncture should not be performed or deferred if there is cutaneous involvement on 
the back due to invasion into the dermis and risk of introducing Candida into the 
CSF. Differential diagnosis includes staphylococcal as well as other bacterial and 
fungal skin infections. In certain cases when the rash appearance could be due to 
bacterial and fungal pathogens, empiric staphylococcal and fungal empiric coverage 
should be initiated pending culture results.

a

b

c

d

e

f

Fig. 2 Congenital cutaneous candidiasis presentation. (a) Dry, flaky skin. (b) Dry, cracking scaly 
skin with waxlike appearance. (c) Peeling skin with mild erythema. (d) White-yellow plaques of 
the umbilical cord. (e and f) Maculopapular rashes
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Table 1 Presenting signs 
and symptoms of candidemia 
in very low birth weight 
infants [51]

Most common (>50%)

  Thrombocytopenia <100,000/μl (>80%)

  Immature-to-total neutrophil ratio ≥ 0.2 (>75%)

  ↑ C-reactive protein

  ↑ (1–3)-Beta-d-glucan >125 pg/dL

  ↑ Apnea and/or bradycardia

  ↑ Oxygen requirement

  ↑ Assisted ventilation
Frequent (~33%)
  Lethargy/hypotonia
  Gastrointestinal symptoms (e.g., gastric aspirates, 

distention, bloody stools)
Less frequent (<15%)
  Hypotension
  Hyperglycemia

  Elevated white blood cell count >20,000/μl

  Absolute neutrophil count <1500/μl
  Metabolic acidosis

 Cutaneous Candidiasis (CC)

Cutaneous (or mucocutaneous) candidiasis presents as a diffuse rash with similar skin 
manifestations as CCC, but occurs later, at age ≥8 days [2]. Aerobic skin cultures to 
evaluate for both fungal and bacterial organisms need to be obtained to identify the 
source of infection. Additionally, blood and urine cultures plus a lumbar puncture if 
no rash on the back is present should be performed. Empiric systemic therapy should 
be started at the time of skin presentation and treatment for a minimum of 14 days in 
preterm infants. This is an invasive infection of the skin and will disseminate if not 
systemically treated. Similar to CCC, topical therapy is insufficient.

 Candidemia

Signs and symptoms of Candida bloodstream infections (Table 1) are similar to 
bacteremia, with candidemia having some unique patterns related to thrombocyto-
penia. In VLBW infants, candidemia has lower initial platelet counts, lower platelet 
nadirs, and a greater duration of thrombocytopenia compared to gram-positive sep-
sis [35]. The percentage decrease from baseline at presentation is also greater with 
candidemia (50%) compared to gram-positive infections.

Candidemia is often associated with end-organ dissemination (Fig.  1). Initial 
screening for dissemination should include an echocardiogram, renal ultrasound, 
cranial ultrasound, and ophthalmologic exam. If there had been significant bowel 
pathology such as NEC or focal bowel perforation, a complete abdominal ultrasound 
should be performed to rule out peritoneal, liver, or splenic abscesses. This could be 
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performed at presentation or a few days into treatment. Reevaluation for end-organ 
dissemination should occur with persistent candidemia (>7 days).

Studies in the era prior to antifungal prophylaxis have demonstrated candi-
demia complicating ~10% of cases of NEC due to candida translocation or bowel 
perforation. Evaluation of the gastrointestinal tract by culture of the rectum, stool, 
or oral flora in patients with the diagnosis of stage II NEC or greater for the pres-
ence of Candida species or yeast should be performed and if isolated prompt the 
addition of systemic antifungal therapy in addition to antibacterial treatment of 
NEC.  This may not be needed if patients have been on antifungal prophylaxis 
since birth.

Prolonged positivity of blood cultures occurs with candidemia with a median of 
3 days even in the absence of end-organ dissemination [20]. Documenting blood 
clearance could be done after 48 hours of systemic antifungal treatment with daily 
cultures until three negative cultures are obtained or waiting until 5–7 days into 
treatment and documenting two or more negative cultures. However, with persistent 
candidemia greater than 5 days, four key questions should be explored:

• Does the patient still have a central venous catheter? If so remove or replace at 
another site if central access critical to maintain.

• Is antifungal dosing appropriate? If not, adjust dosing with the assistance of a 
pediatric pharmacist or pediatric infectious disease specialist.

• Is there end-organ dissemination? Rescreen. If candidemia persists after 
5–7  days, end-organ dissemination is even more likely, and initial screen 
should be repeated and expanded to include (1) ultrasound the location of the 
tip of any current or previous central catheter for an infected thrombus, (2) 
repeat complete abdominal ultrasound if history of NEC or bowel perforation 
for abscesses (laparotomy is sometimes considered if high clinical suspicion), 
and (3) cranial ultrasound/ magnetic resonance image (MRI) to detect brain 
dissemination. Abscesses that are amenable to removal should be managed 
with drainage or surgery.

• What is the absolute neutrophil count? Neutrophils are one of the most important 
components in the innate immune system’s initial response to Candida infec-
tions, both through direct phagocytosis and other neutrophil functions. If neutro-
penia is present with candidemia (or another ICI) while on appropriate antifungal 
therapy for more than 2 days, correction of neutropenia with granulocyte colony- 
stimulating factor should be given.

 Urinary Tract Infection

Late-onset sepsis evaluations should include a urine culture obtained via sterile 
catheterization as Candida UTIs and sepsis have similar presentations. Candida 
UTIs often occur in the absence of candidemia, emphasizing the need to obtain 
urine cultures. An elevated creatinine level without clear etiology may be another 
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sign of a UTI. In the absence of antifungal prophylaxis, candiduria can occur in up 
to 2.4% of VLBW and 6% of ELBW infants.

UTIs are most commonly defined as growth of ≥10,000 CFU/ml from a sterile 
catheterization or ≥1000 CFU/ml for bladder aspiration. Some experts consider the 
presence of any Candida in the urine a risk for significant infection and outcomes. 
Others consider a urine culture with lower CFUs representative of colonization at a 
high-risk site and may recommend preemptive treatment. Renal ultrasonography is 
warranted for all Candida UTIs to evaluate for abscess formation. Renal fungal 
abscess formation may occur with candiduria via an ascending infection or dissemi-
nation to the kidneys with candidemia. Prompt initial antifungal therapy with candi-
duria has decreased its incidence. Renal imaging should be performed at presentation 
and repeated in cases with persistent candiduria (as well as candidemia).

 Central Nervous System (CNS) Infection

Meningitis, meningoencephalitis, or abscess formation may complicate candi-
demia or occur separately. Studies have found around 50% of meningitis cases 
occur in the absence of candidemia [20, 36]. Lumbar puncture at the time of sep-
sis evaluation prior to the initiation of antifungal therapy is important as CSF cell 
counts and chemistries may not be abnormal especially in preterm infants [37]. If 
lumbar puncture is unable to be performed at the time of presentation, it is impor-
tant to obtain it as soon as possible in cases of candidemia or CNS disease. If 
meningitis is present, repeat lumbar puncture should be performed after several 
days or near the end of 21 days of treatment to document clearance in case anti-
fungal therapy needs to be extended. Neuroimaging (ultrasonography or MRI) is 
needed to evaluate for abscess formation in cases of candidemia, meningitis, or 
infections with CNS symptoms.

 Peritonitis

ICI can complicate patients presenting with stage III NEC or focal bowel perfora-
tion. If exploratory laparotomy or drains are placed, cultures should be obtained to 
determine what organisms may be present. Peritonitis may initially present with or 
without erythema as part of abdominal symptomatology. Identification of pathogens 
in the peritoneal cavity is critical to appropriate management of bowel perforation, 
peritonitis and preventing potential abscess formation. Candida species are the pre-
dominant organism causing peritonitis in 44% of focal bowel perforation and in 
15% of the perforated NEC cases [13]. While radiographs can identify bowel perfo-
ration, complex fluid collects on ultrasound may indicate perforation or abscess 
formation. Some cases of perforation or abscess formation may be missed, and 
exploratory laparotomy may be needed if clinically indicated. All abscesses should 
be drained.
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 Pneumonia

Pneumonia remains a difficult diagnosis in ventilated neonates with chronic lung 
disease as radiologic findings of infection versus atelectasis, fluid, or scarring are 
often similar. Respiratory colonization is a high-risk site for infection especially in 
intubated patients [21]. Preemptive treatment has been shown to prevent dissemina-
tion when Candida is detected in a tracheal aspirate by culture, PCR, or Candida 
mannan antigen [38, 39].

 Osteoarticular Infection

If an infant with candidemia also has signs of septic arthritis or osteomyelitis (swell-
ing, immobility, erythema), a clinical diagnosis of osteoarticular infection can be 
made. Joint aspiration may be needed for diagnosis in the absence of candidemia. 
Evaluation with bone scan or MRI may help define the extent of involvement, but 
they cannot be used to rule out joint or bone involvement in neonates in the face of 
clinical symptoms. Treatment should be for 4–6 weeks.

 Endocarditis or Infected Vascular Thrombi

Candida endocarditis or infected vascular thrombi are the most common com-
plication of candidemia and associated with higher mortality than candidemia 
alone [29, 30]. When antifungal therapy alone is unsuccessful in resolution 
of  the endocarditis or thrombus, thrombolytic or anticoagulation therapy has 
been used in some cases depending on infant’s gestational age and associated 
conditions.

 Endophthalmitis

Endophthalmitis presents most commonly as an intraocular dissemination from 
the bloodstream but also could be a rare complication of retinopathy of prematu-
rity surgery or local trauma. Endophthalmitis progresses from a chorioretinal 
lesion that breaks free in the vitreous. Fundoscopy reveals one or more yellow-
white, elevated lesions in the posterior retina or vitreous, generally appearing as a 
white fluffy ball. The clear cell-free vitreous can also become hazy due to an 
influx of inflammatory cells. More rapid diagnosis, treatment, and prevention of 
ICIs have made retinal endophthalmitis rare but still important to screen for with 
candidemia. Even in absence of visible retinal abscesses or chorioretinitis, 
Candida sepsis increases the risk for severe retinopathy of prematurity, and 
screening for retinal pathology is recommended even if not indicated by gesta-
tional age or birth weight criteria.
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 Diagnosis (Fig. 3)

 Cultures

Cultures of blood, urine, CSF, or other sterile body fluids remain the best method for 
diagnosing ICIs. For infection evaluations, blood, urine (if age >48 h), and CSF 
cultures should be obtained and are critical to making a prompt diagnosis. When 
laparotomy is performed in cases of stage III NEC (see chapter “Necrotizing 
Enterocolitis”) or focal bowel perforation, peritoneal cultures should always be 
obtained [13]. Collecting sufficient blood culture volumes (≥1 mL) is also key to 
detecting candidemia. Candida will grow on regular media; fungal-specific cultures 
are not required. For infants with ICI, >50% of cultures will be positive by 36 h and 
97% by 72 h. Antifungal therapy for treatment or prophylaxis does not affect fungal 
detection or time to positivity [40].

Diagnosis of CCC and CC is a diffuse rash (±funisitis) with identification of 
Candida species or yeast from the (1) skin, (2) placenta, or (3) umbilical cord. See 
section on CCC and CC for more details.

 Non-culture-Based Methods

Fungal cell wall polysaccharides such as (1–3)-beta-D-glucan (BDG) and mannan 
as well as polymerase chain reaction (PCR) can be extremely useful in identifying 
high-risk patients who would benefit from early empiric antifungal therapy while 
awaiting culture results, detecting non-bloodstream infections, or following 
response to antifungal therapy. However, they are not better than cultures in identi-
fying true infections at this time.

The cutoff for BDG is higher (>125 pg/ml) for neonates than adults (>80 pg/ml) 
due to the effect fungal colonization, other infections such as gram-negative and 
coagulase-negative Staphylococcus (median 116  pg/ml [IQR 46–128]), and red 
blood cells or fresh frozen plasma transfusions (170  pg/mL, [IQR 65–317]) can 
have on BDG levels [41–43]. BDG levels in infants with ICI are 364 pg/mL (IQR 
131–976) vs. 89 pg/mL (IQR 30–127) in non-infected neonates. Levels decrease 
significantly with antifungal therapy and can be used to follow a patient’s response 
to treatment [41–43].

PCR to identify 18S ribosomal RNA (rRNA) in preterm infants can detect can-
didemia as well as non-bloodstream infections including Candida peritonitis, can-
diduria, previous candidal infections, and endotracheal colonization [44]. Similar to 
adjunctive tests, the question of whether PCR is detecting infection or only coloni-
zation has not been critically studied in neonates. Finally, another method that may 
help with the decision to start early empiric therapy is direct fluorescent assay of the 
buffy coat [45]. This test is a fluorescent stain that binds to structures containing 
cellulose and chitin yielding results in 1–2 h.
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 Treatment

 Definitive Therapy

Antifungal dosing and duration are outlined in Table 2 and Fig. 3. Empiric antifun-
gal therapy on the day cultures are sent or prompt antifungal therapy within 2 days 
of the blood culture decreases mortality and neurodevelopmental impairment [32, 
46]. In addition to prompt appropriate antifungal dosing, immediate central catheter 
removal with candidemia is key to ICI clearance, decreasing risk for end-organ dis-
semination and improving survival and neurodevelopment.

 Preemptive Treatment

Several studies have demonstrated when high-risk sites are colonized (e.g., the 
respiratory tract or urine), infants may benefit from treatment [39]. Studies have 
used endotracheal positive candida cultures or mannan levels ≥0.5 ng/mL to decide 
on preemptive treatment and significantly decreased ICI [39].

Table 2 Principles of 
invasive Candida infection 
treatment and clearance

Appropriate dosing
•  Amphotericin (deoxycholate) 1 mg/kg/day
•  Amphotericin (liposomal) 5–7 mg/kg/day
•  Fluconazole 25 mg/kg load, followed by 12 mg/kg/day
•  Micafungin 10 mg/kg/day
•  Caspofungin 2.5 mg/kg (3 mg/kg if CNS disease)
Screen for end-organ dissemination
•  Echocardiogram
•  Renal ultrasound (or complete abdomen if GI pathology present)
•  Head ultrasound
•  Fundoscopy
Remove foci
•  Promptly remove central venous catheter(s) when candidemia 

identified
•  Consider removal of abscesses not responding to antifungal 

treatment and amenable to drainage or surgery
Appropriate duration
•  14 days for candidemia or cutaneous candidiasis (congenital 

or postnatal)
•  21 days for meningitis
•  4–6 weeks minimum if endocarditis, abscess, joint, or bone 

involvement
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 Prevention

 Antifungal Prophylaxis

Targeted prophylaxis in extreme preterm infants (<1000 g or < 28 weeks, Fig. 4) 
during the period when they require intravenous access focuses on high-risk patients 
and individualizes each patient to the receive prophylaxis during their high-risk 
period based on individual risk factors. Linking the duration of prophylaxis to IV 
access correlates to the time period preterm infants are likely to have risks for ICI, 
such as significant immune immaturity, central lines, parenteral nutrition, antibiotic 
exposure, and lack of enteral feedings. By targeting prophylaxis to individual 
patients’ risk factors limits exposure to the patient as well as fungi, which helps 
limit toxicity, costs, and the emergence of fungal resistance.

When antifungal prophylaxis is used, the recommendation is intravenous fluco-
nazole starting shortly after birth at a dose of 3 mg/kg, twice a week, for 4–6 weeks, 

Birth weight < 1000g
OR

<28 weeks gestation
OR

Selected other high-risk infants*

Dosing**
Fluconazole 3 mg/kg IV twice a week

Start on day of birth

Length of Prophylaxis

*Other high-risk infants include:
1. Infants receiving a 3rd or 4th generation cephalosporin or carbapenem.
2. Infants with acute complicated gastrointestinal disease (e.g., necrotizing
    enterocolitis or bowel perforation)
3. Infants with congenital gastrointestinal disease who require prolonged
    NPO periods or prolonged antibiotic exposure (e.g., gastroschisis or
    Hirshsprung’s disease).

**First dose on day of birth, then twice a week (e.g., Tuesdays and Fridays
at 10 AM). Give over 60 min. Give via central line if present.

Discontinue when IV access no longer required (central or peripheral)

For preterm infants on full enteral feeds but still intubated, change to
enteral fluconazole (same dose and schedule as IV) until extubated or
age 4-6 weeks, whichever comes first    

Fig. 4 Targeted antifungal prophylaxis for high-risk neonates
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or until intravenous access no longer is required for care [10]. This dosage and dura-
tion of chemoprophylaxis has not been associated with emergence of fluconazole-
resistant Candida species [47]. Administering fluconazole prophylaxis twice weekly 
on the same days (e.g., Tuesdays and Fridays), at the same times, reduces pharmacy 
costs and may limit medication errors. Additionally, if antifungal prophylaxis is 
used, a different antifungal (amphotericin B or another non-azole) should be used 
for empiric therapy.

High-risk infants >1000 g in the NICU who also have rates ≥5% include infants 
with NEC, gastroschisis, and those with gram-negative infections being treated with 
third- or fourth-generation cephalosporins or carbapenems. For NICUs with signifi-
cant rates of ICI in their infants 1000–1500 g, some retrospective studies have pro-
posed either presence of a central venous catheter or treatment with antibiotics for 
>3 days as guidelines for the use of antifungal prophylaxis [9].

 Infection Control Measures

In pregnancies complicated by preterm labor or prolonged rupture of membranes, 
screening and treatment of vaginal candidiasis may be beneficial in preventing 
Candida colonization and subsequent infection in the newborn [48, 49]. After deliv-
ery, standard NICU infection control including hand hygiene, environmental clean-
ing each shift, family education, and pharmacy preparation and handling of all 
infusions and medications remains a critical part of prevention. The use of medica-
tions that increase the risk for ICI (cephalosporins, carbapenems, gastric acid inhib-
itors, and postnatal steroids) should be monitored with stewardship and guidelines 
and avoided when possible. Feeding protocols and promoting use of human milk 
feedings may help decrease the risk for ICI. In addition, human milk feedings will 
lead to a decreased incidence of NEC and therefore the number of ICI that can com-
plicate NEC. Finally, standardized protocols for insertion and management of cen-
tral venous catheters, attention to sterile practices, hub and dressing care, and closed 
medication delivery systems have been shown to decrease CLABSIs, including 
those due to Candida [50]. A “bundled approach” including antifungal prophylaxis 
as part of CLABSI prevention is associated with near elimination of ICI.
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 Epidemiology

The most common causes of neonatal conjunctivitis include Chlamydia trachoma-
tis, Neisseria gonorrhoeae, and herpes simplex virus. Infected women can pass 
these infections to their newborns during the perinatal period. In 2016, there were 
approximately 1.6 million new chlamydial infections and 470,000 gonococcal 
infections; people of childbearing age (adolescents and young adults) account for 
the large majority of these [1]. As with syphilis (see chapter “Congenital Syphilis”), 
the incidence of both chlamydia and gonorrhea has continued to rise since the early 
2000s [2].

Chlamydial and gonococcal conjunctivitis in neonates are a manifestation of 
failed antenatal screening (see Prevention, below). For infants born to mothers who 
were effectively screened and treated, other bacteria and viruses can also cause 
neonatal conjunctivitis. These include Staphylococcus aureus, Moraxella catarrha-
lis or non-typeable Haemophilus influenzae, rhinovirus, adenovirus, and bocavirus, 
to name a few [3, 4].

 Pathogenesis

The conjunctiva is a transparent membrane of epithelial cells that lines the inner 
eyelids and the surface of the eye. In contrast, the cornea is part of the eye itself (the 
transparent membrane that covers the iris and pupil). The cornea and the conjunc-
tiva are in the same plane and meet the limbus. Inflammation of the conjunctiva 
results in conjunctivitis; inflammation of the cornea is called keratitis (Table 1). 
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Severe or untreated neonatal conjunctivitis may progress to involve either the cor-
nea or the subconjunctival connective tissue of the eye, causing ulcerations, scar-
ring, and ultimately permanent visual impairment.

Chlamydial and gonococcal conjunctivitis are perinatal infections that occur 
when infected maternal genital secretions come in contact with conjunctival epithe-
lia during the birth process [5, 6]. In contrast, S. aureus, M. catarrhalis, H. influen-
zae, and the upper respiratory tract viruses such as adenovirus are generally 
transmitted postnatally on hands or contaminated equipment. Herpes simplex virus 
(HSV) keratoconjunctivitis can be acquired either perinatally or postnatally (see 
chapter “Neonatal Herpes Simplex Virus Infection”).

 Clinical Findings

The clinical presentation of neonatal conjunctivitis has significant overlap between 
pathogens (Table 1) [7–9]. Timing of onset and the presence of certain findings, 
such as vesicular disease for HSV or heavy purulence for gonococcal disease, may 
suggest a given diagnosis, but confirmation with specific testing is virtually always 
indicated (see Diagnosis, below).

Conjunctivitis presents with unilateral or bilateral eye injection, swollen eyelids, 
and drainage (which may be heavy or light, watery, or purulent). Severe or untreated 
disease, particularly due to N. gonorrhoeae or HSV, may lead to corneal scarring or 
ulceration and ultimately visual impairment.

Table 1 Clinical findings, diagnosis, and management of neonatal conjunctivitis by causative 
organism

Pathogen Onset Clinical signs Diagnosis Treatment
Neisseria 
gonorrhoeae

2–5 days • Heavy purulence
• Chemosis (swelling of 
conjunctiva)
• Eyelid swelling

Gram stain 
and culture

Cefotaxime IV 
or IM

Chlamydia 
trachomatis

5–14 days • Watery or mucopurulent 
drainage
• Mild eyelid swelling
• Conjunctival injection

DFA or PCR Azithromycin or 
erythromycin PO

Other bacteria 
(S. aureus, H. 
influenzae, 
etc.)

Variable • Mild to severe drainage
• Mild to severe eyelid swelling
• Conjunctival injection

Gram stain 
and culture

Topical antibiotic 
drops (systemic 
if severe)

Herpes 
simplex virus

5–21 days • Periorbital vesicles or 
ulcerations
• Keratitis

PCR Acyclovir IV

Other viruses Variable • Mild to severe drainage
• Mild to severe eyelid swelling
• Conjunctival injection

Exclusion None

K. L. McCoy and C. R. Bultmann
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 Diagnosis

All infants with conjunctivitis require gram stain and culture of their conjunctival 
exudate (Table 2) [10]. Gram stain can provide immediate information about the 
morphology of bacteria, if present. For example, gonococcal disease is easily iden-
tifiable if gram-negative diplococci are seen in the gram stain. However, all gram 
stains should be confirmed with culture. Of note, nucleic acid-based testing is 
widely used for urogenital gonorrhea but is not recommended for the diagnosis of 
gonococcal conjunctivitis [11].

If chlamydial disease is suspected, the conjunctiva should be scraped to obtain 
conjunctival epithelial cells for either direct antigen testing (e.g., direct fluorescent 
antibody or enzyme immunoassay) or PCR [12]. Unlike gonococcus and other com-
mon bacterial causes of conjunctivitis, Chlamydia is an intracellular organism and 
is not present in the exudate itself—scrapings must be obtained. Chlamydia is also 
not visible on regular gram staining. If HSV disease is suspected, HSV-specific 
PCR testing should be obtained from the conjunctiva as well as other surface sites 
(pharynx, rectum), blood, and cerebrospinal fluid (see chapter “Neonatal Herpes 
Simplex Virus Infection”) [13].

 Treatment

The treatment of neonatal conjunctivitis depends on the causative agent. Identifying 
an etiology is critical as the therapy for one pathogen is likely to be ineffective 
against the others.

Neisseria gonorrhoeae: A single dose of third-generation cephalosporin therapy, 
given either IV or IM, is generally a sufficient therapy. Ceftriaxone (50 mg/kg/dose 
up to 125  mg) and cefotaxime (100  mg/kg/dose) are equally effective, although 
cefotaxime is generally used due to concerns about ceftriaxone displacing bilirubin 
in a jaundiced neonate [11].

Chlamydia trachomatis: Historically, oral erythromycin at 50 mg/kg/day divided 
four times per day for 14 days has been recommended. However, the failure rate 

Table 2 Diagnostic approach to the neonate with conjunctivitis

N. gonorrhoeae C. trachomatis
S. aureus and 
other bacteria HSV

Other 
viruses

Gram stain Gram-negative 
diplococci

Negative Often positive Negative Negative

Culture Positive Negative Positive Negative Negative
Chlamydia PCR 
(or DFA or EIA)

Negative Positive Negative Negative Negative

HSV PCR Negative Negative Negative Positive Negative

DFA direct fluorescent antibody, EIA enzyme immunoassay, HSV herpes simplex virus
Expected positive findings in bold

Neonatal Conjunctivitis
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approaches 25%. Recently, oral azithromycin at 10 mg/kg/day given once followed 
by 5 mg/kg/day for 4 days has been shown to be effective [12].

Herpes simplex virus: If HSV disease is confirmed and limited to the eye, skin, 
and mucous membranes (skin/eye/mouth disease; see chapter “Neonatal Herpes 
Simplex Virus Infection”), then intravenous acyclovir at 60 mg/kg/day divided q8 
hours for 14 days is generally sufficient. If keratitis is present, topical therapy with 
trifluridine or a similar antiviral agent is often added [13].

Other bacteria: Other bacteria, such as S. aureus, M. catarrhalis, or H. influen-
zae, may be treated with topical antibacterial drops or systemic therapy depending 
on the severity of illness and whether or not concomitant systemic disease (e.g., 
sepsis, urinary tract infection) is present.

 Prevention

The single most effective way to prevent neonatal conjunctivitis is to identify and 
treat gonococcal or chlamydial disease in pregnant women. Current recommenda-
tions are to screen all pregnant women age < 25 years for gonorrhea and chlamydia; 
women age ≥ 25 years should be screened if they have new or multiple partners or 
if their partner has multiple partners. For at-risk women, screening should be at the 
first prenatal visit and again in the third trimester. Any women who test positive 
should have a test of cure 3–4 weeks after treatment and should be rescreened in 
3 months [14]. Reinfection by an untreated sexual partner is frustratingly common, 
and the American College of Obstetricians and Gynecologists has endorsed expe-
dited partner therapy (i.e., treating sexual partners of a woman diagnosed with gon-
orrhea or chlamydia without waiting to examine or test those partners) [15].

All infants, regardless of maternal screening results, should receive prophylactic 
eye ointment after delivery. This may be erythromycin, tetracycline, or silver nitrate; 
erythromycin is the only one currently available in the United States [16]. Notably, 
erythromycin ointment is only protective against gonococcal conjunctivitis; it does 
not prevent chlamydia or HSV [17].
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 Epidemiology

The “usual suspects” causing RVI are well-known and include the following patho-
gens: human rhinovirus, influenza A and B, adenovirus, human metapneumovirus, 
parainfluenza, coronavirus, and—most importantly—RSV [1, 2]. In countries with 
temperate climates, such as the United States and Western Europe, late autumn until 
spring represents the “epidemic season” in which patients are most likely to acquire 
an RVI [1]. The introduction of reliable and fast polymerase chain reaction (PCR) 
assays in the recent years has allowed for rapid detection of viruses in the NICU, 
which has in turn challenged the previously held assumption that infants within 
NICUs are protected from community pathogens [3]. These findings highlight the 
importance of hand hygiene and other preventive strategies during the epidemic 
season.

The clinical presentation of patients with RVI—typically rhinorrhea, cough, 
cackles, wheezing, retractions, or respiratory distress—can prompt diagnoses of 
“culture-negative sepsis” and initiation of antibiotic therapy [1, 2]. Prospective 
studies in which respiratory viral testing has been performed during late-onset 
sepsis evaluations demonstrate that 5–10% of suspected late-onset sepsis is actu-
ally due to RVI infection [2, 4, 5]. These findings support the use RVI screening 
by PCR when sepsis is suspected to bolster antimicrobial stewardship efforts in 
the NICU.
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 Pathogenesis

While the exact cause of preterm infants’ increased susceptibility to RVI remains 
unknown, the current literature points to a combination of inflammatory conditions, 
both in utero and after birth, immaturity and dysfunction of the immune system, and 
genetic and epigenetic factors [6, 7]. RVI in the first year of life has been associated 
with recurrent respiratory morbidity, including asthma and wheezing, though it 
remains to be determined if respiratory viruses cause these morbidities or exacer-
bate an underlying genetic predisposition in these children [1].

RSV, in particular, has been strongly associated with the development of respira-
tory sequelae, though rhinovirus and human metapneumovirus have been impli-
cated as well [1, 8]. For patients with RSV infection, the normal immune response 
follows a three-step pattern: the innate epithelial response at the nasal mucosa, the 
antibody response (specifically, IgG) at the upper airway for protection against 
infection of the lower respiratory tract, and the T cell response, which is responsible 
for viral clearance [1, 6]. Preterm neonates have deficient immune responses to 
some pathogens and overly aggressive, unregulated responses to others [1, 6, 8].

Along with preterm infants, those with congenital heart disease, Down syn-
drome, congenital neuromuscular diseases, cystic fibrosis, or congenital immuno-
logical deficiencies are at particularly high risk for severe RVI, particularly RSV 
[1]. In infants with congenital heart disease, RSV infection of the lower respiratory 
tract may cause a variety of potentially fatal complications including sinoatrial 
block, tachyarrhythmias, atrioventricular block of varying entity, pericarditis, and 
myocarditis [1, 9]. The importance of palivizumab prophylaxis in this population 
has been well documented (see chapter “Immunizations in the Nursery”) [10, 11]. 
Similarly, children with Down syndrome are considered to be high risk for severe 
RSV infection due to the underlying heart disease that frequently accompanies the 
condition [1]. Infants with congenital neuromuscular disease are also at high risk 
from RVI due to reduced vital capacity in the lungs, weak cough and dysphagia 
inhibiting clearance of respiratory excretions, compromised ability to comply with 
physiotherapeutic interventions, and recurrent aspiration due to gastroesophageal 
reflux disease or vomiting due to coughing [12].

Preterm infants with cystic fibrosis are also at risk of accelerated decline in respi-
ratory function over the course of their lives due to RSV infection. These patients 
are extremely susceptible to recurrent wheezing and bacterial superinfections, most 
commonly Pseudomonas aeruginosa, secondary to RSV infection. RSV is a known 
facilitator of Pseudomonas aeruginosa infection and proliferation in this population 
[13, 14]. Finally, patients with severe immunocompromise—either due to transplan-
tation, HIV, DiGeorge syndrome, severe combined immunodeficiency, etc.—have a 
deficient T cell lymphocyte response, which inhibits viral clearance causing greater 
virulence and persistently higher viral loads [15–17].

In addition to RSV, human metapneumovirus poses its own set of challenges 
for NICU clinicians. In contrast to RSV hospitalizations, which peak around age 
2–3 months, metapneumovirus hospitalizations peak between age 6 and 12 
months [18–21]. Human metapneumovirus is the second most commonly 
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detected viral pathogen after RSV and may have a greater predilection for pre-
term infants. When compared to children infected with RSV, Anderson et al. [21] 
found that infants with human metapneumovirus infection were more premature 
(mean 27 vs. 33 weeks’ gestation) and more likely to have bronchopulmonary 
dysplasia (59% vs. 22%). Similar to RSV, the increased risk for human meta-
pneumovirus for patients with bronchopulmonary dysplasia persists into the sec-
ond year of life [21].

For immunocompromised patients, adenovirus can be particularly dangerous 
with disseminated disease or localized severe infection of the respiratory tract infec-
tion [4, 22]. While adenovirus infections in neonates are rare, mortality exceeds 
50% for adenovirus pneumonia and 85% for disseminated adenovirus disease [22]. 
Disseminated disease may present with pneumonia and hepatitis with hypothermia, 
apnea, nasal congestion, tachypnea, cyanosis, poor feeding with emesis, hypoten-
sion, neutropenia, hematuria, and hypotonia [4, 22].

 Clinical Findings

In general, clinical findings of RVI in the nursery setting have significant over-
lap between pathogens (Table 1). Signs include upper respiratory (rhinorrhea, 
cough, stridor) and lower respiratory (tachypnea, desaturations, crackles, 
wheezing, retractions) findings [23]. For preterm infants, respiratory deteriora-
tion or apnea is common. Nonspecific findings (e.g., feeding intolerance, 

Table 1 Respiratory viral infections (RVI) in the nursery setting

Epidemiology RVI can be detected in ~5–10% of infants with suspected late-onset sepsis
Etiology Rhinovirus (most common)

Parainfluenza
Respiratory syncytial virus
Human metapneumovirus
Influenza
Coronavirus

Clinical findings Nonspecific
• Temperature instability
• Apnea/bradycardia
• Feeding intolerance
• Respiratory distress
Specific
• Rhinorrhea/congestion
• Cough
• Crackles/wheezing

Diagnosis Multiplex respiratory viral PCR (preferred)
Direct fluorescent antibody testing
Rapid antigen testing

Treatment Supportive
Droplet precautions
Consider antiviral therapy for influenza

Respiratory Viruses in the Neonatal Intensive Care Unit
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temperature instability) are also seen. New or evolving radiographic changes are 
sensitive for lower respiratory tract involvement, but in preterm infants, it is dif-
ficult to differentiate viral from bacterial pneumonia in the absence of testing. 
As mentioned above, extrapulmonary findings such as hepatitis or myocarditis 
in the setting of RVI are particularly concerning for adenoviral infection or 
severe RSV disease.

 Diagnosis

The diagnosis of RVI in the NICU occurs in two distinct phases: the clinical diag-
nosis and the etiological diagnosis [1]. The clinical diagnosis should be derived 
from physical examination and the medical history. Infants with RVI who present 
with nonspecific findings such as temperature instability, apnea, or respiratory dete-
rioration may be difficult to differentiate from infants with late-onset sepsis (see 
chapter “Late-Onset Sepsis”). Viral testing can differentiate RVI from bacterial 
infection. When RVI is suspected, determining the etiology is still useful as it may 
assist antimicrobial stewardship efforts, identify ongoing horizontal transmission 
within the unit, and identify infants who could benefit from antiviral therapy (i.e., 
those with influenza).

Serologic testing or viral culture is rarely used any longer to diagnose 
RVI. Instead, the nasopharynx or, rarely, bronchoscopy fluid can be directly tested 
for viral material:

Rapid antigen detection tests collected by nasal lavage or swab offer results in 
≤60  min with 80–90% sensitivity, though false negatives have been reported in 
children aged less than 3 months.

Polymerase chain reaction is the gold standard test for respiratory viruses, offer-
ing 93–100% sensitivity and 64–100% specificity [1]. The BioFire® FilmArray 
respiratory panel (Salt Lake City, Utah, USA) currently allows for testing of up to 
17 respiratory viruses and 3 bacteria from a single sample. Rogers et al. [24] found 
that implementation of rapid respiratory panel testing significantly reduced the 
duration of antibiotic use, the length of inpatient stay, and the patient’s time in isola-
tion. These findings support the use of PCR testing when indicated and where 
available.

 Treatment

With the exception of oseltamivir for influenza infection, there are no specific anti-
viral therapies available for treatment of RVI in infants. Treatment is instead limited 
to supportive care with supplemental oxygen and intravenous hydration [1, 6]. 
Nebulized 3% hypertonic saline has also shown to be a safe and effective respiratory 
support. There is insufficient evidence for the efficacy of bronchodilators, steroids, 
antibiotics, or respiratory physical therapy in the treatment of bronchiolitis, and 
international guidelines for bronchiolitis treatment remain limited to supplemental 
oxygen and intravenous fluids [1].
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For influenza, dosing recommendations are available for term and preterm 
infants. However, safety data is limited for infants younger than 3 months, so treat-
ment should be reserved for high-risk cases such as infants with acute respiratory 
decompensation or extreme prematurity [25].

 Prevention

Prevention is the best medicine for RVI in preterm infants. In the absence of antivi-
ral therapies or vaccines against most RVIs, environmental prophylaxis is most 
effective means of prevention. Compliance with hand hygiene protocols and the 
decontamination of objects and surfaces in the NICU have been shown to be effec-
tive in reducing preterm infants’ exposure to RVI [26].) For especially devastating 
infections such as RSV, additional preventative measures include active surveil-
lance with testing, cohorting infected infants away from those testing negative, use 
of pathogen-specific precautions (see chapter “Principles of Infection Prevention in 
the Nursery”), and limiting patient contact with visitors [27–30]. For eligible 
patients, palivizumab is a safe and effective means of pharmacological prophylaxis 
against RSV [31]. In 2014, the American Academy of Pediatrics’ Committee on 
Infectious Diseases and Bronchiolitis Guidelines Committee issued new recom-
mendations for infants eligible to receive palivizumab prophylaxis (see chapter 
“Immunizations in the Nursery”).

Finally, recent research has focused on the effects of restrictions on sibling visits 
to patients in the NICU for the prevention of RVIs. Peluso et al. [32] demonstrated 
a significant reduction in RSV infections after implementing restrictions on all visi-
tors under the age of 13 years. Similarly, Caserta et al. [33] found that visitor restric-
tions on children less than 14 years in combination with other hand hygiene 
protocols were associated with a significantly lower rate of infection than in term 
infants living in the community and in preterm infants once discharged from the 
hospital. These findings highlight the need for additional research to develop 
improved protocols for the prevention of RVI in the NICU.
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Pathogenesis of Congenital Infections
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 Terminology

A variety of terms are used to refer to infections of the fetus and newborn (Table 1). 
For the purposes of this book, the following mutually exclusive terms will be used 
preferentially:

Congenital infection: Transmission of a pathogen from the mother to the fetus via 
the placenta

Perinatal infection: Transmission of a pathogen from the mother to the infant via 
contact with an infected birth canal during the birth process

Postnatal infection: Transmission of a pathogen from any individual to the infant 
after delivery

 Epidemiology

The incidence of specific infections can be found in their respective chapters. The 
incidence of congenital infection varies geographically, but overall incidence is 
approximately 1–2% of live births [1]. The majority of these infections are due to 
cytomegalovirus, but a tremendous variety of pathogens are capable of causing con-
genital infection (Table 2). Notably, the percentage of infants who require additional 
observation or evaluation due to suspected congenital (or perinatal) infection is sub-
stantially higher, but many of these infants ultimately are determined to be 
uninfected.
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 Pathogenesis

The immune system of a pregnant woman is in a delicate balance between protect-
ing the mother from infection while remaining tolerant of allogenic fetal antigens. 
This state of tolerance is achieved in part by a relative reduction in CD8+ T cell 

Table 1 Selected terms for infection of the fetus and newborn and their definitions

Congenital 
infection

Transmission of a pathogen from the 
mother’s bloodstream to the fetus via 
the placenta

Preferred term

In utero 
infection

Transmission of a pathogen from the 
mother to the fetus before delivery

Not preferred; does not distinguish 
between true congenital infection and 
ascending perinatal infection that occurs 
before delivery (e.g., group B 
streptococcal disease apparent at birth 
due to prolonged rupture of membranes 
or chorioamnionitis)

Perinatal 
infection

Transmission of a pathogen from the 
mother to the newborn during delivery 
due to organisms from the genital tract

Preferred term

Vertical 
infection

Transmission of a pathogen from the 
mother to the fetus or newborn

Not preferred, does not distinguish 
between either congenital or perinatal 
infections or postnatal infections whose 
source is the mother

Horizontal 
infection

Transmission of a pathogen from an 
individual other than the mother to the 
infant

Not preferred; often used synonymously 
with postnatal infection

Postnatal 
infection

Transmission of a pathogen from an 
individual to the infant after delivery

Preferred term

Table 2 Pathogens capable of causing congenital infection

Viral Bacterial Protozoan Fungal
Cytomegalovirus (most 
common)
Adenovirus
Enteroviruses
Hepatitis B
Hepatitis C
Herpes simplex virus
Human immunodeficiency virus
Lymphocytic choriomeningitis 
virus
Parvovirus
Rubella
Smallpox
Varicella-zoster
Zika

Borrelia burgdorferi
Brucella sp.
Campylobacter fetus
Listeria monocytogenes
Mycobacterium 
tuberculosis
Salmonella typhi
Treponema pallidum 
(syphilis)

Babesia microti
Plasmodium sp. 
(malaria)
Toxoplasma gondii
Trypanosoma cruzi

Candida 
sp.
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function, the main driver of cell-mediated immunity [2]. Therefore, certain infec-
tions that require effective cytotoxic T cells for control may be more common or 
more severe in pregnancy (e.g., listeriosis, toxoplasmosis). Additionally, infections 
may trigger an increased cytotoxic T cell response that can disrupt the immune tol-
erance of the fetus and lead to fetal loss or premature delivery [3]. Unsurprisingly, 
many maternal infections are associated with higher rates of spontaneous abortion, 
stillbirth, and premature labor.

Fortunately, the incidence of fetal infection is markedly lower than maternal 
infection. There are several physical and immunologic barriers in place to protect 
the fetus from maternal pathogens (Fig. 1).

 Maternal Infection

Maternal immunity: Preexisting immunity will prevent maternal infection in the 
first place and therefore decrease the risk of fetal infection. For example, preconcep-
tional immunity to rubella eliminates the risk of congenital rubella syndrome in the 
fetus.

Maternal control of infection: The majority of infections in pregnant women 
are contained by their innate and adaptive immune systems and with appropriate 
antimicrobial therapy when indicated. Infections that do not reach the blood-
stream do not have the opportunity to cross the placenta. In addition, some of 
the infections that do reach the maternal bloodstream are effectively controlled 
there by antibody and complement before the pathogen is able to reach the 
placenta.

infections that 
cause fetal
 symptoms

Infections that reach fetal
side of placenta (chorion)

and infect fetus

Infections that
reach maternal
side of placenta

(decidua)

Infections that
reach maternal

bloodstream
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Fig. 1 Only a small fraction of maternal infections reach the fetus, due to the extensive physical 
and immunologic barriers designed to protect the fetus from maternal pathogens
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 Placental Control of Infection

When organisms evade maternal control and reach the bloodstream, they are carried 
to the maternal side of the placenta (the decidua) via the uterine arteries. Infection 
of the placenta is necessary—but not sufficient—for fetal infection. Histopathologic 
studies estimate the proportion of infections that are controlled by the placenta 
before fetal infection can occur at ~50% [4]. Two different factors account for the 
placental control of infection:

Immunologic control: The decidua has its own unique immunologic milieu that 
includes natural killer cells, toll-like receptors, phagocytes, and distinct cyto-
kines that moderate the transmission of infection between the decidua and the 
fetal side of the placenta (the chorion) [5].

Physical barrier: Although maternal blood comes into very close approximation 
with fetal blood in the intervillous space, there is no direct communication 
between the two circulations under normal circumstances. Pathogens have to 
navigate this intervillous space either directly (e.g., cell-to-cell spread) or indi-
rectly (e.g., by hijacking pinocytosis or active transport mechanisms) [6]. 
However, abnormal placentation, microhemorrhages, or overt maternal-fetal 
hemorrhage can lead to maternal-fetal mixing and increased risk for transplacen-
tal transmission of pathogens.

As a result, the placenta is a relatively effective barrier even in the setting of 
maternal bloodstream infection.

 Fetal Infection

Pathogens that successfully cross the placenta and reach fetal circulation cause fetal 
infection. The effects of fetal infection vary widely and depend on several factors, 
the most important of which is the timing of fetal infection (Fig. 2). In general, fetal 
infection early in pregnancy is less common (since immature placental development 
means larger distances between the maternal and fetal circulation) but significantly 
more severe (due to disruption of early organogenesis by the infecting organism). In 
contrast, fetal infection late in pregnancy is more common, but signs of infection 
may be mild or absent. Signs of fetal infection include:

Pregnancy loss: Severe infection can result in spontaneous pregnancy loss or 
stillbirth. For example, untreated congenital syphilis is associated with fetal 
loss in up to 20% of cases [7]. Additionally, congenital infection may lead to 
elective abortion in situations when a prenatal diagnosis is made and ultraso-
nography suggests severe fetal malformations (e.g., congenital Zika infection 
or cytomegalovirus). Finally, very early fetal infection (i.e., <6 weeks) may 
cause embryonic death and reabsorption, although this incidence has not been 
determined as embryonic death generally occurs before the pregnancy is rec-
ognized [8].
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Premature delivery: In addition to the clinical signs listed below, fetal inflammation 
can trigger premature delivery. An increase in fetal interleukin production is 
hypothesized to be an important trigger of normal labor; presumably, increased 
cytokine production by the infected fetus triggers preterm labor [9].

Fetal signs: Disseminated infection of the fetus leads to a common final pathway 
of systemic inflammation, reticuloendothelial activation, and impaired hematopoiesis. 
This results in a nonspecific phenotype shared by many congenital infections (Box 1).

: Risk of infection

1st trimester 2nd trimester 3rd trimester

: Severity of infection

Fig. 2 Early in pregnancy, the severity of fetal infection (gray line) is significantly greater as it can 
disrupt organogenesis or cause pregnancy loss. However, the risk of fetal infection (black dashed 
line) is lower due to immature placental development. Later in pregnancy, as the maternal and fetal 
circulations grow closer, fetal infection is easier to achieve but less likely to result in overt clinical 
signs. This graph demonstrates why the majority of infants with congenital infections are asymp-
tomatic in the newborn period

Box 1 Common Signs of Congenital Infection in the Fetus and Newborn
Intrauterine growth restriction
Small for gestational age
Maculopapular exanthems
Hepatosplenomegaly
Jaundice
Purpura or petechiae
Anemia
Chorioretinitis
Meningoencephalitis
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Certain signs are more specific to certain pathogens, and these are discussed in 
detail in pathogen-specific chapters (e.g., cataracts in congenital rubella syndrome 
or periventricular calcifications in congenital cytomegalovirus infection.) However, 
other signs are common to virtually all congenital infections:

Growth restriction: Intrauterine growth restriction can result from impaired transfer 
of nutrients to the fetus across the infected placenta as well as increased con-
sumption of nutrients due to unchecked fetal infection. Infected infants may have 
intrauterine growth restriction and/or be small for gestational age [10].

Reticuloendothelial activation: The fetal immune response to infection includes 
activation of macrophages, which leads to enlargement of the lymph nodes, 
spleen, and liver. Hepatosplenomegaly is a common, nonspecific sign of con-
genital infection.

Impaired hematopoiesis: Congenital infection involves the bone marrow, and the 
resulting inflammation suppresses hematopoiesis and leads to anemia and throm-
bocytopenia. In an effort to produce blood cells, the fetus will revert to sites of 
extramedullary hematopoiesis from earlier in fetal life, including the liver and 
spleen (which contributes to hepatosplenomegaly) and the skin (causing the clas-
sic “blueberry muffin” rash of blue hematopoietic cells within jaundiced skin). 
Purpura, petechiae, and pallor are other common findings.

Jaundice: Increased stress on the fetal liver from reticuloendothelial activation, 
extramedullary hematopoiesis, and the infection itself results in decreased 
 bilirubin conjugation and transport. Affected infants are at higher risk for jaun-
dice, often due to a combination of direct and indirect bilirubin.

The asymptomatic infant: Although all of the above-listed outcomes and findings 
are seen with fetal infection, it is important to remember that the majority of new-
borns with congenital infection are asymptomatic [1]. As a result, many congenital 
infections go undiagnosed during the newborn period. However, even clinically 
silent congenital infection can have a major impact on long-term morbidity. To 
name just a few examples, undiagnosed congenital cytomegalovirus infection can 
cause late-onset hearing loss, undiagnosed congenital toxoplasmosis can cause cho-
rioretinitis in adulthood, and undiagnosed congenital syphilis can result in marked 
bone destruction and deformity [11–13].
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 Epidemiology

Chagas disease is an infection caused by the protozoan parasite, Trypanosoma cruzi 
(T. cruzi). Chagas disease is an emerging health concern in the United States [1]. It 
is estimated that 300,000 persons living in the United States have chronic Chagas 
disease, including approximately 40,000 women of childbearing age [2]. An esti-
mated 63–315 infants are born each year with congenital Chagas disease [2, 3].

Identifying women who have lived in regions where Chagas disease is endemic 
is important for determining those for whom diagnostic testing during pregnancy 
should be considered. Most women in the childbearing years who have Chagas 
disease acquired the infection while living in Mexico, Central America, or South 
America. The country of origin for approximately 85% of T. cruzi-infected women 
living in the United States is Mexico, El Salvador, Guatemala, Honduras, or 
Nicaragua. Among the remainder, many acquired infection in endemic regions in 
Argentina, Ecuador, Colombia, Brazil, or Bolivia [2].
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 Pathogenesis

Chagas disease is a vector-borne infection. The usual mode of transmission is 
through exposure to bloodsucking triatomine insects, known as kissing bugs, 
which carry T. cruzi in their intestinal tracts. Triatomines defecate when they bite, 
and feces of infected insects containing T. cruzi trypomastigotes enter the human 
body through a bite wound, intact mucous membranes, or conjunctivae. Risk of 
infection among persons living in Chagas disease-endemic regions is greater for 
those with repeated and prolonged exposure to triatomine bugs, for example, 
through residence in a rural setting or living in adobe or thatched-roofed 
dwellings.

The vector of T. cruzi or a mammalian reservoir, or both, has been documented 
in at least 28 states in the southern half of the United States. Vector-borne Chagas 
disease acquired in the United States can occur but has been documented, to date, 
in fewer than 50 persons. These individuals have lived in locales in which the vec-
tor or an infected mammalian reservoir was identified, and they have had potential 
for exposure through working outdoors or participating in outdoor leisure activities 
[4]. Blood transfusion and organ transplantation are potential modes of transmis-
sion, but donor screening for T. cruzi has rendered these modes of transmission 
rare in the United States [5]. Breast milk-associated transmission has not been 
reported.

Newborn infants are at risk for congenital infection if their mothers have acute or 
chronic T. cruzi infection. Acute Chagas disease in children or adults usually mani-
fests as a mild and self-limited influenza-like illness that lasts 4–8 weeks; parasit-
emia is present during acute phase infection. Infection then enters a chronic phase 
that, without treatment, persists for life. In chronic phase infection, the parasite is 
found in tissues of the body and is undetectable in peripheral blood. After years or 
decades, 20–40% of people with untreated infection develop Chagas cardiomyopa-
thy or gastrointestinal disease. Features of cardiomyopathy can include arrhyth-
mias, left ventricular dysfunction, congestive heart failure, apical rupture, and death. 
Gastrointestinal disease, including megaesophagus or megacolon, occurs less com-
monly but can cause substantial morbidity. Most women in the childbearing years 
who are living in the United States have chronic Chagas disease without symptoms 
and are unaware that they are infected.

Congenital transmission of T. cruzi occurs during the second or third trimesters 
of pregnancy [6]. Congenital infection is not thought to lead to congenital malfor-
mation, presumably because transmission occurs only after organogenesis is com-
plete. The risk of transmission from a mother with chronic Chagas disease to her 
infant is 1–5% [2]. Factors thought to influence the likelihood of transmission 
include parasite strain, as there may be differences in strain virulence and invasive-
ness, level of parasites in the blood, and advancing maternal age, as this can impact 
integrity of the placental barrier. The risk is further increased for mothers with 
untreated human immunodeficiency virus coinfection.
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 Clinical Findings

Approximately 10–40% of T. cruzi congenitally infected infants have clinical find-
ings at birth [7, 8]. Congenital Chagas disease can be associated with premature 
rupture of the membranes and preterm delivery [9]. Congenitally infected infants 
can present with low birth weight for gestational age, low Apgar scores, and find-
ings such as hepatosplenomegaly, jaundice, anemia, or thrombocytopenia. Less 
common manifestations of congenital Chagas disease include hydrops fetalis, hepa-
titis, pneumonitis, cardiac failure, and meningoencephalitis. There are no pathogno-
monic clinical features of congenital Chagas disease. The diagnosis should also be 
considered when the maternal history is consistent with exposure to triatomines. 
There have been two confirmed cases reported in the United States, both to mothers 
who had immigrated from a country endemic for Chagas disease. Each infant 
 presented with hydrops fetalis. There are no reports of congenital Chagas disease in 
the US birth cohort [10, 11].

Healthy-appearing, congenitally infected infants generally do well in infancy. 
However, 20–30% of children with untreated congenital Chagas disease, with or 
without signs of infection at birth, will develop irreversible life-threatening and 
often fatal heart disease after years or decades of silent infection [12]. Conduction 
system abnormalities are an early manifestation of Chagas heart involvement. 
Cardiac arrhythmias, apical or ventricular aneurysms, and progressive dilated car-
diomyopathy with congestive heart failure carry a high risk of sudden death [13]. 
Gastrointestinal tract manifestations, which include megaesophagus and megaco-
lon, are a debilitating but usually nonfatal late manifestation of untreated infection. 
Reactivation of infection, potentially causing severe disease, can occur in people 
who have suppressed immune systems in association with chemotherapy, organ 
transplantation, or human immunodeficiency virus infection.

 Diagnosis

The diagnosis of Chagas disease in chronically infected pregnant women is estab-
lished by serologic testing (Fig.  1) [14]. Pregnant women who have lived in a 
Chagas disease-endemic region should undergo screening for T. cruzi IgG antibod-
ies through a commercial laboratory. Most commercial laboratories employ enzyme- 
linked immunoassay (ELISA)-based tests. Because no single serologic test is 
sufficiently sensitive and specific to establish the diagnosis, women who screen 
positive for T. cruzi antibody require confirmatory testing at a reference laboratory, 
such as the Parasitic Diseases Branch Laboratory at the Centers for Disease Control 
and Prevention (CDC). The standard approach for confirmation of the diagnosis is 
to perform at least two tests that use different techniques and different antigen prep-
arations to detect antibodies to T. cruzi antigens. Testing at CDC is performed at no 
charge to the patient. The state health department should be contacted regarding 
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requests for testing at CDC; in many states, including those in which Chagas disease 
is a reportable infection, routing of specimens to CDC through the state public 
health laboratory is required. As of 2018, Chagas disease is a reportable infection in 
Arizona, Arkansas, Louisiana, Mississippi, Tennessee, and Texas. Women identified 
as having Chagas disease should be referred for clinical evaluation and, after the 
infant is delivered, treatment.

Infants born to women identified as positive for acute or chronic T. cruzi infec-
tion should undergo testing as soon as possible after birth (Fig. 2) [14]. Serologic 
testing is appropriate to determine infant risk if the mother was not tested during 
pregnancy. The only method to establish the diagnosis of congenital Chagas disease 
conclusively in a neonate is by detection of trypomastigotes, either by microscopic 
examination of fresh anticoagulated blood specimens or by PCR testing of whole 
blood through the Parasitic Diseases Branch Laboratory at CDC. The CDC refer-
ence laboratory employs a multi-targeted PCR testing algorithm using T. cruzi 
minicircle TaqMan real-time PCR and nuclear T. cruzi minisatellite TaqMan real- 
time PCR assays to detect circulating parasite DNA [10, 15]. Results of testing are 
usually available within 1 week.

A positive initial PCR result requires confirmation by testing a second blood 
specimen, because low levels of maternal DNA can, on occasion, be detected in 
uninfected infants born to infected mothers (Fig. 2). Detection of maternal DNA is 

Algorithm for Evaluation of Chagas Disease in Pregnant Women

Pregnant woman from a Chagas-endemic region?

No

No

Positive Negative

Chagas disease excluded

T. cruzi serology through a
commercial laboratory

History of residence in U.S. areas where triatomine
bugs are known to carry T. cruzi and there is
concern for exposure to triatomines?

Yes

Yes

Chagas disease is unlikely:
serologic testing has a low yield

Positive

Clinical assessment and treatment after infant delivered

Negative

Confirmatory T. cruzi serology at a reference diagnostic
laboratory such as Parasitic Diseases Branch
Laboratory of CDC

Fig. 1 Algorithm for the evaluation of Chagas disease in pregnant women
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unlikely after the first week or two of life. If a second PCR is positive, the diagnosis 
of congenital Chagas disease is confirmed, and the infant should be evaluated clini-
cally for signs of infection and treated. A negative initial PCR result should be fol-
lowed by repeat testing when the infant is age 4–6 weeks to confirm absence of 
infection because the level of parasitemia increases after birth and is not always 
detectable in the first weeks of life [16]. If PCR testing at age 4–6 weeks is positive 
in an infant born to a mother with T. cruzi infection, the diagnosis of congenital 
Chagas disease is confirmed, and the infant should be evaluated clinically and 
treated.

If an infant born to a mother with chronic Chagas disease has no detectable 
parasitemia by molecular testing, the infant’s serologic status should be moni-
tored. Passively acquired maternal antibody wanes to undetectable levels by 9 
months after birth. Infants who are uninfected should be antibody negative when 
tested at age 9–12 months. Similarly, if an infant born to a mother with chronic 
Chagas disease is first evaluated at age >3 months, serologic testing at age 9–12 
months is the appropriate approach to document or exclude congenital infection 
(Fig. 3) [14].

Serologic testing through a commercial laboratory is indicated for all siblings of 
an infant exposed to maternal Chagas disease. Maternal relatives, including the 
grandmother, should also undergo screening serologic testing. Other family or 
household members who share the same risk history should also be screened for 
infection.

Algorithm for Evaluation of Congenital Chagas Disease:
Infant <3 Months of Age*

Giemsa stain or PCR positive?

Yes No

Evaluate the infant for treatment+ Repeat microscopic examination of blood smear and PCR at
4-6 weeks of age. Giemsa stain or PCR positive? 

Yes No

*Infant born to mother with suspected or
confirmed Chagas disease OR infant with
symptoms of congenital Chagas disease in
at-risk mother with serologic status unknown.   

+A positive PCR should be confirmed by
repeat testing before treatment to exclude
contamination from maternal blood.  

Evaluate the infant for treatment

Serology negativeSerology positive

Congenital Chagas
disease excluded 

Serology when
infant >9 months of age  

Evaluate the infant for
treatment 

At time of birth, test cord blood (if no maternal blood contamination) or whole blood from infant for:
Microscopic examination of blood (Giemsa stain for T. cruzi trypomastigotes) 
PCR
Chagas disease serology if mother not tested during pregnancy to detect maternal antibody and determine whether infant at risk 

Fig. 2 Algorithm for evaluation of congenital Chagas disease in infants age <3 months
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 Treatment

The American Academy of Pediatrics recommends treatment for all cases of acute 
or congenital Chagas disease as well as chronic T. cruzi infection in children age 
<18 years [17]. The two medications employed for treatment of Chagas disease, 
including congenital infection, are benznidazole and nifurtimox. The dosing for 
both medications is age-specific. Benznidazole is administered at a dose of 10 mg/
kg/day orally in two divided doses for 60 days in infants and children age <12 years. 
Nifurtimox is administered at a dose of 15–20 mg/kg/day orally in three or four 
divided doses for 90 days in infants and children age <10 years. Benznidazole is 
considered first-line treatment based upon the accumulated clinical experience and 
a more favorable side effect profile. The medications are generally well tolerated in 
neonates and infants [18]. In 2017, the US Food and Drug Administration granted 
accelerated approval to benznidazole for use in children ages 2–12 years with 
Chagas disease [19]. Information regarding treatment of T. cruzi infection for neo-
nates or young infants with confirmed congenital Chagas disease can be obtained by 
contacting CDC’s Parasitic Diseases Inquiries Service at (404) 718–4745 or para-
sites@cdc.gov, including assistance with release of nifurtimox under an investiga-
tional protocol.

Algorithm for Evaluation of Congenital Chagas Disease (CCD) for Infants
≥3 Months of Age

Infant is ≥3 months of age and born to a mother with Chagas disease?

Yes

Positive?

Positive?

Yes

Yes

No

No CCD excluded

Screen sample of infant serum for T. cruzi antibody

Obtain confirmatory T. cruzi serologic testing when infant is
>9 months of age

Evaluate the patient for treatment

Fig. 3 Algorithm for evaluation of congenital Chagas disease for infants age ≥3 months
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Mothers identified as having chronic Chagas disease should receive treatment 
after delivery for their own well-being and because untreated infection can be trans-
mitted during subsequent pregnancies. Treatment is contraindicated during preg-
nancy. Safety for infants exposed to antitrypanosomal medications through 
breastfeeding has not been evaluated; withholding maternal treatment until cessa-
tion of breastfeeding is recommended. Breastfeeding by mothers with chronic 
Chagas disease should be withheld only if there is bleeding around the nipples and 
then only until bleeding has resolved.

 Prevention

There are important challenges to providing optimal care for infants with congenital 
Chagas disease. Enhanced awareness of Chagas disease as a health concern for 
women and infants born in the United States is needed to prompt diagnostic evalu-
ation of at-risk infants and improve long-term outcomes from congenital Chagas 
disease. Substantial knowledge gaps regarding Chagas disease awareness and 
knowledge have been identified among healthcare providers, including obstetrician- 
gynecologists [20, 21]. In particular, education to promote targeted screening of 
at-risk pregnant women is needed.

Data are needed to better understand the extent and distribution of Chagas disease in 
the United States in the ~40,000 women of childbearing age with chronic T. cruzi infec-
tion so that efforts to identify and treat infants with congenital infection can be expanded. 
Diagnostic tests with improved specificity and sensitivity as well as validated rapid 
screening tests are needed to simplify the process of identification of T. cruzi-infected 
adults and infants. Safe, effective, and easily accessible drugs for treatment are needed. 
As these advances are underway, caregivers of neonates have an unparalleled opportu-
nity to initiate evaluation of infants at risk for congenital Chagas disease so that those 
with confirmed T. cruzi infection can receive curative treatment early in life.
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Cytomegalovirus Infection

Andrea Ronchi, Lorenza Pugni, and Fabio Mosca

 Epidemiology

Adult infection. Human cytomegalovirus (CMV) is an ubiquitous double-stranded 
DNA herpesvirus [1]. CMV is found only in humans; primary infection is followed 
by lifelong persistence of the virus in a latent phase and periodic reactivations. 
Reinfection with other strains of CMV may occur and can cause congenital infec-
tion in seropositive women [2]. The virus spreads from person to person via contact 
with infected bodily fluids, most notably saliva. CMV infection is very common; 
seropositivity ranges from 50 to 70% in the United States and Western Europe and 
is >90% in developing countries [3–5]. Low socioeconomic status, non-white race, 
sexual activity, and child care (either personally or professionally) are associated 
with CMV infection. This is because young children who acquire CMV infection in 
the first few years of life shed the virus in urine and saliva for an average of 
18 months [6]. The annual rate of infection in seronegative individuals is approxi-
mately 1–2%, but seronegative women caring for young children acquire CMV at 
rates 10–25 times higher [7].

Congenital infection. Congenital CMV infection is the most common congenital 
infection by an order of magnitude [8]. Congenital CMV constitutes a major public 
health problem because of its frequency and its role as a cause of sensorineural hear-
ing loss (SNHL) and central nervous system damage in children. In the United 
States, large prospective cohort studies suggest that approximately 0.5–0.7% (1 in 
140–200) infants have congenital cytomegalovirus, which equates to approximately 
25,000 infected infants annually [9]. Of these, more than 3500 will develop SNHL 
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at some point during childhood. In developing countries, the incidence of congenital 
CMV is higher; rates as high as 5% have been reported in sub-Saharan Africa [10]. 
This may be due in part to concomitant infection with HIV; risk for congenital 
CMV infection is increased sixfold in infants who are also HIV-exposed. 
Immunosuppression is associated with increased CMV shedding in the genital tract 
and with a higher rate of CMV reactivation.

Postnatal infection. Postnatal infection is most commonly acquired by ingestion 
of CMV-positive breast milk. Blood transfusions are a theoretical route of infection, 
but CMV-safe transfusion practices have virtually eliminated infection of infants via 
blood transfusion [11]. The rate of infection among newborns fed CMV-positive 
breast milk varies from 15 to 70%.

 Pathogenesis

CMV can be transmitted to the fetus following (1) a primary maternal infection dur-
ing pregnancy, (2) reactivation of latent virus, or (3) reinfection with a new strain.

Primary infection. Primary CMV infection is reported in 1–4% of seronegative 
women during pregnancy, and the risk of viral transmission to the fetus is much 
higher in primary infected mothers than in mothers with preconceptional immunity 
(30–35% versus 1–2%) [7, 12].

Reactivation or reinfection. Preconceptional immunity to CMV provides sub-
stantial protection against intrauterine transmission, newborn disease, and sequelae. 
The relatively benign course in the infants of mothers with recurrent infection is 
presumably due to the modulating effect of preexisting maternal antibody. However, 
this protection is incomplete as intrauterine transmission and symptomatic congeni-
tal infections do occur in infants born to women who were seropositive before preg-
nancy. Therefore, considering the high seroprevalence in adults, congenital CMV 
infection occurs as a result of non-primary maternal infection in approximately two- 
thirds of infected infants [2].

The risk of congenital CMV infection increases with increasing gestational age, 
from 30 to 40% in the first trimester to 70–90% at the end of pregnancy. However, 
the risk of fetal damage is much higher when the fetus is infected in the early stages 
of pregnancy (see chapter “Pathogenesis of congenital infections”).

 Clinical Findings

Older children and adults. Manifestations of primary infection in adults and chil-
dren vary with the age and the immunocompetence of the host. Asymptomatic 
infections are the most common, particularly in young children. In contrast, nonspe-
cific “influenza-like” illness, prolonged fever, fatigue, and malaise mimicking infec-
tious mononucleosis or even overt hepatitis can occur in older children and adults. 
Immunocompromised hosts are at risk for end-organ dysfunction including retinitis 
and pneumonia [1].
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Symptomatic congenital infection. Approximately 10–15% of congenitally 
infected infants have symptoms at birth. The clinical picture varies widely, rang-
ing from mild findings to a severe disease with multiple organ system involve-
ment, especially reticuloendothelial system and central nervous system (Table 1) 
[13]. The most common findings are petechiae, jaundice, hepatomegaly, spleno-
megaly, intrauterine growth restriction, and neurological signs or symptoms such 
as microcephaly, seizures, hypotonia, and lethargy [14]. Laboratory findings 
include thrombocytopenia, conjugated hyperbilirubinemia, high level of trans-
aminases, and elevated cerebrospinal fluid protein level. Ocular and auditory 
damage, especially chorioretinitis and SNHL, may be present at birth. Brain 
abnormalities include congenital malformations (e.g., ventriculomegaly, polymi-
crogyria, cerebellar hypoplasia) and destructive lesions (e.g., impaired myelina-
tion, calcifications, frontal/temporal/germinolytic cysts), depending on the timing 
of infection.

It should be highlighted that the diagnostic criteria of symptomatic infection vary 
widely in the literature. For example, some authors have considered neonates with 
isolated intrauterine growth restriction as symptomatic, whereas other authors have 
not. In addition, neonates with isolated SNHL are not classified as symptomatic by 
all authors. In 2017, a consensus recommendation from a panel of experts suggested 
definitions of congenital CMV infection and disease previously published, with 
minor adjustments (Table 2) [15]. The mortality rate in symptomatic infants is about 
5–10%; approximately 50% of survivors develop sequelae, including SNHL, visual 
deficits, and cognitive and motor deficits [13–15].

Asymptomatic congenital infection. The remaining 85–90% of infants with con-
genital CMV are asymptomatic at birth. The risk for long-term sequelae is reduced, 

Table 1 Clinical and laboratory findings in infants with symptomatic congenital cytomegalovirus 
infection

Clinical findings Infants with abnormality %
  Petechiae 70–80
  Jaundice 70
  Hepatosplenomegaly 60
  Microcephaly 50
  Intrauterine growth retardation 50
  Chorioretinitis/optic atrophy 20
  Purpura 10
  Seizures <10
Laboratory findings
  Elevated aspartate aminotransferase (AST, >80 U/L) 80
  Conjugated hyperbilirubinemia (direct bilirubin >4 mg/dL) 80
  Thrombocytopenia (<100,000/mm3) 75
  Elevated cerebrospinal fluid protein (>120 mg/dL) 50

Adapted from references [13, 14]
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but not eliminated, with asymptomatic infection. Approximately 10–15% will 
develop sequelae, particularly SNHL and learning disorders [16]. Notably, some 
infants initially classified as “asymptomatic” actually have signs of infection once a 
thorough evaluation is performed; the distinction has important prognostic implica-
tions. Although individual risk is greater for symptomatic infants, asymptomatic 
infants account for the majority of CMV-associated SNHL (Fig. 1).

Sensorineural hearing loss. SNHL is the most common sequela of congenital 
CMV infection, affecting about 50% of symptomatic and 10% of asymptomatic 
infants [17]. Congenital CMV infection is the most common cause of nongenetic 
hearing loss worldwide [18]. SNHL is bilateral in most cases and can vary from 
mild loss to profound impairment. SNHL may be present in the newborn period or 
appear as late as adolescence; the median age at onset is 33 months for symptom-
atic and 44 months for asymptomatic infants. Approximately 50% of congenitally 
infected infants with SNHL will have further deterioration of their hearing. The 
rate of progression seems to be similar regardless of whether the infant had a 

Table 2 Definitions of congenital cytomegalovirus infection and disease among infants with con-
firmed infection, adapted from [15] 

Classification Recommendation
Moderate-severe
Multiple manifestations attributable to congenital cytomegalovirus 
infection, including:
    • Thrombocytopenia
    • Petechiae
    • Hepatosplenomegaly
    • Intrauterine growth restriction
    • Hepatitis (elevated transaminases or direct bilirubin)
or
Central nervous system involvement, includinga:
    • Microcephaly
    • Ventriculomegaly
    • Periventricular calcifications or echogenicity
    • Cortical or cerebellar dysplasia
    • Abnormal cerebrospinal fluid indices

Antiviral treatment for 
6 months
Multidisciplinary 
follow-up

Mild
1–2 isolated, noncentral nervous system manifestations (e.g., mild 
hepatomegaly or a single measurement of low platelet count or raised 
levels of alanine aminotransferase)

No treatmentb

Multidisciplinary 
follow-up

Asymptomatic infection with isolated sensorineural hearing loss
     • Sensorineural hearing loss (≥ 21 decibels) without other clinical 
findings of congenital CMV infection
Asymptomatic without hearing loss
     • No apparent abnormalities to suggest congenital cytomegalovirus 
disease and normal hearing

No treatment
Multidisciplinary 
follow-up

aNo consensus on whether isolated lenticulostriate vasculopathy is considered evidence of central 
nervous system involvement [37]
bNo evidence or formal recommendation to treat infants with mild disease or those who have iso-
lated hearing loss, but some providers would offer treatment
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symptomatic or an asymptomatic infection. CMV-related hearing loss can also 
fluctuate from mild to profound over time, but the overall pattern is one of deterio-
ration [19].

Postnatal infection. In extremely premature infants, postnatal CMV infection 
may be asymptomatic or can present with nonspecific sepsis-like illness or with 
focal disease (e.g., hepatitis, pneumonitis) [11]. However, in contrast to congenital 
CMV infection, there is no compelling evidence that risk for long-term neurologic 
sequelae or SNHL is increased following postnatal CMV infection [20].

~4,000,000 infants born in the
United States annually

~25,000 infants/year with
congenital CMV infection

~2500 symptomatic infants

~1250 with hearing loss ~2250 with hearing loss

~22,500 asymptomatic infants

0.6% with congenital
CMV infection

10% symptomatic
90% asymptomatic

50% risk for SNHL

Symptomatic Asymptomatic

10% risk for SNHL

Relative contribution of symptomatic versus asymptomatic
congenital CMV infection to annual SNHL cases

1250

2250

Fig. 1 Although case-by-case risk for sensorineural hearing loss (SNHL) is higher for infants with 
symptomatic congenital cytomegalovirus (CMV) infection, the preponderance of CMV-associated 
SNHL annually is actually due to asymptomatic infants due to their greater numbers. As a result, 
there is significant interest in research toward a universal screening program for congenital CMV 
infection, which would allow earlier identification, targeted screening, and prompt audiological 
correction of CMV-associated SNHL
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 Diagnosis

Diagnosis of CMV infection can be based on serology or by detection of CMV in 
bodily fluids by PCR or culture. Serology is most often used for screening pur-
poses, whereas PCR or culture is favored for confirmation of congenital CMV in 
neonates [15].

 Diagnosis of Maternal Infection During Pregnancy

CMV screening during pregnancy remains a topic of intense interest and research, 
but still no consensus has been reached [21]. Therefore, universal CMV screening 
of pregnant women is not currently recommended as part of routine antenatal 
screening in any country. However, some providers view routine CMV screening at 
the beginning of pregnancy as useful as it can identify seronegative women that may 
benefit from education and preventive measures. “Serial” screening for primary 
infection during pregnancy in seronegative women is even more controversial, since 
there is no evidence-based prenatal treatment option (see Treatment, below).

Maternal primary infection is defined as detection of IgG antibody to CMV in a 
previously seronegative woman (seroconversion). Unfortunately, seroconversion 
during pregnancy is not easily documented, since maternal immunity status just 
before conception is often unknown. In addition, IgM antibodies to CMV may per-
sist for months after primary infection and can reappear during reactivation or rein-
fection. When the exact timing of seroconversion is unknown, avidity testing can be 
useful [22]. The avidity test is a measure of the binding capacity of CMV-IgG anti-
bodies. Low to moderate avidity is observed for 16–18 weeks following a primary 
infection. Therefore, a low-moderate IgG avidity in combination with detection of 
specific IgM antibodies supports a diagnosis of primary CMV infection within the 
preceding 3 months. There are currently no tests for diagnosing a recurrent infection 
during pregnancy.

If screening is not performed, serologic specific tests (IgG, IgM, IgG avidity) 
should be done when a pregnant woman has flu-like symptoms not attributable to 
another specific infection or if signs suggestive of fetal CMV infection are detected 
by ultrasound or MRI (e.g., cerebral ventriculomegaly, intracranial calcifications, 
cerebral cysts, microcephaly, fetal growth restriction, echogenic fetal bowel).

 Diagnosis of Fetal Infection

Fetal infection can be confirmed by detection of virus or viral DNA from amniotic 
fluid. Although viral culture is 100% specific, it can be falsely negative; CMV DNA 
PCR is both sensitive and specific, especially when the amniotic fluid is sampled 
after 21  weeks gestation and at least 6  weeks after the onset of infection in the 
mother [23]. Cordocentesis may be performed to ascertain the presence of virus, 
viral DNA, and anti-CMV IgM in fetal blood. However, amniotic fluid sampling is 

A. Ronchi et al.



89

usually sufficient, so the benefit of deriving additional information from cordocen-
tesis must be weighed against the risk of cord injury or pregnancy loss. Targeted 
ultrasonography is used to identify fetal abnormalities compatible with CMV dis-
ease; fetal MRI can reveal dysgenesis or injury to the central nervous system.

 Diagnosis of Neonatal Infection

Congenital CMV infection should be suspected in neonates with any of the signs 
described in Tables 1 and 2 or those who had fetal ultrasound findings consistent 
with CMV infection. Asymptomatic infants often go undetected, but testing should 
be considered in certain situations:

 1. Infants who refer their newborn hearing screen [24]
 2. Infants born to HIV-positive mothers [25]
 3. Infants with intrauterine growth restriction

Detection of CMV in urine or saliva by either real-time PCR or viral culture is 
the gold standard for diagnosis, with sensitivity and specificity both approaching 
100% [9]. Testing should be performed within the first 3 weeks of life in order to 
distinguish congenital infection from postnatal infection [15]. Since most CMV- 
seropositive women shed CMV in breast milk, saliva samples should be obtained 
>1 h after feeding, and positive saliva tests in breastfeeding infants should be con-
firmed with a urine sample. The utility of blood or cerebrospinal fluid testing is 
uncertain as there is no clear association between viral load and prognosis.

For infants with confirmed congenital CMV infection, additional testing includes 
laboratory testing (complete cell blood count, platelet count, liver function tests), 
ophthalmological evaluation, and audiological evaluation by using auditory brain- 
stem response [15]. Neuroimaging is also recommended: cerebral ultrasound is 
very reliable in detecting findings associated with congenital CMV infection such 
as ventriculomegaly, calcifications, periventricular pseudocysts, and lenticulostriate 
vasculopathy; MRI is better suited to identify cortical, white matter, and cerebellar 
dysplasia. CT is useful to detect ventriculomegaly and calcifications but is rarely 
performed today due the excessive radiation exposure.

 Treatment

Maternal infection. There is no consensus currently regarding treatment of primary 
CMV infection in pregnant women. In 2005, a nonrandomized study by Nigro et al. 
[26] suggested that treatment of pregnant women who seroconvert in pregnancy 
with intravenous CMV-specific immune globulin may be effective in the prevention 
and treatment of congenital CMV infection. However, a randomized, placebo- 
controlled, double-blind study in 2014 did not demonstrate a significant reduction 
in congenital infection with immune globulin therapy (30% in the immune globulin 
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group, 44% in the placebo group, P  =  0.13) [27]. Currently, two randomized, 
placebo- controlled trials are ongoing in the United States and in Europe to confirm 
this result. In the interim, experts recommend that hyperimmune globulin should 
not be administered to pregnant women who seroconvert during pregnancy.

Congenital infection. Infants with confirmed symptomatic congenital CMV 
infection should be treated with 6 months of antiviral therapy [28]. Options include 
oral valganciclovir or intravenous ganciclovir for infants who cannot be fed enter-
ally [28, 29]. At present, there is no recommendation to treat asymptomatic or 
mildly symptomatic infants (Table 2), as this group has not been extensively stud-
ied. However, some providers prefer treatment for neonates with an abnormal hear-
ing assessment, regardless of the presence or absence of other signs or symptoms 
[30]. Ultimately, treatment of congenital CMV is a prolonged process that requires 
significant caregiver effort, laboratory monitoring, and follow-up, and therefore 
decisions regarding treatment in borderline cases should be made in consultation 
with the family and a pediatric infectious disease specialist.

All infants with congenital CMV infection, whether symptomatic or asymptom-
atic at birth, require close, multidisciplinary follow-up. This includes the primary 
care physician, audiology, ophthalmology, and developmental surveillance at a 
minimum. Since hearing loss can present later in life, hearing screening is recom-
mended every 6 months until the child is in school, then annually. Ophthalmologic 
examinations should occur annually. Close attention to speech delay, impaired 
socialization, motor delays, or other signs of abnormal neurodevelopment should be 
investigated promptly.

Postnatal CMV infection. Data on treatment of postnatal CMV infection is lim-
ited to case reports. Expert opinion varies, but some providers would recommend a 
short course (e.g., 2–3 weeks) of antiviral therapy for preterm infants with pneumo-
nitis, hepatitis, or sepsis-like syndrome secondary to postnatal CMV [31]. In reality, 
it is often difficult to differentiate postnatal from congenital CMV infection if the 
infant does not have a negative test during the first 3 weeks of life.

 Prevention

Congenital CMV prevention. Given the burden of congenital CMV infection follow-
ing primary maternal infection, the development of an effective CMV vaccine likely 
would markedly reduce the burden of congenital CMV infection. Unfortunately, 
despite continued advances in CMV vaccine research, no product is yet under con-
sideration for licensure [32]. Therefore, the most effective current prevention strat-
egy is education of pregnant women (Table 3). This includes education regarding 
CMV awareness, modes of transmission, and preventive measures (e.g., handwash-
ing after contact with urine or saliva from young children). Unfortunately, despite 
being by far the most common congenital infection, knowledge of congenital CMV 
among women of childbearing age is extremely low. A survey by Jeon et al. [33] 
demonstrated that few women of childbearing age (22%) had heard of congenital 
CMV, and even fewer were aware of prevention strategies. CMV education is 
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viewed favorably by pregnant women and has been shown to reduce the risk for 
primary infection during pregnancy [34].

Postnatal CMV prevention. Preterm infants requiring transfusion should receive 
CMV-safe packed red blood cells. CMV-safe techniques, including irradiation and 
leukoreduction, minimize the risk of transfusion-associated postnatal 
CMV. Currently, there is no technique that eliminates CMV from breast milk with-
out also interfering with its immunologic and nutritional value [35]. Since the short- 
and long-term risks of postnatal CMV are thought to be minimal, there is no 
recommendation to withhold fresh human milk from preterm infants [36].
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 Epidemiology

Genus Enterovirus is single-stranded RNA virus belonging to the Picornaviridae fam-
ily [1]. Historically, enteroviruses were classified as polio and non-polio, but classifica-
tion has been restructured in recent years to better accommodate new viral strains. 
Enterovirus species are now grouped by shared molecular serotypes of their viral poly-
peptide capsid (Table 1). However, since diagnosis of suspected enterovirus infection 
has moved to PCR-based testing, serologic typing is rarely available to the clinician.

Neonatal infection accounts for about 10% of all enterovirus infections in the 
United States annually [1]. While enterovirus typically demonstrates increased inci-
dence in summer and fall seasons with peak incidence in August, infections may 
occur any time of the year [2].

 Pathogenesis

Enteroviruses are transmitted through both fecal-oral route and respiratory secre-
tions [3, 4]. The virus first replicates in the patient’s upper respiratory tract or mes-
enteric lymphoid tissue for 1–3 days then disseminates hematogenously (“primary 
viremia,” Fig. 1). This primary viremia may lead to end-organ infection and the 
overt clinical manifestations of neonatal enterovirus infection. A secondary viremia 
follows end-organ infection and lasts approximately 1 week until the emergence of 
enterovirus-specific antibody. In congenital enterovirus infection, maternal viremia 
leads to transplacental passage of enterovirus, and the fetus begins their infection 
with the primary viremia [5].
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96

 Congenital Infection

Neonatal enteroviral infections that present with signs of infection within 24–48 h 
of delivery are presumed to have been acquired in utero. In these congenital cases, 
the virus can be isolated from amniotic fluid and cord blood suggesting either con-
genital transmission or—rarely—ascending infection. It is most commonly seen 
when maternal infection is acquired late in pregnancy. In contrast to most other 
congenital infections, enterovirus has not been clearly associated with increased 
risk for abortion, prematurity, or congenital malformations.

 Perinatal and Postnatal Infection

Enterovirus can also be transmitted during the perinatal or postnatal period 
through infant contact with maternal blood, stool, or genital secretions. Maternal 
illness within 1 week of delivery is associated with greatest risk of transmission. 
Infection due to perinatal transmission generally presents around age 3–5 days; if 
signs appear later, postnatal transmission through contact with secretions of 
infected persons is the most likely route of infection. Cohort studies suggest that 
transmission from family members, including parents and siblings, is relatively 
common [6]. Nosocomial transmission can be seen in NICU and nursery settings 
through shared providers of an infected neonate or spread from an infected pro-
vider to a neonate [7].

 Clinical Findings

Enterovirus is capable of causing both extremely diverse clinical presentations and 
a wide spectrum of severity of illness. The majority of neonatal infections are 
asymptomatic (~80%) [8]. As neonates are at greatest risk for disseminated disease, 
the most common clinically apparent presentation is a nonspecific febrile illness 
with irritability, poor feeding, and lethargy which mimics bacterial sepsis. Table 2 
summarizes the multitude of ways neonatal enteroviral infection can manifest in 
each organ system.

Table 1 Reclassification of enteroviruses from the traditional “polio” and “non-polio” groups to 
groups based on viral capsid serology

Traditional classification Current classification
Non-polio viruses
    •  Echovirus (enteric cytopathogenic  

human orphan)
    • Coxsackie A viruses
    • Coxsackie B viruses
    • Numbered enteroviruses
Polioviruses

Human enterovirus (HEV)
• HEV-A
• HEV-B (includes Coxsackie B viruses)
• HEV-C (includes polio)
• HEV-D (includes enterovirus D68)

E. Carroll
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 Central Nervous System Infection

Aseptic meningitis or, rarely, true encephalitis is the most commonly identified pre-
sentation of neonatal enterovirus infection, accounting for >50% of cases [6, 9]. 
Clinical findings are indistinguishable from bacterial meningitis, including lethargy, 
apnea, or seizures. CSF analysis may be normal or may show pleocytosis and pro-
teinosis, but CSF glucose levels are generally normal. In most cases, infection is 
limited to the meninges but encephalitis may occur, especially among preterm 
infants [10, 11].

 Myocarditis

Neonatal enterovirus infections, particularly those due to Coxsackievirus B, are 
capable of infecting the heart during primary viremia. The resulting myocarditis 
generally presents with signs of acute heart failure, including feeding difficulty, 
listlessness, new gallop or murmur on auscultation, and respiratory distress. Most 
infants have concomitant fever. Although less common than central nervous system 
infection, myocarditis is a more specific manifestation of enterovirus infection due 
to the narrow range of pathogens capable of causing neonatal myocarditis [12]. 
Infants who survive the initial period of cardiovascular collapse have good 
prognoses.

Table 2 Clinical presentations of neonatal enterovirus infections

System Diagnosis Clinical findings
Multisystem (most 
common, rarely 
diagnosed)

•  Mild, nonspecific 
illness

• Enteroviral sepsis

Fever, irritability, poor feeding, lethargy

CNS
(>50% of diagnosed 
cases)

• Aseptic meningitis
• Encephalitis

Irritability, poor feeding, fullness of  
anterior fontanel, seizure, altered mental 
status
CSF: mild to moderate lymphocytic 
pleocytosis, elevated protein, and normal 
glucose

Cardiovascular • Myocarditis Arrhythmia, cardiomegaly, ventricular 
dilatation, heart failure, hypotension, 
myocardial ischemia

Gastrointestinal • Hepatitis
• Gastroenteritis
• Pancreatitis

Jaundice, hepatomegaly, hepatic  
necrosis and failure, abdominal  
distention, vomiting, diarrhea

Integument • Viral exanthem Nonspecific maculopapular rash,  
hand-foot-mouth disease

Respiratory •  Upper or lower 
respiratory tract 
infection

Rhinorrhea, apnea, tachypnea,  
increased work of breathing, cough

E. Carroll
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Most neonatal enterovirus infections typically follow a benign course with reso-
lution of symptoms 4–7 days after onset. A more severe disease course is associated 
with prematurity, maternal symptoms at time of delivery, neonatal symptom onset 
within the first week of life, and absence of passive maternal immunity with 
serotype- specific antibodies.

Mortality ranges from 0 to approximately 40% and is largely determined by 
clinical presentation. Myocarditis, hepatitis, and enteroviral sepsis increase risk of 
mortality and morbidity [6]. In contrast, mortality is lower with nonspecific febrile 
illnesses or central nervous system infection. However, the subset of infants with 
enteroviral encephalitis is at risk for persistent neurologic deficits including epi-
lepsy, cerebral palsy, and learning difficulties.

 Diagnosis

PCR is currently the cornerstone of diagnosis. However, other modalities are avail-
able including viral culture and serology.

 PCR

Molecular studies detect enteroviral RNA in blood, CSF, stool, and respiratory 
secretions. PCR is the most specific and sensitive means of detection of enterovirus, 
and since results may be available within hours, PCR has become the gold standard 
for clinical diagnosis, and blood should be included when CSF is being tested [13, 
14]. The use of routine enterovirus PCR testing of blood and CSF in febrile young 
infants is cost-effective [15].

It is important to remember that since enterovirus is common, often asymptom-
atic, and shed for weeks after infection from the upper respiratory and lower gastro-
intestinal tract [16]. Therefore, detection of enterovirus by PCR from a mucosal site 
does not necessarily equate to causation. Other etiologies for the clinical presenta-
tion should not be overlooked. Additionally, most PCR assays cannot distinguish 
between different types of enteroviruses and may report enterovirus and rhinovirus 
together as they both belong to the Picornaviridae family, and the detection of 
“rhino-/enterovirus” from the nasopharynx should not preclude additional workup 
if other conditions are suspected.

 Viral Culture

Enterovirus can be isolated in cell culture from a variety of specimens including 
nasopharyngeal or oropharyngeal swabs, stool, CSF, pericardial fluid, and blood. 
The virus is then identified through immunofluorescence staining, typing with anti-
sera, or RNA sequencing. Low sensitivity and comparatively long turnaround times 
(3–8 days) limit the clinical utility of viral culture.

 Enteroviruses
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 Serology

Serology takes weeks to result and has limited use in the diagnosis of acute infec-
tion as titers must be compared between acute and convalescent stages. Absence of 
common antigen among serotypes prevents development of a universal assay and 
limits sensitivity.

 Histology

In contrast to other viral pathogens (e.g., cytomegalovirus, herpes simplex virus), 
enterovirus does not have specific histopathologic features, which prevents defini-
tive diagnosis through histopathology. However, tissue can be tested with PCR or 
immunofluorescence as per above. In cases where blood PCR is negative but entero-
viral disease is strongly suspected (e.g., myocarditis or hepatitis), tissue-based test-
ing can be useful.

 Treatment

The majority of neonatal enterovirus infections are self-limiting and require only 
supportive therapy. For severe infections or high-risk patients, limited treatment 
options are available:

• Intravenous immunoglobulin (IVIG) may shorten the duration of viremia or mit-
igate disease severity when used prophylactically. It has been used in chronic 
meningoencephalitis and severe neonatal infections, but studies to date are 
inconclusive and use remains investigational. The effectiveness of IVIG is deter-
mined by the presence or absence of type-specific neutralizing antibody; some 
experts recommend multiple small aliquots of IVIG from different products or 
preparations (rather than a single large dose from one product) to increase the 
chance of at least one dose containing neutralizing antibody [17, 18].

• Pleconaril is an antiviral agent that has activity against enterovirus. Data regard-
ing efficacy in neonates is very limited, and pleconaril is not currently available 
for clinical use in the United States [19, 20].

 Prevention

Viral shedding in respiratory secretions can persist for up to 3 weeks and in feces for 
up to 8 weeks following primary infection [16]. Hospitalized neonates should be 
placed in contact precautions and cohorted for duration of illness. Appropriate 
handwashing and careful disposal following diaper changes are also essential to 
prevent spread and outbreaks in hospital and home settings [21].

E. Carroll
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Hepatitis B in the Perinatal Period

Rebecca A. M. Pierce-Williams and Jeanne S. Sheffield

 Epidemiology

The prevalence of chronic HBV varies globally, from <2% in low-prevalence 
areas such as North America, Australia, and Western Europe to 5–10% in East 
Asia and sub-Saharan Africa [3]. The variation in prevalence is predominantly 
due to age of infection, and in high-prevalence areas, the most common mode of 
transmission is mother-to-child, or transmission in early childhood [1, 4]. This is 
in contrast to low- prevalence areas, where the common modes of transmission are 
through sexual contact and intravenous drug use [1, 5]. The risk of developing 
chronic HBV depends on the age of infection, with rates of 80–90% in individuals 
infected in the first year of life, 30–50% in children <6 years of age, and <5% in 
healthy adults [1, 2, 6].

Since implementation of the HBV vaccine in the 1980s, new cases of HBV have 
drastically decreased. The vaccine is 95% effective in preventing new infection 
with HBV [1]. In 2014 in the United States, the incidence of HBV was 0.9 cases 
per 100,000 persons—an 82% decline in new infections since 1991, when child-
hood vaccination started [7]. The World Health Organization promotes universal 
immunization programs beginning at birth. As of 2015, 185 countries have adopted 
vaccine programs for infants, and global coverage with the recommended three-
dose HBV vaccine is approximately 83% [8]. Ninety-six countries are now vacci-
nating newborns within 24 h of life. Even with these improvements, only 39% of 
newborns worldwide are receiving the first dose of the vaccine in the recommended 
timeframe [8].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-90038-4_11&domain=pdf
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 Pathogenesis

Hepatitis B virus is a member of the Hepadnaviridae family and a double-stranded 
DNA virus that mainly infects cells in the liver but has also been found in bile duct 
epithelium, pancreas, kidneys, and lymphoid tissues [9, 10]. HBV is spread through 
exposure to blood and bodily fluids including saliva, semen, and vaginal secretions 
[1, 7]. It can be contracted percutaneously, or through mucous membranes [1, 7]. 
Our focus here is on mother-to-child transmission, where the primary route is 
through mucous membranes during passage through the birth canal [7]. Only a 
small percentage of cases are acquired intrauterine, likely from transplacental “leak-
age” of maternal blood during a threatened abortion or preterm labor [11, 12].

A maternal HBV DNA level of >100,000 IU/mL is the most important inde-
pendent risk factor for MTCT; transmission rates are reportedly 90% if the viral 
load is greater than 105 copies/mL [13, 14]. These rates are decreased with infant 
immunoprophylaxis (see Prevention, below). However, even with immunopro-
phylaxis, transmission rates of 8–30% have been reported from women with high 
viral loads [13, 15, 16]. In a retrospective study by Zou et al. [16], immunopro-
phylaxis failure rates for HBV DNA levels of <6, 6–6.99, 7–7.99, and ≥8 log10 
copies/mL were 0%, 3.2%, 6.7%, and 7.6%, respectively. Rates of transmission 
also vary depending on the presence of the hepatitis B e antigen (HBeAg), a 
marker of infectivity. Without measures to prevent transmission, the rates of 
MTCT from mothers who are HBeAg positive are 70–90% [4, 17]. In mothers 
without HBeAg, rates of MTCT are 10–40% [4]. Timing of maternal acquisition 
of acute HBV also affects the risk of vertical transmission, with the highest risk in 
the third trimester or near the time of delivery [18].

Data surrounding the risk of MTCT with invasive tests such as amniocentesis 
and chorionic villus sampling are limited. A case-control study in 2014 showed a 
significant increase in rates of vertical transmission in women undergoing 

Box 1 Risk Factors for Mother-to-Child Transmission of Hepatitis B Virus
Maternal

High maternal viremia
HBeAg positive
Maternal infection near time of delivery

Neonatal
Failure to receive appropriate passive-active immunoprophylaxis (hepatitis 
B vaccine and immune globulin)

Other
Invasive testing (i.e., chorionic villi sampling, amniocentesis) when viral 
load is high
Preterm labor
Threatened abortion

R. A. M. Pierce-Williams and J. S. Sheffield
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amniocentesis versus controls when stratified by HBV DNA levels ≥7 log10 copies/
mL (50% vs. 4.5%, respectively) [19]. Women considering invasive testing should 
be counseled about the possible increased risk of transmission with high viral loads, 
but if genetic testing is indicated, it can be offered [20]. These women should be 
counseled on available noninvasive screening options [21].

 Clinical Findings

Acute infection in adults. After an incubation period of approximately 75  days 
(range, 30–180 days), symptoms of acute HBV may present in 30–50% of infected 
individuals; however, most people with acute HBV, including pregnant women, are 
asymptomatic [1]. Of those who do exhibit symptoms, they include nausea, vomit-
ing, abdominal pain, fatigue, jaundice, loss of appetite, and joint pain [1, 7]. 
Extrahepatic signs such as a cutaneous rash may also occur [22]. The duration of 
these signs and symptoms ranges from only a few weeks up to 6 months [7]. The 
risk of an acute infection causing liver failure (acute fulminant hepatitis) is low, but 
when this occurs, it can lead to death, with fatality rates of 0.5–1.5% [22].

Acute infection in children. Infants and young children infected with HBV typi-
cally have no signs or symptoms [22]. This highlights the importance of serologic 
follow-up testing after perinatal HBV exposure (see Prevention, below).

Chronic infection. Adults and children with chronic HBV are usually asymptom-
atic, until development of liver cirrhosis, hepatocellular carcinoma, or liver failure 
[1, 7, 22].

 Diagnosis

Diagnosis of HBV starts with a thorough history and physical exam. Both the 
American College of Obstetricians and Gynecologists and the US Preventive Services 
Task Force recommend universal testing for hepatitis B virus in pregnancy [21, 23]. 
Screening is based on detection of hepatitis B surface antigen (HBsAg). HBsAg can 
be detected beginning 30–60 days after infection [1]. A positive test requires further 
testing to evaluate for acute versus chronic infection (Table 1). Testing includes hepa-
titis B surface antibody (anti-HBs), total hepatitis B core antibody (anti-HBc), and 
hepatitis B core IgM antibody (IgM anti-HBc). Presence of the IgM anti-HBC indi-
cates acute infection. Positive results for the HBsAg must be reported to the state 
health department, based on state reporting requirements [21, 24].

Once a diagnosis of HBV is made, additional laboratory testing includes evalua-
tion of HBV viral load and HBeAg, liver function testing (i.e., aminotransferases, 
alkaline phosphatase, coagulation studies), and a complete blood count. These 
women should also be screened for coinfection with hepatitis C virus, hepatitis delta 
virus, and human immunodeficiency virus. Hepatitis A testing can also be done to 
evaluate for a need for vaccination. Imaging studies, such as a liver ultrasound, 
should also be performed in all patients [25].
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 Treatment

All pregnant women should be screened for HBsAg at their first prenatal visit. In 
women who engage in high-risk behaviors (i.e., injection drug use, HBsAg-positive 
sexual partner), testing should also be done when admitted for delivery [22]. A posi-
tive test requires follow-up, as noted in the section on “Diagnosis.”

Women who have not previously been vaccinated for HBV should receive the 
vaccine if they are at high risk of infection. High-risk individuals include injection 
drug users, HIV-positive persons, household contacts of persons with chronic HBV, 
health-care workers, those with >1 sexual partner in the past 3 months, recent diag-
nosis of a sexually transmitted infection, developmentally delayed persons in a 
long-term care facility, hemodialysis patients, and those traveling to high- prevalence 
regions [21, 26]. Currently available adult vaccines include two single-antigen vac-
cines (Engerix-B® and Recombivax HB®) and one combination hepatitis A and B 
vaccine (Twinrix®) [21, 26]. Each of these is to be administered as a three-dose vac-
cine series, by intramuscular injection.

In the third trimester, women with known HBV infection should have repeat 
viral load testing completed in order to determine if they would benefit from antivi-
ral therapy. The American Association for the Study of Liver Diseases and the 
Society for Maternal-Fetal Medicine propose antiviral therapy in pregnant women 
with >6 log10 copies/mL (1 million copies/mL, or 200,000 IU/mL) [20, 25]. Due to 

Table 1 Interpretation of hepatitis B virus (HBV) serologic markers

Serologic test Result Interpretation
HBsAg
Anti-HBc
Anti-HBs

Negative
Negative
Negative

Susceptible to HBV

HBsAg
Anti-HBc
Anti-HBs

Negative
Positive
Positive

Immune due past infection

HBsAg
Anti-HBc
Anti-HBs

Negative
Negative
Positive

Immune due to vaccination

HBsAg
Anti-HBc
IgM anti-HBc
Anti-HBs

Positive
Positive
Positive
Negative

Acute infection

HBsAg
Anti-HBc
IgM anti-HBc
Anti-HBs

Positive
Positive
Negative
Negative

Chronic infection

HBsAg
Anti-HBc
IgM anti-HBc
Anti-HBs

Negative
Positive
Negative
Negative

1. False positive—susceptible to HBV
2. Resolved infection
3. Chronic infection—“low level” of infectivity
4. Passive transfer to infant of HBV infected mother

Adapted from [22]
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its safety in pregnancy and the low risk of resistance, the first-line antiviral therapy 
is tenofovir [20, 25]. Alternative therapies include telbivudine and lamivudine. 
Timing of initiation of therapy has not been well studied, but many suggest starting 
at 28–32 weeks gestation [25]. Upon discontinuation of therapy, women must be 
monitored closely for aminotransferase flares [25].

Several studies have been performed to evaluate the benefit of HBIG administra-
tion to pregnant women infected with HBV. A Cochrane review determined that 
because of the low quality of the studies, no benefit could be shown [27].

While there have been studies to evaluate the benefit of elective cesarean delivery 
in reducing the risk of HBV transmission, the data are conflicting and the quality is 
low. Cesarean delivery solely for prevention of HBV transmission is not recom-
mended [20, 25]. In addition, there is not enough data to make recommendations on 
the use of internal fetal monitoring during the intrapartum course [21].

 Prevention

In order to prevent MTCT, it is recommended that children born to mothers with 
HBV infection receive passive-active immunoprophylaxis. This is a combination of 
HBIG (the passive component) and the single-antigen hepatitis B vaccine 
(Recombivax HB® or Engerix-B®) (the active component) [21, 22]. When given as 
soon as possible (no later than 12 h of life), followed by completion of the three- or 
four-dose vaccine series, immunoprophylaxis is 85–95% effective in preventing 
transmission from mothers with HBsAg and HBeAg positivity [4, 28]. Passive- 
active prophylaxis should also be given to newborns of mothers with unknown 
HBsAg status (Table 2) [20].

Women with HBV, but with no other contraindications to breastfeeding, should 
be encouraged to do so, as long as the infant receives passive-active immunopro-
phylaxis at birth [20, 21, 29]. Women on antiviral therapy should be counseled that 
although drug labels may recommend against breastfeeding while on these 

Table 2 Passive-active immunoprophylaxis against hepatitis B infection for infants by maternal 
hepatitis B surface antigen status

Maternal HBsAg 
status at delivery Hepatitis B vaccine Hepatitis B immune globulin
Positive Within 12 h Within 12 h
Negative ≥2 kg: Within 24 h Not indicated

<2 kg: At 1 month of age 
or discharge, whichever 
comes first

Unknown/
pending

Within 12 h ≥2 kg: If mother’s HBsAg test is positive OR 
at age 7 days or hospital discharge if mother’s 
HBsAg status still unknown
<2 kg: Within 12 h unless mother’s HBsAg 
testing is negative by then
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medications, the American Association for the Study of Liver Diseases reports that 
there is minimal excretion of the drugs in breast milk. The overall risk of exposure 
is unknown [25].

Follow-up of neonates born to mothers with HBV involves completion of the 
vaccine series and postvaccination testing (see chapter “Immunizations in the 
Nursery”). The recommended schedule for the vaccine series with the single- antigen 
vaccine is dose #1 within 12–24 h of life, dose #2 at 1–2 months of age, and dose #3 
at 6 months of age (not sooner than 24 weeks of age) [22]. If the series is completed 
with a combination vaccine, an “extra” dose is often given at 4 months but does not 
preclude the need for the 6-month dose. For HBV-exposed infants with a birth 
weight of <2 kg who receive HBV vaccine at birth, the immune response to the first 
dose may not be adequate; those infants should receive three more doses, starting 
after 1 month of age [22].

At 9–12 months of age, postvaccination testing for HBsAg and anti-HBs can be 
completed to rule out infection and to evaluate for protective titers [22]. If positive 
for HBsAg, the proper testing and follow-up should be done in a timely manner. If 
HBsAg is negative and anti-HBs is ≥10 mIU/mL, the infant is considered protected 
and no intervention is needed. If anti-HBs is <10 mIU/mL, additional immunization 
and follow-up testing should be completed (see chapter “Immunizations in the 
Nursery”) [22].
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 Epidemiology

In the USA, the highest incidence of HCV is in the 20–29-year-old age group, and 
while new cases are likely under-reported, more than 30,000 new cases were esti-
mated for 2014 [1–3]. Fifteen to twenty-five percent of persons with an acute infec-
tion will clear the virus, while the remaining 75–85% develop chronic infection [3]. 
Approximately 2.7–3.9 million people in the USA are living with chronic HCV, 
with the highest prevalence in those with repeated or large percutaneous blood 
exposures (i.e., injection drug users) [3, 4].

Consequences of chronic HCV include chronic liver disease (60–70%), cir-
rhosis (5–20%), and death from associated complications (1–5%) [3]. In the USA, 
chronic HCV is the primary reason for liver transplantation [3]. According to the 
Centers for Disease Control and Prevention (CDC) surveillance for 2010–2014, 
US mortality rates secondary to HCV have increased from 4.7 deaths per 100,000 
to 5 deaths per 100,000 [2]. Globally, in 2013 there were an estimated 704,000 
deaths due to HCV and associated morbidities, increased from 333,000 in 1990; 
however, the incidence of HCV has decreased [1, 5, 6]. This discordance is due to 
the idle period between infection and complications such as cirrhosis and hepato-
cellular carcinoma (HCC) [4].

The true prevalence of HCV in pregnant women or women of childbearing age 
in the USA is not known due to challenges capturing high-risk groups. The National 
Health and Nutrition Examination Survey provides estimates on the prevalence of 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-90038-4_12&domain=pdf
mailto:rewillia@lifebridgehealth.org
mailto:jsheffi2@jhmi.edu


112

hepatitis in the USA, but the data do not include populations such as the homeless, 
prisoners, or institutionalized persons [7]. Based on the existing data, prevalence 
rates in women of childbearing age have been reported at 1–1.6% [7, 8]. Among 
women with HCV and the presence of HCV RNA, rates of vertical transmission 
range from approximately 3 to 7% (median, 5%) [4, 9–11]. Among HCV-positive 
women with undetectable HCV RNA, vertical transmission is rare [9, 11, 12]. HIV 
coinfection increases HCV transmission several folds, up to 15% [3, 12]. Clearance 
rates among vertically infected children have been reported to be approximately 
20–40% [13].

 Pathogenesis

Hepatitis C virus is an RNA virus from the Flaviviridae family. There are 6 geno-
types and more than 90 subtypes, and knowledge of these genotypes guides the 
choice of antiviral therapy [4]. Approximately 74% of cases in the USA are 
caused by genotype 1 [4]. In the USA, HCV is most commonly transmitted 
through injection drug use, but prior to 1992 when routine screening was imple-
mented, blood transfusion was a leading cause. With the implementation of 
screening of blood and blood products, the risk of HCV from a transfusion is now 
less than 1 in 2 million units [3]. Since the virus is transmitted through infected 
blood and blood products, risk factors for transmission also include chronic 
hemodialysis, having received donated organs or tissues before 1992, occupa-
tional exposure, sexual contact with an HCV-infected partner, and being born to 
an HCV-infected mother [1, 3, 4, 14]. In contrast to hepatitis B virus (HBV), 
sexual transmission and vertical transmission are less efficient means of trans-
mission of HCV [3].

Risk factors for vertical transmission: High maternal viremia is associated with 
vertical transmission; however, a critical titer has not yet been defined. In a cohort 
study of 190 infants born to HCV RNA-positive and human immunodeficiency 
(HIV)-negative women, mean RNA levels in those who transmitted HCV versus 
those who did not transmit were 8.9 × 106 genome copies/mL and 2.2 × 106 genome 
copies/mL, respectively [15]. A systematic review of 77 studies reported increased 
vertical transmission at HCV RNA titers greater than 105 to 106 copies/mL [11].

Maternal coinfection with HIV increases the risk of vertical transmission of 
HCV. A recent meta-analysis of the risk of vertical transmission of HCV showed 
transmission rates of 5.8% in HIV-negative mothers, versus 10.8% in HIV-positive 
mothers [12]. This is thought to be secondary to higher HCV viral loads in HIV- 
positive women [12, 16]. Additionally, one study showed that infants who are 
infected with HIV are at a 3.2-fold greater risk of acquiring HCV from co-infected 
mothers [17].

A cohort study by Mast et  al. [9] identified prolonged rupture of membranes 
(>6 h) and the use of internal fetal monitoring devices as risk factors for transmis-
sion of HCV. Infection of peripheral blood mononuclear cells (PBMCs) by HCV 
has also been shown to increase the risk of transmission. This may be due to the 
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PBMCs serving as an HCV vector or because HCV variants that are able to infect 
PBMCs can more easily pass the placental barrier [18].

Factors not found to be associated with an increased risk of transmission of HCV 
include amniocentesis, route of delivery, and breastfeeding [19–22]. While amnio-
centesis has not been shown to be associated with vertical transmission, the American 
College of Obstetricians and Gynecologists (ACOG) suggest that noninvasive prena-
tal screening options be discussed with these patients [20]. According to ACOG and 
the American Academy of Pediatrics, breastfeeding is not contraindicated in preg-
nancy, and although HCV RNA and antibody have been detected in breast milk, no 
cases of HCV transmission through breast milk have been reported [19, 20].

Risks of hepatitis C in pregnancy: Several pregnancy complications are associ-
ated with HCV infection. A recent meta-analysis showed that the risk of intrahe-
patic cholestasis of pregnancy is higher in women infected with HCV than in those 
without HCV (OR 20.4, 95% CI, 9.39–44.33) [23]. There is also a significant asso-
ciation with HCV and intrauterine fetal growth restriction and low birth weight 
[24]. Additional studies report associations with HCV and gestational diabetes and 
preterm labor as well as congenital anomalies, need for assisted ventilation, and 
neonatal intensive care unit (NICU) admission for the infant [25–27].

 Clinical Findings

Acute infection in adults: After an incubation period of approximately 4–12 weeks 
(range, 2–24 weeks), symptoms of HCV may present in 20–30% of infected indi-
viduals; however, most people with HCV are asymptomatic [3]. Common symp-
toms include fever, nausea, vomiting, abdominal pain, fatigue, jaundice, and loss of 
appetite [1, 3].

Acute infection in infants: Infected infants are usually asymptomatic at birth and 
during childhood [3].

Chronic infection: Chronic HCV progresses in a slow and subtle manner, often 
without any signs for two decades, until complications arise, usually from 

Box 1 Risk Factors for Vertical Transmission of Hepatitis C Virus
Maternal

High HCV viral load
HIV coinfection
Injection drug use
Peripheral blood mononuclear cell infection
Prolonged rupture of membranes
Internal fetal monitoring (i.e., fetal scalp electrode)

Neonatal
HIV coinfection
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developing hepatic fibrosis [4]. Some may also develop conditions such as glomeru-
lonephritis, cryoglobulinemia, and porphyria cutanea tarda, likely due to the immu-
nologic response to infection [3, 4, 14].

 Diagnosis

The diagnosis of HCV in pregnancy begins with a thorough history and physical 
exam, including screening for risk factors, such as injection drug use, family his-
tory, and coinfection with HIV. Although routine screening for HCV in pregnancy 
is currently not recommended, the CDC and ACOG recommend screening for 
women with significant risk factors [3, 20]. Testing of pregnant women is recom-
mended in the following cases:

• All persons born between 1945 and 1965
• History of injection drug use
• Recipients of clotting factor concentrates prior to 1987
• Recipients of donated blood or organs prior to 1992
• Persons with HIV infection
• Persons with evidence of liver disease
• Persons on chronic hemodialysis

Maternal (and children age > 18 months) testing for HCV infection starts with 
identification of antibodies to HCV (anti-HCV) with enzyme immunoassays; how-
ever, antibody may not yet be positive if exposure was in the past 6–10 weeks [20]. 
If the test is positive, it should be followed with quantitative HCV RNA reverse- 
transcriptase polymerase chain reaction (RT-PCR), to confirm ongoing infection [4, 
14]. HCV RNA can be detected within 1–2 weeks of exposure, making it an option 
for follow-up of a negative anti-HCV serologic test after a recent exposure to HCV 
[4, 28]. Table 1 provides an interpretation of the tests.

Table 1 Interpretation of hepatitis C serologic markers

Serologic test Result Interpretation
HCV antibody Nonreactive No HCV antibody, no further testinga

HCV antibody Reactive Past or current infectionb

HCV antibody
HCV RNA

Reactive
Detected

Current HCV infection

HCV antibody
HCV RNA

Reactive
Not detected

No current infectionc

Adapted from [28]
aIf there has been a recent exposure to HCV, consider HCV RNA testing or follow-up antibody 
testing
bThe possibility of a false-positive antibody test exists
cIf there is a need to differentiate between a true- versus false-positive antibody test, another anti-
body assay (i.e. RIBA) can be done
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Once a diagnosis of HCV is made, additional laboratory studies should include 
testing for genotype to guide treatment when appropriate, liver function testing 
(e.g., alanine aminotransferase and coagulation studies including fibrinogen), and 
a complete blood count. All pregnant women should be tested for HBV and HIV 
as part of routine prenatal screening. All susceptible HCV-positive patients should 
be vaccinated against hepatitis A and B [14]. Injection drug users should be 
screened for tuberculosis [29]. Imaging studies, such as ultrasound, should also be 
completed to evaluate for liver fibrosis [14]. These individuals ultimately should 
be referred to a practitioner experienced in the management of chronic liver dis-
ease [14, 20].

 Treatment

Pregnant women with acute HCV can often be managed in the outpatient setting, 
with inpatient treatment reserved for those with severe illnesses such as encepha-
lopathy or coagulopathy [20]. Treatment of chronic HCV in pregnancy is not 
available, as none of the available antiviral therapies have been tested on pregnant 
women [29]. A commonly used antiviral medication, ribavirin, is teratogenic and 
has been shown to cause termination of pregnancy. It is contraindicated in preg-
nancy, and women who have used ribavirin should avoid becoming pregnant for 
6 months after cessation of use [14, 29]. With the advent of new antiviral regimens 
that do not include ribavirin or pegylated interferon, treatment during pregnancy 
may be possible in the near future. If HCV is diagnosed before pregnancy, therapy 
should be initiated in combination with effective contraception, in order to opti-
mally treat the infection and decrease the risk of vertical transmission in a future 
pregnancy [29].

 Prevention

No immunoprophylaxis exists to prevent the transmission of HCV. Intrapartum 
considerations include limited use of internal monitoring devices, and if possi-
ble, avoidance of prolonged rupture of membranes, as these may increase the 
risk of transmission [15]. Infected mothers should be educated on methods to 
reduce the risk of transmission to household contacts. Breast milk is not a mode 
of transmission, and women should be encouraged to breastfeed unless they 
develop cracked or bleeding nipples, which may allow blood-borne transmis-
sion to the infant [19].

Infants born to HCV-positive mothers must be followed closely to evaluate for 
possible infection (Fig.  1). Anti-HCV testing should not be done sooner than 
18 months of age, due to the possible persistence of maternal antibodies [3, 16]. 
However, studies suggest that antibody-based testing results in the detection of 
significantly less HCV-infected children than would be expected. For example, 
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using Philadelphia public health registries, Kuncio et  al. [30] identified only 4 
HCV infections among 537 HCV-exposed infants, markedly less than the 27 
(range, 15–38) infected infants that would be expected based on a mother-to-child 
transmission rate of 5% (range, 3–7%). As a result, some centers are increasingly 
moving to a PCR-based approach similar to the follow-up of HIV-exposed infants 
(see chapter “Management of HIV-Exposed Infants”). If PCR testing is per-
formed, it should be done at age 1–2 months and again at age 4–6 months. Positive 
tests should be repeated at the next visit before confirming infection [4, 16]. 
Infants with negative PCR testing should still have confirmatory antibody testing 
after age 18 months.

Infected infants should be referred to a specialist in pediatric liver disease for 
long-term monitoring and consideration of antiviral therapy. Approximately 
20–40% of infants will resolve acute HCV infection without progressing to chronic 
infection [13].

Infant born to mother with
active hepatitis C virus infection

Hepatitis C PCR testing at age
1-2 months and age 4-6 months

Hepatitis C antibody
testing at age ≥18

months
Both negative Either positive

Repeat PCR promptly

Negative

Referral to specialist for long-
term management

Negative:
No infection

Positive:
Infection likely

Positive:
Infection likely

Concern that family will become lost to follow up
OR

Provider or family preference  for earlier testing

Fig. 1 Follow-up testing of infants born to mothers with active hepatitis C virus infection. PCR 
polymerase chain reaction
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Neonatal Herpes Simplex Virus Infection

Nazia Kabani and David Kimberlin

 Epidemiology

Neonatal HSV is acquired during one of three distinct periods: intrauterine, peripar-
tum, or postpartum. A majority of infants (~85%) acquire the infection perinatally 
or in the peripartum period [1]. Approximately 10% of infants with neonatal HSV 
disease are infected postnatally, while 5% acquire the infection during the intrauter-
ine period [1].

The incidence of neonatal HSV infection is approximately 1 per 2000–5000 live 
births [1]. However, neonatal HSV can be challenging to diagnose, so this may be 
an underestimate. Risk factors that increase the likelihood of HSV transmission to 
the neonate from a mother who is shedding HSV genitally at the time of delivery 
include:

 1. Type of maternal infection (primary versus recurrent) [2–6]
 2. Maternal antibody status [6–9]
 3. Duration of rupture of membranes [5]
 4. Integrity of mucocutaneous barriers (using fetal scalp probe, incisions, etc.) [6, 

10, 11]
 5. Mode of delivery (cesarean section versus vaginal delivery) [6]
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 Pathogenesis

Babies born to mothers with primary genital HSV infection near term (a first epi-
sode of genital HSV infection, with no preexisting antibody to either HSV type 1 
[HSV-1] or HSV type 2 [HSV-2]) are at much greater risk of developing neonatal 
herpes than are babies who are born to mothers with recurrent genital HSV infec-
tion (i.e., who are shedding HSV-2 in the genital tract and who have preexisting 
HSV-2 antibody from infection earlier in life). This increased risk is due to two 
factors [2–6]. First, there is a lower concentration of transplacentally passaged 
HSV- specific antibodies present in babies born to women with primary infections 
[8]. In addition, these antibodies tend to be less reactive to the expressed peptides. 
Secondly, there is a larger load burden of the virus being shed vaginally, and for a 
longer period of time, in the maternal genital tract of women with primary infec-
tion compared with women with recurrent HSV infection [12]. This was demon-
strated most effectively in a landmark study of approximately 60,000 women in 
labor who did not have any symptoms of genital HSV infection at the time of 
delivery. Of these women, approximately 40,000 had a vaginal swab obtained 
within 48 h of delivery for HSV detection (Fig. 1) [6]. Of these ~40,000 women, 
121 had no visible evidence of genital HSV lesions but had HSV detected from 
their swab and also had sera available for HSV serologic testing, thereby allowing 

Women delivered (n=58,288)

Cultured within 48 hrs (n=39,949) (69%)

Subclinical shedding (n=128) (0.3%)

Serologies available (n=121) (95%)

First episode genital HSV (n=23) (19%) Recurrent genital HSV (n=98) (81%)

1-º HSV-1
(n=3) (13%)

Non-1-º HSV-1
(n=1) (4%)

Non-1-º HSV-2
(n=15) (65%)

1-º HSV-2
(n=4) (17%)

HSV-1  (n=8)
(8%)

HSV-2 (n=90)
(92%)

Infant with
HSV (n=3)

Infant with
HSV (n=1)

Infant with
HSV (n=4)

Infant with
HSV (n=2)

57% of exposed neonates
developed HSV disease

25% of exposed neonates
developed HSV disease

2% of exposed neonates
developed HSV disease

Infant with
HSV (n=0)

Infant with
HSV (n=0)

Fig. 1 Risk of neonatal herpes simplex virus (HSV) disease as a function of type of maternal 
infection. Adapted from [6]
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for determination of first episode versus recurrent maternal infection classifica-
tion. The trial found that 57% of babies born to moms with primary infection 
developed neonatal HSV, 25% of babies born to women with first episode non-
primary infection developed neonatal HSV, and only 2% of babies born to women 
with recurrent HSV developed neonatal HSV.  This same large study also con-
firmed that cesarean delivery effectively decreased transmission of HSV to the 
neonate when mothers are shedding in their genital tracts, affirming the results of 
a small study published in 1971 [5]. Despite this degree of protection, however, 
the risk of HSV transmission is not completely eliminated by cesarean delivery, 
and cases of neonatal HSV disease are well documented in babies delivered by 
cesarean delivery [13–15].

 Clinical Findings

Neonatal HSV infection is classified based upon extent of involvement into one of 
three categories: (1) disseminated disease, (2) central nervous system infection, and 
(3) skin, eyes, and mouth infection. Disseminated disease involves multiple organs 
including but not limited to the lung, liver, adrenal glands, brain, and skin. Central 
nervous system (CNS) disease involves the brain and can have skin or mouth lesions 
as well. Skin, eyes, and mouth (SEM) disease is limited to only those areas. This 
classification is predictive of morbidity and mortality, with disseminated disease 
having the most significant mortality and CNS disease having the most significant 
morbidity [16–22].

Disseminated infection can manifest as severe hepatitis, disseminated intravas-
cular coagulopathy, pneumonitis, and CNS involvement (seen in 60–75% of cases) 
[17, 21]. The mean age at presentation is around 11 days. Over 40% of disseminated 
HSV disease do not develop skin findings during the course of illness, which can 
delay diagnosis [14, 17, 22, 23].

Neonatal HSV CNS disease can present as seizures (focal or generalized), leth-
argy, poor feeding, irritability, or increased fussiness, tremors, temperature instabil-
ity, and bulging fontanelle. The mean age of presentation is around 16 days [17]. 
Approximately 60–70% of babies with CNS disease will also have skin manifesta-
tions at some point in the disease course [17, 22]. Mortality is usually due to devas-
tating brain destruction and atrophy, causing neurologic and autonomic 
dysfunction.

Skin, eyes, and mouth disease (SEM)  has the best outcomes, with virtually no 
mortality and with morbidity associated solely with cutaneous recurrences but no 
neurologic sequelae (Table  1). Additionally, babies with SEM disease are most 
likely to have skin lesions (>80% of SEM patients), which facilitates diagnosis and 
allows prompt initiation of antiviral treatment before disease progresses. Presenting 
signs and symptoms of SEM disease include skin vesicles, fever, lethargy, and con-
junctivitis [17]. Mean age of presentation is around 12 days. If SEM disease is not 
treated, it is likely to progress to CNS or disseminated disease [14].

Neonatal Herpes Simplex Virus Infection
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 Diagnosis

HSV can be identified in clinical samples using either polymerase chain reaction 
(PCR) testing or viral culture. The diagnosis of neonatal HSV infections requires 
sampling of multiple sites:

 1. Swabs of mouth, nasopharynx, conjunctivae, and rectum should be obtained for 
HSV surface cultures (if available) or PCR.

 2. Specimens of skin vesicles should be obtained for culture (if available) or PCR.
 3. CSF should be obtained for HSV PCR.
 4. Whole blood should be obtained for HSV PCR.
 5. Alanine aminotransferase (ALT) should be obtained as an indicator of hepatic 

involvement [25].

In past decades, the presence of red blood cells in CSF was suggestive of HSV 
CNS infection, likely due to relatively advanced disease due to diagnostic limitations; 
however, with development of more advanced imaging and diagnostic capabilities, 
hemorrhagic HSV encephalitis is less commonly seen now, and as such most HSV 
CNS CSF indices do not have significant numbers of red blood cells unless the proce-
dure was traumatic. Performance of whole blood PCR adds to the other diagnostic 

Table 1 Mortality and morbidity outcomes among 295 infants with neonatal HSV infection, 
evaluated by the National Institutes of Allergy and Infectious Diseases’ Collaborative Antiviral 
Study Group between 1974 and 1997

Extent of disease

Treatment

Placebo Vidarabine
Acyclovir
30 mg/kg/day

Acyclovir
60 mg/kg/day

Disseminated disease n = 13 n = 28 n = 18 n = 34
  Dead 11 (85%) 14 (50%) 11 (61%) 10 (29%)
  Alive 2 (15%) 14 (50%) 7 (39%) 24 (71%)
  Normal 1 (50%) 7 (50%) 3 (43%) 15 (63%)
  Abnormal 1 (50%) 5 (36%) 2 (29%) 3 (13%)
  Unknown 0 (0%) 2 (14%) 2 (29%) 6 (25%)
Central nervous system infection n = 6 n = 36 n = 35 n = 23
  Dead 3 (50%) 5 (14%) 5 (14%) 1 (4%)
  Alive 3 (50%) 31 (86%) 30 (86%) 22 (96%)
  Normal 1 (33%) 13 (42%) 8 (27%) 4 (18%)
  Abnormal 2 (67%) 17 (55%) 20 (67%) 9 (41%)
  Unknown 0 (0%) 1 (3%) 2 (7%) 9 (41%)
Skin, eye, or mouth infection n = 8 n = 31 n = 54 n = 9
  Dead 0 (0%) 0 (0%) 0 (0%) 0 (0%)
  Alive 8 (100%) 31 (100%) 54 (100%) 9 (100%)
  Normal 5 (62%) 22 (71%) 45 (83%) 2 (22%)
  Abnormal 3 (38%) 3 (10%) 1 (2%) 0 (0%)
  Unknown 0 (0%) 6 (19%) 8 (15%) 7 (78%)

N. Kabani and D. Kimberlin



123

tools (surface and CSF cultures and PCR) but should not be used as the sole test for 
ruling in or ruling out neonatal HSV infection. Furthermore, viremia can occur in any 
of the three neonatal HSV disease classifications, so a positive whole blood PCR sim-
ply rules in neonatal HSV infection but does not assist in disease classification. HSV 
isolates grown in culture or HSV DNA detected by PCR can be typed to determine 
whether it is HSV-1 or HSV-2. Chest radiographs and liver function tests can aid in the 
diagnosis of disseminated infection. Of note, all infants with HSV disease, regardless 
of classification, need to have an ophthalmologic exam to look for ocular involve-
ment. Infected neonates also should have neuroimaging studies (MRI preferably, but 
CT head or ultrasound are acceptable) performed [25].

 Treatment

Before antiviral therapies were utilized, disseminated HSV disease caused death by 
1 year of age in 85% of patients. In babies with CNS disease, mortality was 50% 
(Table 1) [20]. In a series of research studies conducted by the National Institute of 
Allergy and Infectious Diseases (NIAID) Collaborative Antiviral Study Group 
(CASG) between 1974 and 1997, parenteral vidarabine, lower dose acyclovir 
(30 mg/kg/day), and higher dose acyclovir (60 mg/kg/day) were evaluated sequen-
tially [18, 20, 24]. These series of studies determined that babies with neonatal HSV 
disease should be treated with parenteral acyclovir at a dose of 60  mg/kg/day 
divided in three daily doses (Figs. 2 and 3) [16]; the dosing interval may need to be 
increased in premature babies, based on their creatinine clearance [26]. The treat-
ment duration is 21  days for babies with disseminated disease or CNS disease, 
while babies with SEM disease should be treated for 14 days [25]. All patients with 
CNS HSV disease should have a repeat lumbar puncture near the end of the 21-day 
course of acyclovir to document that the CSF PCR is negative; if the PCR remains 
positive, another week of parenteral acyclovir should be administered, and CSF 
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repeated in that manner until a negative CSF PCR is achieved [17, 27]. In contrast, 
the value of serial whole blood PCR determinations to gauge duration of therapy 
has not been established, and so blood PCR should not be performed following the 
initial testing to establish whether neonatal HSV infection exists.

The primary toxicity of higher dose parenteral acyclovir is neutropenia [16]. 
Absolute neutrophil counts (ANCs) should be monitored twice weekly throughout 
the course of parenteral therapy.

Oral acyclovir suppressive therapy for 6 months following acute parenteral treat-
ment improves neurodevelopmental outcomes in babies with CNS disease [25]. 
HSV establishes latency in the sensory ganglia and occasionally reactivates and 
causes clinically apparent or occult recurrence of disease. A recent double-blind, 
placebo-controlled study conducted by the CASG involving infants with neonatal 
HSV with CNS involvement compared Bayley mental developmental scores at 
1 year of babies receiving suppressive therapy with acyclovir for 6 months versus 
babies receiving placebo. The study found that the acyclovir group had a signifi-
cantly higher mean Bayley score than the placebo group (88.2 vs. 68.1), indicating 
superior developmental outcomes at 1 year of age (Fig. 4) [29]. Suppressive acyclo-
vir therapy has also been proven to prevent skin recurrences in any classification of 
HSV disease [28, 29]. Thus, infants should receive oral acyclovir at 300 mg/m2/dose 
three times daily as suppressive therapy for 6 months following the initial parenteral 
treatment course. This dose should be adjusted for growth monthly, and ANCs 
should be monitored at 2 and 4 weeks after starting therapy and then monthly there-
after while oral acyclovir is administered [25].

 Prevention

During pregnancy, all women should be asked about previous or current signs of 
genital infection. However, if they have not had signs, this does not rule out infec-
tion since most adults with genital HSV infection have never had clinically 
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identifiable symptomatic disease. Any pregnant woman with active genital infection 
should be given suppressive antiviral therapy at or beyond 36 weeks gestation, per 
the American College of Obstetricians and Gynecologists [25]. Any person coming 
in contact with a neonate should always have proper hand hygiene with good hand-
washing. Finally, any family members with known herpetic lesions on their mouths 
(cold sores or fever blisters) or hands (herpetic whitlow) should avoid contact with 
neonate, including nuzzling or kissing the neonate [25].
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Management of HIV-Exposed Infants

Wei Li A. Koay and Allison L. Agwu

 Epidemiology

At the beginning of 2017, approximately 36  million people were living with 
HIV infection, including approximately 1% of women of childbearing age [1]. 
Pregnant women with HIV infection can transmit infection to their infant 
(maternal-to-child transmission [MTCT]). The rate of perinatal transmission of 
HIV in the absence of any intervention during the prenatal, intrapartum, and 
postnatal period is approximately 18–32%, where early intervention is crucial in 
the prevention of perinatal HIV infection [2]. The rate of MTCT has dramati-
cally diminished to less than 2% in the United States and other resource-rich 
countries, due to the implementation of universal prenatal HIV counseling and 
testing, maintenance of virologic control in pregnant women with the use of 
ART, antiretroviral prophylaxis, scheduled cesarean delivery for high-risk preg-
nancies, and avoidance of breastfeeding [3, 4]. In the United States, where 
infant formula is widely available and safe, women with HIV are strongly 
advised to avoid breastfeeding. If an infant is not infected perinatally, the risk of 
infection from breastfeeding up to 24 months of age by a mother with HIV who 
is not virologically suppressed approaches 15% [5]. Ultimately, the goal is to 
minimize perinatal HIV transmission by effectively treating pregnant women 
with HIV and maintaining their viral load below the limit of detection through-
out pregnancy, providing postnatal prophylaxis to all HIV-exposed infants, and 
avoiding breastfeeding in resource-rich conditions.
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 Pathogenesis

Most MTCT of HIV occurs during the perinatal period, due to exposure to infected 
genital secretions. Perinatally infected infants have viral replication in their lym-
phoid tissue, including gut and respiratory lymphocytes, before developing viremia 
[6]. The median time to viremia in perinatally affected infants is approximately 
10 days (interquartile range, 6–14 days) [7]. Less commonly, transmission can be 
congenital if HIV crosses the placenta. Congenital infection has been identified in 
fetal tissues as early as the first trimester [8]. Congenitally infected infants have 
positive blood PCR testing in the first 48 h of life [9]. However, there is no differ-
ence in the clinical courses of infants infected perinatally versus congenitally.

Several factors contribute to a high risk of MTCT, including:

• High viral load during pregnancy
• Plasma viral load >1000 copies/mL near the time of delivery
• Acute HIV infection
• No antepartum or only intrapartum ARV
• Known ARV drug-resistant virus
• Presence of ulcerative sexually transmitted diseases such as herpes
• Prolonged rupture of membranes and prolonged second stage of labor
• Use of fetal scalp electrodes, forceps, or other intrapartum devices

All of these risk factors increase either the amount of virus present in blood and 
genital fluid or the amount of time the infant is exposed to virus [10–16].

 Clinical Findings

The majority of HIV-exposed infants are ultimately found to be uninfected. However, 
infants who are HIV-infected perinatally are initially asymptomatic, and therefore all 
HIV-exposed infants must receive prophylaxis and virologic follow-up to ensure that 
infected children are not missed (see Prevention, below) [17]. Infants who are infected 
with HIV can present in a variety of ways (Table 1) [18]. Most commonly, the infants 
do not yet have clinical signs when virologic testing becomes positive. Other infants 
may present with failure to thrive or growth delays. Diffuse lymphadenopathy, includ-
ing hepatosplenomegaly as well as cervical and inguinal adenopathy, is a common but 
nonspecific presentation of perinatal HIV. Severe or persistent candida rash, chronic 
seborrhea, chronic diarrhea, and recurrent sinopulmonary infections (e.g., otitis 
media, sinusitis, pneumonia) are also common presenting signs but may be difficult to 
differentiate from normal childhood infections initially. As infections get more severe, 
clinical suspicion for HIV infection should increase. Invasive bacterial infections, 
recurrent viral infections, persistent or unexplained anemia, leukopenia, or thrombo-
cytopenia, and the like should raise concerns, particularly if growth failure or adenop-
athy is present. Any AIDS-defining lesion—most commonly Pneumocystis 
pneumonia—should prompt immediate testing and treatment [19].
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 Diagnosis

Diagnosis of perinatal HIV infection is largely accomplished by HIV DNA PCR or 
antibody testing. Other testings, including viral genotyping and phenotyping, resis-
tance testing, and CD4+ T cell testing, are best accomplished by—or in consultation 
with—an infectious diseases specialist.

HIV DNA PCR. PCR is >95% sensitive and specific for perinatal HIV infection 
after 1 week of age [20]. As mentioned above, infants who are perinatally infected 
(rather than congenitally) may have a falsely negative 48 h DNA PCR because the 
virus is still limited to their mucosal lymphocytes at that point and has not yet 
reached the blood. Therefore, DNA PCR testing is ordered several times during 
early infancy (Table 2). HIV RNA PCR is not routinely used, as RNA PCR can be 
falsely positive if it detects maternal virus that is coating the infant’s skin but not 
replicating. In contrast, DNA PCR identifies active, replicating virus that has already 
undergone reverse transcription and therefore is a more specific test. However, any 
positive PCR should be promptly repeated, since false positives occur with any 
assay [21].

Antibody testing. The detection of HIV-1 antibody is extremely useful in adults; 
it appears 2–4 weeks after primary HIV infection and stays positive indefinitely. 

Table 1 Clinical presentations of infants and children with HIV infection (Adapted from [19])

Clinical category
N Asymptomatic
A Mildly symptomatic

  • Generalized lymphadenopathy
  • Hepatosplenomegaly
  • Recurrent sinopulmonary infection
  • Dermatitis
  • Parotitis

B Moderately symptomatica

  • Lymphoid interstitial pneumonia
  • Leukopenia, anemia, thrombocytopenia
  • Invasive bacterial infection, single
  • Chronic diarrhea
  • Recurrent or unusual viral infection

C Severely symptomatic
  •  AIDS-defining illness (e.g., Pneumocystis pneumonia, disseminated tuberculosis, etc.)
  • Multiple or recurrent invasive bacterial infection

Immune categoryb

1 No suppression, CD4+ T cells >25% of total lymphocytes
2 Moderate suppression, CD4+ T cells 15–24% of total lymphocytes
3 Severe suppression, CD4+ T cells <15% of total lymphocytes

aPartial list
bPercentages used rather than absolute CD4+ T cell count due to relatively higher total lymphocyte 
count in infants and young children (e.g., a child with 14% CD4+ T cells may have a CD4+ count 
of 1100 but still be considered severely immunosuppressed)
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However, anti-HIV antibody is transmitted transplacentally and therefore is not use-
ful for infants age <12 months. A negative antibody test after age 12 months excludes 
perinatal HIV infection, although maternal antibody may take up to 18 months to 
disappear. Therefore, positive antibody tests between age 12 and 18 months in an 
asymptomatic infant should be repeated after 18 months. A positive HIV antibody 
test beyond age 18 months is consistent with HIV infection [17, 21].

 Treatment

Infants with proven or highly suspected HIV infection should be treated with com-
bination ARV therapy. Therapy should be started immediately rather than waiting 
for signs of disease or a certain CD4+ T cell level, as prompt therapy is associated 
with markedly reduced morbidity and mortality [22]. Therapy should include at 
least three drugs from at least two different antiretroviral drug classes [23]. Many 
ARV agents, including the commonly used zidovudine and nevirapine, are available 
as liquid suspensions. Initiation, continuation, and monitoring of ARV therapy 
should be accomplished with the help of a pediatric infectious diseases specialist or 
a dedicated HIV treatment clinic.

Birth 1-2
weeks 

4
weeks 

6
weeks 

2 
months

4 
months

6 
months

9 
months

12 
months

15 
months

18 
months

Zidovudinea

Nevirapineb

TMP-SMXc

HIV DNA PCR X X X

Complete blood
cell countd 

X X X

Anti-HIV
antibody teste 

X

Immunizationsf X X X X X X X

Table 2 Diagnosis and management of HIV-exposed infants

Black bars or Xs indicate recommended management. Gray bars indicate optional situations
TMP-SMX, trimethoprim-sulfamethoxazole
aZidovudine should be given for 4 or 6 weeks as per Table 3
bNevirapine should be given in high-risk situations as per Table 3
cTMP-SMX should be given once zidovudine prophylaxis ends if HIV not already presumably 
excluded (two negative DNA PCR tests, at least one of which was obtained at age ≥ 4 weeks
dComplete blood counts before beginning zidovudine and then monthly; can be continued if anti-
retroviral therapy continues beyond 6 weeks
eAntibody test may be obtained as early as age 12 months; a negative test after age 12 months defi-
nitely excludes infection, but a positive test between 12–18 months should be repeated after age 
18 months. A positive antibody test after age 18 months is consistent with infection
fImmunizations should be given as per usual childhood schedule for HIV-exposed and HIV-
positive infants, including rotavirus. The only exceptions are that measles-mumps-rubella and 
varicella-zoster vaccine should not be given to HIV-positive children whose CD4+ T cell per-
centage is <15% and that live attenuated influenza vaccine is contraindicated for HIV-positive 
children
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 Prevention

The fact that the vast majority of HIV-exposed infants are ultimately uninfected is a 
testament to advances in preventative care over the past 30 years. Prevention recom-
mendations are described below.

Prenatal care. Combination ARV is recommended for all pregnant women, 
regardless of their CD4+ T cell counts or viral load [17]. ARV reduces maternal 
viral load in the blood and genital secretions, thus reducing the risk of perinatal 
transmission [24, 25]. Mothers who are already on an effective regimen should con-
tinue that regimen. Women who are not actively being treated with ARV should 
begin combination therapy guided by virologic resistance testing as soon as possi-
ble. Frequent monitoring of viral load is recommended throughout pregnancy and 
should be assessed again at approximately 34–36 weeks gestation to inform deci-
sions about mode of delivery and infant prophylaxis [17].

Intrapartum care. The delivery of HIV-infected women is guided by their peri-
partum viral load. For women whose viral load is undetectable (<50 copies/mL, 
low risk), no antiviral prophylaxis is needed, and vaginal delivery is appropriate in 
the absence of other obstetrical indications for cesarean delivery [17]. For women 
whose viral load is >1000 copies/mL or unknown (high risk), intravenous zidovu-
dine should be given during labor, and a cesarean delivery should be performed [2, 
17]. Evidence supports scheduled cesarean delivery at 38 weeks for women with 
viral load >1000 copies/mL [26]. The optimal management of intermediate-risk 
women (50–1000  copies/mL) is unclear, but most obstetricians manage these 
women as though they were high risk [27]. Obstetric procedures that should gener-
ally be avoided for high-risk women include artificial rupture of membranes, 
 episiotomy, use of fetal scalp electrodes, and delivery with forceps or a vacuum 
extractor [17].

Infant care. After delivery, all HIV-exposed infants should receive postpartum 
antiretroviral drugs as soon as possible (no later than age 6–12 h) to minimize the 
risk of perinatal HIV transmission (Table 3) [17]. Zidovudine is the primary agent 
and should be used for a minimum of 4–6 weeks pending results of the infant’s 
virologic testing. Six weeks was the traditional duration, but recent evidence sup-
ports limiting zidovudine to 4 weeks if the mother’s viral load was undetectable at 
the time of delivery.

For certain high-risk scenarios, a three-dose regimen of nevirapine can also 
be considered. Combination antiretroviral therapy as prophylaxis has received 
increasing attention due to the “Mississippi baby” experience [28]. In 2010, an 
extremely high-risk infant (premature, mother with no prenatal care) received 
prophylaxis with zidovudine, lamivudine, and nevirapine at birth and then tran-
sitioned to a treatment regimen of zidovudine, lamivudine, and boosted lopina-
vir. The child was confirmed to be infected and was treated for approximately 
18 months, at which time they were lost to follow up for almost 1 year. When 
the child reestablished care, the viral load was still undetectable despite the 
prolonged treatment interruption, raising hope for a “functional cure.” 
Unfortunately, the child’s viral load became detectable again after 
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approximately 2 years, at which time the child was started on treatment. The 
prolonged viremia-free period was possibly due to decreased viral reservoirs at 
the time of infection; studies are investigating this hypothesis in clinical trials 
[29]. In the meantime, three-drug combination therapy is an option for prophy-
laxis in high-risk situations [17].

For infants born to women with known ARV resistance to AZT (or NVP), the 
optimal prophylactic regimen is unknown and should be determined in consulta-
tion with a pediatric HIV specialist or through consultation with the National 
Perinatal HIV Hotline (888-448-8765) [17]. In addition to ARV prophylaxis, 
exposed infants should also receive prophylaxis against Pneumocystis jirovecii 
pneumonia [30]. This is generally accomplished with trimethoprim-sulfa-
methoxazole prophylaxis beginning at age 4–6 weeks, unless HIV infection has 
been presumptively excluded by that time. Breastfeeding should be avoided 
regardless of virologic suppression, unless resources are unavailable for infant 
formula. In addition, pre-mastication of food should be avoided to prevent post-
natal HIV transmission [31].

Table 3 Neonatal dosing of common antiretroviral drugs for prevention or treatment of perinatal 
HIV infection

Drug prophylaxis Dosing Duration
Zidovudine (ZDV) 
prophylaxis

≥35 weeks gestation: 4 mg/kg PO 
twice daily

4–6 weeksa

>30 to <35 weeks gestation at 
birth: 2 mg/kg PO twice daily for 
2 weeks, then 3 mg/kg PO twice 
daily for 4 weeks
<30 weeks gestation at birth: 2 mg/
kg PO twice daily for 4 weeks, then 
3 mg/kg PO twice daily for 
2 weeks

Nevirapine (NVP) 
prophylaxisb

Birth weight 1.5–2 kg: 8 mg dose 
PO flat dose
Birth weight > 2 kg: 12 mg dose 
PO flat dose

Three doses in the first week of 
life:
  1. Within 48 h of birth
  2. 48 h after first dose
  3. 96 h after second dose

Trimethoprim- 
sulfamethoxazole

5 mg/kg/day (of trimethoprim 
component) PO either once or 
divided BID on 3 consecutive days 
(e.g., Mon/Tue/Wed)

From when zidovudine 
prophylaxis is complete until HIV 
infection is excludedc OR 1 year 
of age, if HIV infected

aFor infants whose mothers had antenatal therapy and undetectable viral load at the time of deliv-
ery, only 4 weeks of zidovudine are indicated
bNevirapine should be added to zidovudine for infants born to mothers who (1) have not received 
any antepartum therapy, (2) had primary (acute) HIV infection during pregnancy, or (3) were 
treated but did not achieve undetectable viral load before delivery, particularly if delivery was 
vaginal
cIf HIV infection is presumptively excluded before end of zidovudine therapy (e.g., 1-week and 
4-week HIV DNA PCRs are negative and 6-week course of zidovudine is completed), then 
trimethoprim- sulfamethoxazole prophylaxis is not necessary
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Lymphocytic Choriomeningitis Virus

Joseph B. Cantey

 Epidemiology

Lymphocytic choriomeningitis virus (LCMV) is found in rodents. Wild mice are the 
natural reservoir of LCMV and can transmit the virus both horizontally and verti-
cally [1]. However, other rodents can be infected including pets such as mice, rats, 
guinea pigs, and hamsters. The virus is shed in the saliva, urine, and feces of rodents 
[2]. Humans acquire infection by direct contact with rodents or by aerosolizing 
infected particles (e.g., while cleaning a long-vacant cabin) [3]. Primary infections 
in adults may be asymptomatic or can present with either a nonspecific viral syn-
drome (a “flu-like illness”), aseptic meningitis, or—rarely—encephalitis. The prev-
alence of LCMV infection in humans has not been well described but is estimated 
to be between 2 and 5% [4, 5]. However, prevalence may be higher in patients who 
are homeless or live in extreme poverty, presumably due to increased contact with 
rodents [6].

 Pathogenesis

LCMV displays a marked tropism for developing neurons and the retina [2]. In 
contrast to other congenital pathogens, LCMV causes minimal disruption outside 
the central nervous system—an important consideration when trying to differentiate 
LCMV from its much more common mimic, cytomegalovirus.

Neuronal injury: After reaching the fetus, LCMV preferentially infects 
 neuroblasts—progenitors of neurons that arise in the periventricular space and 
migrate toward the periphery of the cortex to their final locations. LCMV infects 
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and destroys neuroblasts before they can mature, leading to periventricular calcifi-
cations and neuronal migration defects [7].

Chorioretinitis: As noted below, all reported cases of congenital LCMV infection 
have included chorioretinitis. Scarring in the periphery of the retina is common and 
generally leads to visual impairment [8].

 Clinical Findings

Congenital LCMV infection should be suspected when some combination of cho-
rioretinitis, microcephaly, ventriculomegaly, periventricular calcifications, or neu-
ronal migration defects are seen. Chorioretinitis (100% of cases) and microcephaly 
(~70% of cases) are the two most common findings [9].

Notably, the clinical features of LCMV are indistinguishable from congenital 
cytomegalovirus infection, but the latter is much more common. Congenital toxo-
plasmosis also has a similar presentation. Therefore, testing for LCMV should be 
deferred until congenital cytomegalovirus and toxoplasmosis are excluded [10]. 
Notably, non-central nervous system findings that are common in congenital cyto-
megalovirus or toxoplasmosis (e.g., growth restriction, hepatosplenomegaly, rash) 
are rare in LCMV.

Whether LCMV can cause asymptomatic congenital infection is not known. 
Both animal studies of LCMV and experience with other congenital pathogens (see 
chapter “Pathogenesis of Congenital Infections”) suggest that infection later in 
pregnancy could result in asymptomatic infection, but data in human infants is lim-
ited to those with clinically apparent disease.

 Diagnosis

The diagnosis of LCMV is based on serology. IgM and IgG testing is commercially 
available and relatively accurate [11]. A positive IgM or an elevated IgG level in the 
setting of clinical signs is generally acceptable diagnostic criteria. In some cases, 
the infant’s initial IgG may be low (<1:256), and the IgM may be negative; in these 
cases, a stable or rising titer in 4–6 months is consistent with infection.

PCR testing is available in certain laboratories but is not widely available for 
clinical use; the timing of LCMV disappearance from blood and cerebrospinal fluid 
after congenital infection is also unclear.

 Treatment

There is no effective antiviral therapy for LCMV; treatment is supportive. 
Multidisciplinary follow-up care—including ophthalmology as well as speech, 
occupational, and physical therapy—should be offered to infants with congenital 
LCMV in order to maximize their functional outcome [3].
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 Prevention

Women who are pregnant or trying to conceive should avoid contact with rodents or 
their excreta. Homes with known or suspected rodent infections should undergo 
rodent control, including sealing rodent access points from the outside. Removal of 
pet rodents from the home is unnecessary, but pregnant women should avoid direct 
handling or cleaning of cages for the duration of pregnancy.
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Malaria

Joseph B. Cantey

 Epidemiology

More than 100  million pregnant women acquire malaria annually [1]. Pregnant 
women—particularly primigravidas—are at higher risk of both infection and poor 
pregnancy outcomes. These include spontaneous abortion, stillbirths, and growth 
restriction [2]. Malaria in pregnancy contributes to approximately 200,000 infant 
deaths annually in addition to an unknown number of early pregnancy losses. The 
majority of pregnant women who acquire malaria reside and deliver in endemic 
areas, but an increasing number of pregnant women who reside in areas without 
malaria are acquiring travel-related malaria during their pregnancy and returning 
home to deliver (Fig. 1) [3–11].

 Pathogenesis

Protection against malaria is conferred largely by antibody [12]. Pregnant women 
who have never been exposed to malaria (i.e., travelers from non-endemic regions) 
are at the highest risk. For women living in endemic regions, increasing age and 
increasing parity are associated with protective antibody levels and decreased risk 
for clinically apparent malaria [13, 14]. Therefore, young women and primigravidas 
are at higher risk for malaria in pregnancy [15].

The transmission of malaria to the fetus is shown in Fig. 2. Within 30 min of a 
mosquito bite, sporozoite forms of Plasmodium sp. are injected into the blood and 
spread to the liver, where they mature into schizonts. Each schizont contains 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-90038-4_16&domain=pdf
mailto:cantey@uthscsa.edu


140

21

17

24

14

19

41

37

32

36

32

1 0 0 1
3

0
2

0
2 1

1528 1564 1505

1298

1484

1691

1925

1687 1727 1724

0

500

1000

1500

2000

2500

0

5

10

15

20

25

30

35

40

45

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

A
ll confirm

ed U
S

 cases
M

al
ar

ia
 a

m
on

g 
w

om
en

 a
nd

 c
on

ge
ni

ta
lly

-
in

fe
ct

ed
 in

fa
nt

s

Pregnant women Congenital malaria All cases

Fig. 1 US surveillance data from the CDC during the 10-year period from 2005 to 2014 [3–11]. 
Despite increasing incidence of malaria overall (yellow line) and among pregnant women (blue 
line), congenital malaria remains rare (red line). However, the outcome of the pregnancy was not 
known in many cases, and therefore congenital malaria rates may be underrecognized
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Fig. 2 The stages of maternal-fetal malaria infection are shown here. Mosquitos inject sporozoites 
into maternal circulation during a blood meal. Sporozoites infect hepatocytes and mature into 
schizonts, which release merozoites into maternal circulation. Merozoites that infect maternal red 
blood cells become trophozoites (the characteristic “ring forms” of malaria) or gametocytes (not 
shown, allow reproduction inside the mosquito when gametocytes are ingested during a subse-
quent blood meal). Merozoites that reach the maternal side of the placenta (decidua) will infect 
endometrial cells and mature into schizonts. Malaria reaches the intervillous space either by trans-
location of the parasite directly via antigen/antibody complexes, infected red blood cells, or within 
macrophages. In 95% of the cases, the placenta is able to prevent transmission to the fetus. In the 
remaining 5%, parasites reach the fetus and can lead to true congenital malaria
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thousands of merozoites, which are released into the blood. Merozoites then infect 
red blood cells and become trophozoites (ring forms). The trophozoite within each 
cell then matures into a schizont and ruptures, causing marked hemolysis and 
inflammation. The newly released merozoites are capable of infecting new red 
blood cells in turn, leading to cycles of hemolysis and fever [16].

When merozoites reach the maternal side of the placenta (the decidua), they can 
infect both endometrial cells as well as the decidual macrophages. The intervillous 
space becomes crowded with parasite-infected macrophages, decreasing nutrition 
and oxygen exchange and contributing to fetal growth restriction [17].

In rare cases, Plasmodium sp. can reach fetal circulation either by maternal-fetal 
hemorrhage or active transport of antibody-Plasmodium complexes. However, the 
placenta is an effective barrier to fetal transmission; only approximately 5% of 
infants with infected placentas will have parasitemia [15].

To complicate matters, sporozoite forms of P. vivax and P. ovale are capable of 
forming hypnozoites (“sleeping animals” in Greek) that can remain latent within 
hepatocytes for prolonged periods before reactivating. Since hypnozoites are not 
susceptible to all anti-parasitic therapies, maternal treatment of P. vivax and P. ovale 
requires the addition of primaquine. However, sporozoites are not transmitted to the 
fetus in congenital malaria, so treatment of newborns with primaquine is not neces-
sary (see Treatment, below).

 Clinical Findings

 Growth Restriction and Prematurity

The most common findings (Box 1) among infants born to mothers with malaria 
during pregnancy include lower birth weight than matched controls at similar gesta-
tional ages, with an average decrease of approximately 200–300 g [18]. Preterm 

Box 1 Clinical Findings Among Infants Born to Mothers with Malaria  
During Pregnancy

• Intrauterine growth restriction (+++)
• Prematurity (++)
• Congenital malaria (+)
• Fever (+)
• Anemia (+)
• Splenomegaly (+)
• Jaundice *
• Hepatomegaly *

+++Most common, ++common, +least common, *rare
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delivery is also more common but more difficult to quantify in low-resource settings 
where pregnancy dates may be uncertain [19]. As a correlate, regional malaria con-
trol efforts have been associated with decreased rates of preterm delivery and low 
birth weight [20, 21].

 Congenital Malaria

A small fraction of infants will develop congenital malaria (i.e., parasitemia). The 
average age at presentation for infants with congenital malaria is approximately 
2–4 weeks (95% confidence interval, 1–8 weeks) [22, 23]. However, symptomatic 
infants have been identified within the first 24 h after delivery when parasite bur-
den is very high [24]. The most common presentation for infants with congenital 
malaria includes fever, anemia, and splenomegaly. The fever usually does not 
achieve the cyclical pattern seen in older patients with malaria. The anemia may be 
striking and can be associated with hyperbilirubinemia and reticulocytosis. 
Hepatomegaly may also be present but is less common and less severe than sple-
nomegaly [23].

 Postnatal Malaria

Mosquito-acquired malaria presents similarly to congenital malaria. Because many 
infants at risk for congenital malaria are delivered and raised in malaria-endemic 
areas, it may be difficult to differentiate postnatal malaria from congenital infection. 
In the United States and other malaria-free areas, infants are assumed to be congeni-
tally infected unless they have traveled to a malaria-endemic region postnatally [25]. 
Notably, fetal exposure to malaria has been clearly linked to earlier and more frequent 
episodes of mosquito-acquired malaria in the first few years of life. It is hypothesized 
that the fetus is forced to develop a decreased immune response (tolerance) in order to 
survive, which predisposes the infant to postnatal infections [26, 27].

 Diagnosis

The diagnosis of congenital malaria can be made via several modalities (Table 1), 
but thick and thin smears of peripheral blood are the gold standard [28].

 Thick and Thin Smears

When performed by an experienced provider, microscopic examination of serial 
thick and thin smears of the peripheral blood obtained via heel stick has excellent 
sensitivity and specificity and is the gold standard for diagnosis. When congenital 
malaria is suspected, a minimum of three sets of thick and thin smears should be 
obtained every 12–24 h until malaria has been confirmed or excluded.

J. B. Cantey



143

Thick smears have good sensitivity and allow quantification of parasitemia, usu-
ally expressed as percentage of red blood cells infected. Thin smears allow specia-
tion of the Plasmodium species based on the morphology, which in turn will inform 
treatment. Before peripheral smears are obtained, nursery providers should coordi-
nate with the microbiology lab and infectious diseases service in order to ensure that 
the smears can be properly fixed, stained, and read. The Centers for Disease Control 
and Prevention (CDC) have a telemedicine service that allows fast and accurate 
identification if parasitology is not locally available (http://www.cdc.gov/dpdx/con-
tact.html) [29].

Microscopic examination of the placenta is very sensitive for congenital malaria, 
as placental malaria is a prerequisite for fetal infection. However, the placenta is an 
effective barrier to malaria transmission, and the majority of infants born to mothers 
with placental malaria do not have congenital malaria (see Pathophysiology, above) 
[15, 30].

 Rapid Antigen Detection

A variety of antigen detection tests are available for malaria and are widely used in 
low-resource settings. Although inexpensive and easily portable, these tests have 
lower sensitivity than peripheral blood smears and are not recommended for use in 
high-resource settings [31].

 Nucleic Acid Detection

Polymerase chain reaction (PCR) testing and other nucleic acid-based detection 
methods are increasingly used for research purposes but have not become widely 
available for clinical use. Unsurprisingly, nucleic acid-based tests have excellent 
sensitivity but are expensive and comparatively slow relative to peripheral blood 
smears and do not currently quantify parasitemia [32].

Table 1 Diagnostic tests for congenital malaria

Test Advantages Disadvantages
Thick smear •  Excellent sensitivity 

for parasite detection
• Does not allow speciation

Thin smear •  Allows speciation by 
parasite morphology

• Less sensitive than thick smears

Rapid 
antigen test

•  Portable and 
inexpensive

• Less sensitive
• Not all kits provide species information
• Not recommended in the United States

Nucleic acid 
detection

• Extremely sensitive • Expensive
• Relatively slow compared to smears
• Not widely available

Serology •  Used for screening 
blood donors

•  Neither sensitive nor specific for congenital malaria
•  Does not preclude need for thick and thin smears 

when malaria suspected

Malaria
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 Serology

Serology is not indicated for the evaluation of congenital malaria. Since the 
majority of women of childbearing age living in a malaria-endemic region possess 
antibody, detection of antibody is not specific for congenital malaria. Since preex-
isting immunity is not sufficient for protection during pregnancy (see 
Epidemiology), infants with detectable levels of antimalarial immunoglobulin are 
still at risk for congenital malaria. However, maternal-fetal risk is greatest with 
primigravid, nonimmune mothers, whose infants may lack transplacental anti-
body. Therefore, serologic testing is of little clinical value when congenital 
malaria is suspected.

 Treatment

Treatment of congenital malaria should be provided in coordination with pediatric 
infectious diseases and with the local health department. Up-to-date treatment 
guidelines are available on the CDC website (https://www.cdc.gov/malaria/diagno-
sis_treatment/treatment.html) [33].

For sensitive strains of P. falciparum and all P. vivax, P. ovale, and P. malariae, 
chloroquine is the recommended treatment (Table  2). Chloroquine can be given 
orally and is well tolerated. For infants who cannot receive oral therapy, intravenous 
quinidine can be substituted. Resistant strains of P. falciparum require combination 
therapy, usually with quinidine and clindamycin.

Severe malaria (e.g., >5% parasitemia or end-organ dysfunction) should be 
treated with intravenous quinidine and clindamycin. Exchange transfusion should 
also be considered for very high levels of parasitemia, usually >10%.

 Prevention

Nonimmune pregnant women traveling to malaria-endemic regions represent an 
extremely high-risk population. Eliminating exposure to mosquitos that may trans-
mit malaria is the most effective strategy for prevention. Avoiding travel to 

Table 2 Treatment of congenital malaria

Diagnosis Treatment
P. falciparum, chloroquine-resistant Quinine PO and clindamycin PO
P. falciparum, chloroquine-sensitive Chloroquine PO
P. malariae, vivax, and ovale Chloroquine PO
Severe malaria, any species
(>5% parasitemia or signs of organ failure)

Quinidine IV and clindamycin IV
Consider exchange transfusion if >10% load

Note: Up-to-date recommendations, including information regarding worldwide chloroquine 
resistance, can be found on the CDC website [33]. Treatment of congenital malaria should always 
be administered via coordination with the health department and pediatric infectious diseases
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malaria- endemic areas during pregnancy is the most certain means of prevention. 
Use of long sleeves and pants to minimize skin exposure, mosquito repellants con-
taining DEET, and mosquito netting around sleeping areas are critical.

In addition, chemoprophylaxis for pregnant women traveling to malaria-endemic 
areas is recommended. For chloroquine-sensitive areas, chloroquine or hydroxy-
chloroquine can be taken safely during all trimesters. In chloroquine-resistant areas, 
mefloquine is recommended. Atovaquone has not been well studied but is some-
times used as a second agent in chloroquine-resistant areas for women who have 
hallucinations or other severe side effects from mefloquine. Doxycycline and prima-
quine are not recommended in pregnancy.

Finally, pregnant women who live in an endemic area should take intermittent 
preventive treatment (IPT). Historically, this was accomplished with sulfadoxine- 
pyrimethamine monthly beginning in the second trimester [34]. However, recent 
studies suggest that the combination of dihydroartemisinin-piperaquine has supe-
rior efficacy and a similar safety profile [35, 36]. IPT is associated with less 
maternal malaria, less placental malaria, longer pregnancies, and higher birth 
weights.
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Parvovirus
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 Epidemiology

Humans are the only hosts of parvovirus B19. Parvovirus is extremely contagious 
and is transmitted via respiratory tract secretions [1]. The incubation period from 
acquiring parvovirus B19 infection to the development of symptoms is approxi-
mately 1 week (range, 4–21 days). In older children and adults, parvovirus B19 may 
cause a nonspecific viral syndrome with fever, malaise, and myalgias. However, in 
younger children, the classic presentation is erythema infectiosum (fifth disease), an 
erythematous rash on the face with a characteristic “slapped-cheek” appearance [2]. 
Rash can also occur on the trunk, arms, buttocks, and thighs.

The presence of anti-parvovirus IgG in serum is considered protective; approxi-
mately 60% of adults are seropositive for parvovirus B19. Transmission is highest 
during cold weather months but can occur year-round. Pregnant women who have 
young children of their own or who work in schools or daycare are at higher risk of 
being infected [3]. The risk of infection during pregnancy for seronegative women 
is estimated around 2% per pregnancy [4].

Parvovirus serotypes other than B19 are gastrointestinal pathogens in dogs and 
cats. These serotypes do not infect humans.

 Pathogenesis

Parvovirus B19 affects human erythroid progenitor cells in the bone marrow. Once 
it enters erythroblastic cells, parvovirus establishes a lytic infection cycle that results 
in suppression of erythrogenesis [5]. Bone marrow histopathology reveals 
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diminished erythroid precursors and intranuclear viral inclusions in immature ery-
throid progenitor cells [6]. Platelet progenitors (megakaryocytes) can also be 
affected, leading to thrombocytopenia, but this is usually milder than the red cell 
aplasia. White blood cells are generally minimally affected. At the peak of viremia, 
infected patients have anemia with low or absent reticulocyte count. The degree of 
anemia is most severe in preterm infants or fetuses (see Clinical Findings, below).

Parvovirus is also capable of infecting cells other than erythroblasts, although it 
cannot reproduce in them. This includes neurons and cardiac myocytes, and parvo-
virus is capable of causing encephalitis [7] and myocarditis [8] in the fetus and 
young infant.

 Clinical Findings

 Pregnant Women

Pregnant women infected with parvovirus may experience a mild febrile exanthem, 
generally with a nonspecific maculopapular rash. Rarely, women may experience 
overt anemia or arthralgias. However, most pregnant women with parvovirus infec-
tion will be asymptomatic, highlighting the importance of testing exposed women 
even in the absence of symptoms [9].

 Congenital Infection

As with other pathogens, congenital infection with parvovirus B19 is capable of 
causing a variety of clinical presentations depending on timing and severity of 
infection, ranging from subclinical infection to fetal hydrops or death [10].

Asymptomatic fetal infection. The majority of congenital infections are asymp-
tomatic. Prospective cohort studies have shown that following primary maternal 
infection during pregnancy, approximately 30–50% of fetuses will be infected, but 
most will not have any clinical signs of infection [11].

Fetal anemia. For the minority of infants with clinically apparent congenital par-
vovirus infection, anemia is the most common presentation. As described above, 
parvovirus can cross the placenta and destroy fetal erythroblastic cells, leading to 
fetal anemia. This can be detected during fetal ultrasound if there is increased veloc-
ity of blood flow in the fetal middle cerebral arteries [12]. For some infants, fetal 
anemia is isolated and mild to moderate. However, severe cases of fetal anemia are 
associated with the development of nonimmune fetal hydrops.

Fetal hydrops. Hydrops is an uncommon (but perhaps the best known) sequela of 
congenital parvovirus infection. When fetal anemia is severe, the destruction of the 
fetal red blood cells leads to low intravascular oncotic pressure and loss of fluid into 
tissue. Simultaneously, the infected fetal myocardium will compensate for severe 
anemia by attempting to increase cardiac output, leading to high-output cardiac 
failure. The combination of cardiac failure and decreased oncotic pressure leads to 
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nonimmune hydrops. The accumulation of fluid in the skin or pleural, pericardial, 
and peritoneal spaces is readily evident on ultrasound [13].

Fetal death. Approximately 5–10% of pregnancies with clinically evident con-
genital parvovirus infection are lost. This is often due to fetal hydrops leading to in 
utero demise or stillbirth; approximately 30% of fetuses with hydrops will not sur-
vive. However, the majority of fetal deaths associated with parvovirus are not attrib-
utable to hydrops but instead may be due to inflammation, anemia alone, cardiac 
arrhythmias, or other causes [14].

 Diagnosis

Diagnosis of parvovirus B19 infection can be accomplished with serologic testing, 
PCR testing, or both. Routine screening for parvovirus is not recommended [15, 
16]. However, if a pregnant woman is exposed to or suspected to be infected with 
parvovirus, maternal serum should be tested for parvovirus IgG, IgM, and PCR 
approximately 2 weeks after exposure. In a small fraction of cases (~5%), IgM may 
be falsely negative. Adding PCR to serologic testing, particularly in high- probability 
cases, improves sensitivity and may be cost effective [17]. A positive IgM or PCR 
test, regardless of IgG result, should prompt additional evaluation of the fetus 
(Fig. 1). If IgM and PCR are both negative ≥2 weeks after exposure or illness, acute 
infection is unlikely.

A pregnant woman with clinical or serologic evidence of acute parvovirus infec-
tion should have prompt fetal sonography. Fetal manifestations usually appear 
within 2–12 weeks after maternal infection (median, 6 weeks), and so serial sonog-
raphy is critical even if the initial ultrasound is unremarkable.

If severe fetal anemia or hydrops develops, and the infant is large enough for 
cordocentesis (generally approximately 18  weeks’ gestation), the umbilical cord 
blood can be sampled percutaneously for complete blood count, reticulocyte count, 
and parvovirus testing with IgM and PCR [18]. Of note, parvovirus DNA can persist 
for a long period after initial infection, and viral loads do not seem to correlate with 
clinical outcome, so repeated testing or monitoring of viral load is unnecessary.

 Treatment

There is no vaccine or medication to prevent parvovirus B19 infection; treatment is 
supportive. Intravenous immunoglobulin administered to the neonate or the fetus 
has been used in severe cases with some success, although this approach has not 
been evaluated in controlled trials [19–22]. For severe fetal anemia or hydrops, the 
same percutaneous umbilical sampling procedure used for diagnostic testing can 
also be used for packed red blood cell or platelet transfusions if needed [18]. 
Transfusions can be repeated as necessary. When the infant is approximately 
32 weeks’ gestation, or if cord blood transfusion is not effective, delivery should be 
considered [15, 16].
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Concern for maternal exposure
OR

Evidence of fetal anemia or hydrops

IgM, IgG, PCR all
negative

No infection

Test maternal serum for
parvovirus IgM, IgG, PCR

IgM OR PCR positive
Acute infection

IgG positive, IgM negative,
PCR negative
Past infection

Fetal evaluation:
Initial and then weekly

ultrasonography for ~12 weeks

Evidence of fetal
anemia or hydrops?

NO

YES

≤17 weeks
gestation

≥32 weeks
gestation

Monitor until ≥18
weeks gestation

Percutaneous umbilical
cord sampling

Immediate delivery
Postnatal testing

Serial
ultrasonography

• Complete blood count
• Reticulocyte count
• Parvovirus IgM, PCR

Percutaneous transfusions as needed
Delivery at 32 weeks gestation or for

severe hydrops fetalis

18-31 weeks
gestation

Fig. 1 Flow diagram for the diagnosis and treatment of congenital parvovirus infection

M. Sunkara



151

 Prevention

Similar to cytomegalovirus (see chapter “Cytomegalovirus Infection”), hand 
hygiene is critical to parvovirus prevention, especially for pregnant women exposed 
to young children—the most likely source of parvovirus. Women with young chil-
dren in the home or who work in education or childcare are at higher risk of acquir-
ing parvovirus infection. Washing hands frequently with soap and water or 
ethanol-based hand sanitizers; avoiding touching the eyes, nose, or mouth; and 
avoiding close contact with people who are sick are some ways to reduce the chance 
of being infected with parvovirus B19. Notably, infectivity is highest before the rash 
appears; once the exanthem is evident, the infected individual is no longer consid-
ered contagious [23]. Therefore, avoidance of children with fifth disease does not 
prevent exposure to parvovirus.
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Rubella

Joseph B. Cantey

 Epidemiology

Rubella virus is transmitted person-to-person via infected respiratory droplets or, 
less commonly, from other sites such as urine, stool, and skin. Rubella circulates 
year-round, with a peak in winter and early spring; however, outbreaks are possible 
in crowded conditions (e.g., dormitories, barracks, cruise ships) or in populations 
where vaccine coverage is low [1].

Rubella virus has a basic reproduction number (R0, the number of subsequent 
infections that result from a single infection in a homogenous population) of 5–7. 
This means that rubella vaccination coverage needs to be at least 80–86% to main-
tain effective herd immunity [2]. Data from National Health and Nutrition 
Examination Surveys shows that the proportion of US women with rubella immu-
nity, defined as rubella antibody ≥10  IU, has steadily increased over the past 
30 years (Fig. 1), since the inclusion of rubella vaccine as part of routine childhood 
immunization practice [3–5]. Ninety-four percent of kindergartners and 90% of 
adolescents surveyed during the 2016–2017 school year had received ≥2 doses of 
measles-mumps-rubella (MMR) vaccine; these rates have been relatively stable 
over the past decade [6, 7].

In 2015, the World Health Organization declared rubella and CRS eradicated in 
the Americas, as the incidence of CRS had dropped to <2 per 100,000 live births [8]. 
However, CRS remains common in other parts of the world, with an estimated inci-
dence of 90–120 per 100,000 live births in Asia and Africa [9].
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 Pathogenesis

Congenital rubella syndrome has a similar pathogenesis to other congenital infec-
tions. Pregnant women with primary rubella infection have a period of viremia, 
during which time the virus can cross the placenta and reach the fetal circulation 
[10]. The probability of rubella virus crossing the placenta and the severity of fetal 
infection both decrease at later stages of pregnancy (Fig. 2) [11, 12]. For the pur-
poses of this chapter, infants with signs of rubella infection are said to have CRS; 
infants with proven rubella infection but no clinical manifestations are said to be 
silently infected. These infants with clinically inapparent infections are more 
 common—but less likely to be identified—than infants with CRS.

 Clinical Findings

The classic triad of CRS includes congenital cataracts, cardiac defects, and sensori-
neural hearing loss (SNHL) [13]. However, most infants with in utero rubella infec-
tion are asymptomatic at birth but remain at risk for sequelae (e.g., hearing 
impairment) later in childhood.
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Fig. 1 Proportion of childbearing-age women who are rubella immune (≥10  IU) according to 
National Health and Nutrition Examination Survey data [3–5]. Women who are nonimmune should 
receive a single dose of rubella vaccine in the postpartum period or >28 days before becoming 
pregnant. Immunization during pregnancy is contraindicated
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 Congenital Cataracts

Cataracts may be unilateral or bilateral and may be present at birth or develop over 
the first few weeks of life. Affected infants may also have microphthalmia. 
Fundoscopy may reveal focal areas of hyper- and hypopigmentation around the 
macula (the so-called “salt and pepper” retinopathy); this finding may be present 
even in the absence of cataract and is the most common ocular manifestation of 
CRS [14].

 Congenital Heart Disease

Congenital heart disease occurs in the majority of infants with CRS. Patent ductus 
arteriosus is the most common lesion, followed by stenosis of the pulmonary valve 
or artery, aortic valve stenosis, coarctation, and tetralogy of Fallot. Atrial and ven-
tricular septal defects seem to occur at the same rate in infants with and without 
CRS [15].

 Sensorineural Hearing Loss

SNHL is the most common sequela of CRS and may be an isolated finding. Similar 
to congenital cytomegalovirus infection, CRS can cause unilateral or bilateral hear-
ing loss, ranging from mild to profound, with onset in the newborn period or in later 
childhood [16].
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Fig. 2 The risk of fetal loss and congenital rubella syndrome decreases markedly as gestation 
progresses. Fetuses of women infected in the first trimester are at highest risk due to ongoing 
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 Other Manifestations

CRS may present similarly to other congenital infections, with nonspecific signs of 
fetal infection such as intrauterine growth restriction, jaundice, hepatosplenomeg-
aly, blueberry muffin spots, anemia, thrombocytopenia, and bony radiolucencies. 
However, these findings are nonspecific.

 Diagnosis

Pregnant women: Pregnant women should undergo rubella antibody testing at their 
first prenatal visit. Generally, a titer of ≥10  IU is sufficient to provide immunity, 
although reinfection has been reported for women with low-level immunity (10–30 IU) 
[17, 18]. Pregnant women who are nonimmune or with low-level immunity who:

 1. Have been exposed to an individual with a febrile exanthem
 2. Develop a febrile exanthem

should be tested within 1–4  weeks for rubella and parvovirus (see chapter 
“Parvovirus”) [19]. Identification of rubella IgM or IgG in a nonimmune woman, or 
≥4-fold increase in IgG for a woman with low-level immunity (e.g., from 15 to 
100 IU), is concerning for maternal infection (Fig. 3).

Fetus: For women with confirmed rubella infection during the first or early sec-
ond trimester, amniocentesis, chorionic villus sampling, or fetal blood sampling 
allows direct testing of the fetus by PCR and can help inform decision-making dis-
cussions between the family and the perinatal care team [20].

Infants: Rubella virus is heavily excreted by infants with CRS and can be identi-
fied by culture or PCR from body fluids [21]. Rubella is most concentrated in the 
pharynx, but urine, conjunctivae, or cerebrospinal fluid can also be tested. Prompt, 
direct identification of the virus is the gold standard for diagnosis as it decreases the 
risk of confusing a postnatal infection with a congenital infection. Alternatively, 
serologic diagnosis is also possible either by identification of rubella IgM from the 
infant or by persistence of rubella IgG beyond 6–12 months of age, until such time 
as the child is immunized with measles-mumps-rubella vaccine [22].

Infants with probable or proven CRS should undergo thorough evaluation, 
including a complete physical examination and fundoscopy, echocardiogram, and 
baseline and follow-up audiologic evaluation.

 Treatment

There is no effective antiviral therapy for CRS; treatment is supportive. 
Multidisciplinary follow-up care—including audiology, speech, occupational, and 
physical therapy—is required for infants with CRS in order to maximize their func-
tional outcome [1].
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 Prevention

Strategy: Active immunization with rubella-containing vaccines has virtually elimi-
nated endemic rubella in the Western hemisphere. Immunization strategies in the 
United States include routine immunization with MMR at age 1 and 4 years as well 
as selective immunization for rubella nonimmune women of childbearing age.

Contraindications: MMR is composed of live-attenuated virus and is therefore 
contraindicated in pregnancy due to concerns for potential teratogenicity. It is also 
recommended that women avoid becoming pregnant for 28  days after receiving 
MMR [23]. However, there are no known cases of CRS following inadvertent 
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Fig. 3 Management approach to rubella nonimmune women and their infants during and after 
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immunization of pregnant women with MMR vaccine. Therefore, women with 
undiagnosed pregnancy who receive MMR should receive routine antepartum care; 
pregnancy termination is not recommended [24]. Ideally, MMR should be given to 
nonimmune women during the immediate postpartum period [25, 26].
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Congenital Syphilis

Joshua M. Cooper, Jessica E. Williams, and Pablo J. Sánchez

 Epidemiology

Congenital syphilis, a result of fetal infection with Treponema pallidum, remains a 
major public health problem worldwide [1, 2]. In 2016  in the United States, the 
number of cases reported to the Centers for Disease Control and Prevention (CDC) 
increased to 628 (15.7/1000,000 live births), of which 41 were syphilitic stillbirths. 
This increase in congenital syphilis paralleled increases in primary and secondary 
syphilis among women [3].

 Pathogenesis

Transmission of syphilis to the fetus occurs transplacentally during maternal spiro-
chetemia, although it can occur intrapartum by contact with maternal genital 
lesion(s) [4–6]. Vertical transmission increases as the stage of pregnancy advances 
(see chapter “Pathogenesis of Congenital Infections”) but can occur at any time in 
gestation. Vertical transmission is related to the stage of maternal syphilis, with 
transmission rates of about 30%, 60%, 50%, and 13% in mothers with primary, 
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secondary, early latent, and late latent infection, respectively [7]. Latent syphilis is 
the most common stage for syphilis diagnosed during pregnancy.

Syphilis during pregnancy is associated with such adverse outcomes as sponta-
neous abortion, stillbirth, nonimmune hydrops, premature delivery, perinatal death, 
and the clinical syndromes of early (<2 years of age) and late (≥2 years of age) 
congenital syphilis [8]. The placenta of newborns with syphilis may be large, thick, 
and pale. Histopathologic examination demonstrates necrotizing funisitis (“barber’s 
pole” appearance), villous enlargement, and acute villitis, and spirochetes may be 
visualized by special staining techniques [9].

 Clinical Findings

The majority of infants born to mothers with untreated syphilis appear normal and 
have no clinical or laboratory evidence of infection at birth but may develop mani-
festations of disease months to years later if left untreated [10, 11]. The clinical 
manifestations of early congenital syphilis are provided in Table 1. The most fre-
quent abnormalities include hepatosplenomegaly with or without hepatitis, rash, 
and abnormal long bone radiographs (osteochondritis, periostitis). The bone 
lesions may be painful and result in subepiphyseal fracture and epiphyseal disloca-
tion with pseudoparalysis of the affected limb (pseudoparalysis of Parrot). The 
rash can vary from maculopapular (copper-colored) with desquamation mostly on 
the palms and soles to fluid-filled vesiculobullous lesions that may progress to 
peeling and crusting with associated skin wrinkling. Condylomata lata, white, flat, 
moist, raised plaques on the lips, tongue, palate, perineum, or intertriginous areas, 
also may occur. Thrombocytopenia may be the only manifestation. Neurological 
signs related to central nervous system disease are rare in the neonatal period, even 
though 41% of neonates who have clinical, laboratory, or radiographic findings 
will have spirochetes detected in cerebrospinal fluid (CSF) by rabbit infectivity 
testing (inoculation of CSF into rabbit testes with resultant syphilitic infection of 
the rabbit) [12, 13].

The classic Hutchinson triad consisting of interstitial keratitis, eighth cranial 
nerve deafness, and Hutchinson teeth (small, widely spaced, barrel-shaped, and 
notched central incisors) is seen in infants with late congenital syphilis, as are fron-
tal bossing and hearing loss [11].

 Diagnosis

The diagnosis of congenital syphilis is often difficult to establish since many 
infected neonates will have a normal physical examination and their reactive sero-
logic tests for syphilis may only reflect transplacental passage of maternal IgG anti-
bodies. Therefore, it is important to obtain and document the maternal history of 
syphilis (including stage of infection) and treatment of the mother and her sexual 
partner as well as her serologic test results in order to guide neonatal management. 
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All individuals with syphilis and their sexual partner(s) should be tested for coinfec-
tion with the human immunodeficiency virus (HIV), although infants born to moth-
ers coinfected with syphilis and HIV do not require different evaluation, therapy, or 
follow-up.

Serologic tests for syphilis are classified into nontreponemal and treponemal 
tests. Nontreponemal tests include the rapid plasma reagin (RPR) test and the 
venereal disease research laboratory (VDRL) test. Treponemal tests include the T. 
pallidum particle agglutination (TP-PA) test, fluorescent treponemal antibody-
absorption (FTA-ABS) test, treponemal enzyme immunoassays (EIA), and chemi-
luminescence immunoassays (CIA). Treponemal assays become reactive before 
nontreponemal tests in individuals with syphilis, and they are used to confirm its 
diagnosis.

Table 1 Clinical, laboratory, and radiographic findings in early congenital syphilis (<2 years of 
age)

Physical examination Stillborn
Preterm
Nonimmune hydrops fetalis
Intrauterine growth restriction/small for gestational age
Hepatomegalya

Splenomegalya

Jaundice
Skin rasha

Adenopathy
Rhinitis (snuffles)
Mucus patch
Condylomata lata
Pseudoparalysis of Parrot
Eye: chorioretinitis, cataract, glaucoma, uveitis
Central nervous system: cranial nerve palsies, seizure

Laboratory findings Anemia
Thrombocytopeniaa

Hypoglycemia
Liver transaminitis and direct hyperbilirubinemia
Cerebrospinal fluid pleocytosisb and elevated protein contentc

Radiographic findings Periostitisa

Osteochondritisa

Pneumonia alba
Other Nephrotic syndrome

Pancreatitis
Myocarditis
Fever
Gastrointestinal malabsorption
Hypopituitarism (diabetes insipidus)

Adapted from Syphilis. Velaphi S and Sánchez PJ. in Infectious Disease: Congenital and Perinatal 
Infections: A Concise Guide to Diagnosis. Edited by: C. Hutto © Humana Press Inc., Totowa, NJ, 
2005
aProminent features shown in bold type
bWhite blood cell count (WBC): normal <18–25 WBC/mm3

cProtein: normal <150 mg/dL in full term neonates, <170 mg/dL in preterm infants
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Clinical laboratories often use the treponemal EIA or CIA for syphilis screening 
(“reverse sequence” screening; Fig. 1) [14–18]. If the EIA or CIA is positive, then a 
quantitative nontreponemal test (e.g., RPR) is performed which, if also reactive, 
confirms the diagnosis of syphilis. However, if the RPR test is nonreactive, then a 
second treponemal test (e.g., TP-PA) is performed, preferably on the same serum 
specimen. If the second treponemal test is reactive, current or past syphilis infection 
is confirmed. For women with a history of adequately treated syphilis, no further 
evaluation or treatment is necessary. A nonreactive TP-PA test is suggestive of a 
false-positive EIA/CIA screen, and no further evaluation or treatment of the infant 
is recommended.

EIA or CIA

EIA/CIA
+

RPR
−

TP-PA

RPR
+

Syphilis
(past or present)§

TP-PA
+

Syphilis
(past or present)§

TP-PA
−

Syphilis unlikely¶

Quantitative RPR
or other

nontreponemal test

EIA/CIA
−†

Fig. 1 Recommended 
algorithm for reverse 
sequence syphilis 
screening where enzyme or 
chemiluminescence 
immunoassay is used as 
initial test for testing 
pregnant women for 
syphilis. Adapted from 
[15]. CDC Center for 
Disease Control and 
Prevention, EIA/CIA 
enzyme immunoassay/
chemiluminescence 
immunoassay, RPR rapid 
plasma reagin, TP-PA 
Treponema pallidum 
particle agglutination. †If 
incubating or primary 
syphilis is suspected, treat 
with benzathine penicillin 
G 2.4 million units 
intramuscularly in a single 
dose. §Evaluate clinically, 
determine whether treated 
for syphilis in the past, 
assess risk for infection, 
and administer therapy 
according to CDC’s 2015 
STD Treatment Guidelines 
[18]. ¶If at risk for syphilis, 
repeat RPR in several 
weeks
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In addition to a thorough physical examination, all infants born to mothers with 
reactive serologic tests for syphilis should be tested with a serum RPR or VDRL 
test, preferably the same test that was performed on the mother so that quantitative 
titers can be compared. Infant serum from a vein, artery, or heel stick is preferred to 
umbilical cord blood as both false-positive and false-negative results may occur 
from either contamination with maternal blood or interference due to Wharton’s 
jelly, respectively. If the mother has a reactive treponemal test, then a treponemal 
test is not indicated for the infant since it also will be reactive due to IgG transpla-
cental transfer. In addition, there is no commercially available serum or CSF total or 
specific IgM test that is recommended due to both false-positive and false-negative 
results.

The diagnosis of congenital syphilis is established by the observation of spiro-
chetes in body fluids or tissue such as cutaneous lesions, nasal discharge, amniotic 
fluid, placenta, umbilical cord, or autopsy specimens by dark-field microscopy, 
polymerase chain reaction (PCR) test, or fluorescent antibody or silver staining. In 
most neonates, however, the diagnosis can only be inferred by serologic testing due 
to persistence of transplacentally acquired maternal nontreponemal and trepone-
mal IgG antibodies up to 18 months of age. Congenital infection can also be con-
firmed if the infant’s serum nontreponemal serologic titer is at least fourfold higher 
than the mother’s titer (e.g., 1:8 versus 1:32 or greater, 2 or more dilutions). 
However, fourfold increases are unusual, and the absence of such a finding does 
not exclude a diagnosis of congenital syphilis. Guidance on the management of 
infants born to mothers with reactive serologic tests for syphilis is provided in 
Fig. 2 and Table 2 [18].

Congenital neurosyphilis is difficult to diagnose as most neonates who have T. 
pallidum detected in CSF do not manifest any neurological abnormalities. Central 
nervous system infection is inferred from CSF abnormalities such as a reactive 
VDRL test, pleocytosis (>18–25 white blood cells per microliter), and elevated pro-
tein content (>150 mg/dL; >170 mg/dL if infant is premature). However, a reactive 
CSF VDRL test in neonates may be caused by passive transfer of nontreponemal 
IgG antibodies from serum into CSF. The sensitivity and specificity of a reactive 
CSF VDRL test, pleocytosis, and elevated protein content are only 53% and 90%, 
38% and 88%, and 56% and 78%, respectively. Therefore, if clinical, laboratory, or 
radiographic evaluation supports a diagnosis of congenital syphilis, then therapy 
effective against central nervous system disease is warranted irrespective of the 
results of CSF analyses.

 Treatment

Initial treatment. The treatment of syphilis and congenital syphilis is penicillin G 
[18, 19]. Pregnant women should receive the treatment regimen that corresponds 
with the stage of infection (Table 3), and those who have a penicillin allergy should 
undergo desensitization [18, 20]. Infants who require a 10-day treatment course 
include those who have (1) an abnormal physical examination consistent with 
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+  Test for HIV-antibody.  Infants of HIV-infected mothers do not require different evaluation or treatment.
*  If the infant’s RPR/VDRL is nonreactive AND the mother has had no treatment, undocumented treatment, treatment during
   pregnancy, or evidence of reinfection or relapse (≥ 4-fold increase in titers), THEN treat infant with a single IM injection of
   benzathine penicillin (50,000 U/kg). No additional evaluation is needed.
§  Women who maintain a VDRL titer ≤1:2 (RPR ≤1:4) beyond 1 year following successful treatment are considered serofast.
#  Evaluation consists of CBC, platelet count; CSF examination for cell count, protein, and quantitative VDRL. Other tests as
    clinically indicated: long-bone x-rays, neuroimaging, auditory brainstem response, eye exam, chest x-ray,
    liver function tests.
‡  CBC, platelet count; CSF examination for cell count, protein, and quantitative VDRL; long-bone x-rays

Nonreactive
maternal 

TP-PA

Reactive maternal TP-PA/FTA-ABS/EIA/CIA+

Infant RPR/VDRL <4 times maternal
RPR/VDRL Infant RPR/VDRL ³4 times

maternal RPR/VDRL

Infant physical exam normal* Infant physical exam abnormal

Maternal 
treatment before 

pregnancy§

Maternal penicillin
treatment during

pregnancy and >4
weeks before

delivery

Maternal treatment: None,
or undocumented, or ≤4
weeks before delivery, or

non-penicillin drug,or
maternal evidence of

reinfection or relapse (≥4-
fold increase in titers)

Evaluate;#

Treatment (1)

No evaluation
or treatment

No evaluation;
Treatment (2)

Evaluate‡

Normal
evaluation

Abnormal, not done, or
incomplete evaluation

Treatment (2) Treatment (1)

False-positive reaction:
no further evaluation

Maternal Screening: Reactive RPR/VDRLMaternal Screening: Reactive TP Assay (EIA/CIA)

Nonreactive
maternal RPR/VDRL

Nonreactive maternal 
TP-PA/FTA-ABS/EIA/CIA

False-positive reaction:
no further evaluation

Reactive maternal RPR/VDR+

Reactive maternal TP-PA+

Infant RPR/VDRL

Fig. 2 Algorithm for evaluation and treatment of infants born to mothers with reactive serologic 
tests for syphilis. +Test for HIV antibody. Infants of HIV-infected mothers do not require different 
evaluation or treatment. *If the infant’s RPR/VDRL is nonreactive AND the mother has had no 
treatment, undocumented treatment, treatment during pregnancy, or evidence of reinfection or 
relapse (≥4-fold increase in titers), THEN treat infant with a single IM injection of benzathine 
penicillin (50,000 U/kg). No additional evaluation is needed. §Women who maintain a VDRL titer 
≤1:2 (RPR ≤1:4) beyond 1 year following successful treatment are considered serofast. #Evaluation 
consists of CBC, platelet count; CSF examination for cell count, protein, and quantitative 
VDRL. Other tests as clinically indicated: long bone X-rays, neuroimaging, auditory brainstem 
response, eye exam, chest X-ray, liver function tests. ‡CBC, platelet count; CSF examination for 
cell count, protein, and quantitative VDRL; long bone X-rays. Treatment: (1) Aqueous penicil-
lin G 50,000 U/kg IV q 12 h (≤1 week of age), q 8 h (>1 week), or procaine penicillin G 50,000 U/
kg IM single daily dose, × 10 days. (2) Benzathine penicillin G 50,000 U/kg IM × 1 dose
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Table 2 Management of neonates (≤4 weeks of age) born to mothers with reactive serologic tests 
for syphilis

Clinical status Evaluation Treatment
Scenario 1 
Proven or 
highly 
probable 
disease

1. Abnormal physical 
examination
2. Serum quantitative 
nontreponemal serologic titer 
that is fourfold or higher 
than the mother’s titer
3. Positive dark-field/
fluorescent antibody test or 
positive PCR test of lesion or 
body fluid(s)

CSF analysis for 
VDRL, cell count, 
and protein
CBC and platelet 
count
Other tests as 
clinically indicated 
(e.g., long bone 
radiographs, chest 
radiograph, liver 
function tests, 
neuroimaging, 
ophthalmologic 
examination, 
hearing evaluation)

Aqueous crystalline 
penicillin G 50,000 U/kg/
dose IV every 12 h during 
the first 7 days of age and 
every 8 h thereafter for 
10 daysa

OR
Penicillin G procaine, 
50,000 U/kg per day IM in 
a single dose for 10 daysa

Scenario 2 
Possible 
congenital 
syphilis

Normal physical examination 
and serum quantitative 
nontreponemal serologic titer 
<4-fold the maternal titer 
and mother:
(a) Not treated, inadequately 
treated, or undocumented 
treatment
(b) Treated with 
azithromycin or other 
nonpenicillin regimen
(c) Treated <4 weeks before 
delivery

CSF analysis for 
VDRL, cell count, 
and protein
CBC and platelet 
count
Long bone 
radiographs

Aqueous crystalline 
penicillin G 50,000 U/kg/
dose IV every 12 h during 
the first 7 days of age and 
every 8 h thereafter for 
10 daysa

OR
Penicillin G procaine, 
50,000 U/kg per day IM in 
a single dose for 10 daysa

OR
Penicillin G benzathine, 
50,000 U/kg, IM, in a 
single doseb

Scenario 3 
Congenital 
syphilis less 
likely

Normal physical examination 
and serum quantitative 
nontreponemal serologic titer 
<4-fold the maternal titer 
and mother:
(a) Treated during pregnancy, 
appropriate for stage of 
infection, and >4 weeks 
before delivery
(b) No evidence of 
reinfection or relapse

None Penicillin G benzathine 
50,000 U/kg IM in a single 
dose

(continued)
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congenital syphilis, (2) a nontreponemal titer that is fourfold or higher than the 
mother’s titer, or (3) a positive dark-field test of body fluid(s).

Infants who have a normal physical examination, a serum quantitative nontrepo-
nemal serologic titer that is the same or less than fourfold the maternal titer, normal 
CBC and platelet counts, normal CSF studies, and normal long bone radiographs 
may receive a single intramuscular injection of benzathine penicillin G (50,000 U/
kg) if the mother (a) was not treated, inadequately treated, or has no documentation 
of having received treatment or (b) was treated with a nonpenicillin G regimen or 

Table 2 (continued)

Clinical status Evaluation Treatment
Scenario 4 
Congenital 
syphilis 
unlikely

Normal physical examination 
and serum quantitative 
nontreponemal serologic titer 
<4-fold the maternal titer 
and:
(a) Mother treated 
adequately before pregnancy
(b) Nontreponemal serologic 
titer remained low and stable 
during pregnancy and at 
delivery

None None

PCR polymerase chain reaction, VDRL venereal disease research laboratory, CBC complete blood 
cell count, CSF cerebrospinal fluid, IV intravenous, IM intramuscular, CSF cerebrospinal fluid, 
CBC complete blood cell
aIf more than 1 day of therapy is missed, the entire course should be restarted
bA complete evaluation (CBC and platelet, CSF analysis, long bone radiographs) must be normal. 
If any part of the infant’s evaluation is abnormal or not performed, the 10-day course of penicillin 
is required

Table 3 Recommended treatment of pregnant women for syphilis

Stage of infection Treatmenta

Primary Benzathine penicillin G 2.4 million units IM in a single dose
Secondary syphilis Benzathine penicillin G 2.4 million units IM in a single dose
Early latent syphilisb Benzathine penicillin G 2.4 million units IM in a single dose
Late latent syphilisc Benzathine penicillin G 2.4 million units IM at 1-week intervals  

(3 doses)
Latent syphilis of 
unknown duration

Benzathine penicillin G 2.4 million units IM at 1-week intervals  
(3 doses)

Tertiary syphilis Benzathine penicillin G 2.4 million units IM at 1-week intervals  
(3 doses)

Neurosyphilis or 
Ocular syphilis

Aqueous crystalline penicillin G 18–24 million units per day, 
administered as 3–4 million units IV every 4 h or continuous infusion, 
for 10–14 days

IM intramuscular
aPregnant women who are allergic to penicillin should be desensitized and treated with penicillin
bLatent syphilis less than a year’s duration
cLatent syphilis of over a year’s duration
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(c) received recommended treatment initiated at <4 weeks before delivery [21, 22]. 
If the evaluation in these infants is abnormal or incomplete, then a 10-day course of 
penicillin is mandatory.

Normal neonates born to mothers who received appropriate treatment (Table 3) 
greater than 4 weeks before delivery should receive a single intramuscular injection 
of benzathine penicillin G (50,000 U/kg), although further evaluation is not required 
or recommended [7, 18, 23]. Similarly, normal infants who have a nonreactive 
serum nontreponemal test result but are born to mothers with untreated or inade-
quately treated syphilis can receive a single dose of intramuscular benzathine peni-
cillin G (50,000 U/kg) without evaluation—an increasingly common scenario with 
the use of reverse sequence syphilis screening during pregnancy. Newborns who 
have normal physical exams and nonreactive nontreponemal testing are unlikely to 
have abnormal laboratory or radiographic testing [24, 25].

If more than 1 day of therapy is missed, the entire course of therapy should be 
restarted. Ampicillin for possible sepsis should not be included in the total duration 
of penicillin therapy for congenital syphilis. Infants who have a penicillin allergy or 
develop a possible allergic reaction during therapy should have penicillin desensiti-
zation performed. Rarely, within the first 24 hours of therapy, infants may experi-
ence an acute inflammatory “Jarisch-Herxheimer” reaction consisting of fever, 
hypotension, worsening of lesions, tachycardia, tachypnea, or cardiovascular col-
lapse due to rapid killing of spirochetes. Only supportive care is indicated.

If aqueous or procaine penicillin G is not available, ceftriaxone for 10 days 
can be considered with careful clinical and serologic follow-up, including CSF 
evaluation (https://www.cdc.gov/std/tg2015/congenital.htm) [18]. In neonates, 
ceftriaxone should not be administered with calcium-containing products since 
lethal precipitates can form in the lungs and kidneys. It also should be used with 
caution in infants with jaundice as it could displace bilirubin from albumin-bind-
ing sites.

Infants with congenital syphilis should be cared for with standard precautions. If 
an infant has cutaneous or mucous membrane lesions, then contact precautions with 
gloves should be instituted until 24 h of treatment has been completed.

Follow-up. The vast majority of infants with congenital syphilis who are treated 
in early infancy do well without any long-term complications due to syphilis. Infants 
born to mothers with syphilis and have reactive serologic test results should have 
serial quantitative nontreponemal tests performed every 2–3 months until the test 
becomes nonreactive (preferably) or the titer has decreased fourfold. In infants with 
congenital syphilis, nontreponemal serologic tests should decline fourfold and 
become nonreactive within 6–12  months after adequate treatment. Uninfected 
infants usually become seronegative by 6 months of age. If serologic nontreponemal 
titers increase fourfold at any time or remain stable after 12–18 months, the child 
should be evaluated and (re)-treated with a 10-day course of parenteral penicillin 
G. A reactive treponemal test beyond 18–24 months of age when the child has lost 
all maternal IgG antibodies confirms the diagnosis of congenital syphilis. If the 
child was not previously treated, then treatment is indicated as for late congenital 
syphilis.

Congenital Syphilis
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Neonates who have abnormal CSF findings should have a repeat lumbar punc-
ture performed 6 months after therapy. A reactive CSF VDRL test, abnormal protein 
content, or abnormal cell count is an indication for re-treatment.

 Prevention

All pregnant women should have a serologic test for syphilis performed at the first 
prenatal care visit in the first trimester and, in communities in which the prevalence 
of syphilis is high, repeated at 28–32 weeks and again at delivery [18]. The treat-
ment status of all sexual partners should be determined for possibility of maternal 
reinfection. Serologic screening should be performed on mothers rather than new-
borns as neonates may have a nonreactive serologic test result if the maternal titer is 
reactive at a low dilution. Mothers and infants should not be discharged home with-
out documentation of the mother’s serologic status at least once during the preg-
nancy and preferably also at delivery if in a high prevalence area. All cases of 
syphilis should be reported to the local public health department to assist in the 
identification of core environments and populations.
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Tick-Borne Infections

Alaina K. Pyle

 Babesiosis

 Epidemiology

Babesiosis is caused by Babesia microti, an intraerythrocytic protozoan parasite 
that is transmitted to the incidental human host primarily through an Ixodes tick bite 
[1]. Babesia shares a vector with Borrelia burgdorferi, and the endemic range is 
similar—primarily the Northeast and upper Midwest [2]. There are sporadic cases 
from the Western United States, usually due to B. duncani. Less commonly, infec-
tion can occur via blood transfusion. The Red Cross reported in 2016 that B. microti 
was present in 0.4% of tested blood samples from Massachusetts and Connecticut 
[3]. B. microti is the most common transfusion-transmitted pathogen reported to the 
Food and Drug Administration [4]. As of January 2018, there is no licensed test for 
Babesia screening of donor blood, although a flourescent immunoassay-based 
approach is likely to be approved soon.

 Pathogenesis

The life cycle of B. microti includes rodents and ticks; humans are an incidental host 
[1]. Babesia sporozoites are injected into the human during a tick blood meal, where 
they infect red blood cells and mature into trophozoites. Trophozoites then mature 
into merozoites of various morphologies, lyse the red blood cell, and spread to 
infect new red blood cells. Humans are a terminal host but can be transmitted to 
other humans via blood transfusion or via the placenta. B. microti is most commonly 
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transmitted to infants via blood transfusion, but transplacental transmission of 
Babesia has also been well described [5].

 Clinical Findings

Infants with babesiosis present with findings similar to congenital malaria. The 
incubation period ranges from 1 to 4 weeks after delivery for congenital cases and 
1 to 9 weeks after transfusion for transfusion-related cases [6–8]. Fever, poor feed-
ing, and hepatosplenomegaly are common. The most striking findings are anemia 
and jaundice due to severe hemolysis. Signs of hemolytic anemia on the peripheral 
smear, low haptoglobin, and elevated reticulocyte count are common. Elevated liver 
enzymes and thrombocytopenia are often seen.

 Diagnosis

A high index of suspicion is necessary for babesiosis. Definitive diagnosis can be 
made with microscopic examination of a thin peripheral blood smear using 
Giemsa or Wright stain, which will highlight B. microti trophozoites as pleomor-
phic ring forms [9]. The rings have vacuoles and lack pigment, helping to distin-
guish them from Plasmodium ring forms. The “Maltese cross” tetrad ring form is 
not commonly seen but is highly specific for Babesia if present. If parasites are 
not visualized on thin smears, PCR testing is highly sensitive even with low-level 
parasitemia [10].

 Treatment

Pregnant women with babesiosis should be treated as usual. The combination of 
atovaquone and azithromycin (for mild to moderate disease) or the combination of 
clindamycin and quinine (for severe disease) are recommended [11]. Infants with 
babesiosis are generally considered to have severe disease, and the literature sup-
ports treatment with clindamycin and quinine for 7–10  days (Table  1) [6–8]. 
However, atovaquone/azithromycin combination therapy has been used for mild 
disease in infants [12]. Exchange transfusion is recommended for patients with 
≥10% parasitemia, severe anemia (hemoglobin <10 g/dL), or pulmonary, liver, or 
renal impairment [13].

 Prevention

Avoidance of areas where ticks are prevalent and the use of protective clothing and 
DEET are mainstays of prevention [14]. Tick checks should be performed regularly 
when after any potential exposures, with prompt removal of the tick using tweezers 

A. K. Pyle



175

to grasp the mouth part. Screening of donor blood products has not been instituted 
nationally, but some states in endemic regions are using combined serology and 
PCR testing to prevent transfusion-associated infection [4].

 Lyme Disease

 Epidemiology

Lyme disease is caused by Borrelia burgdorferi, a spirochete that is transmitted to 
humans via the bite of an infected Ixodes tick [15]. It is endemic in much of the 
Northeast and upper Midwest United States, but travel-associated cases are reported 
throughout the United States annually. The incidence of Lyme disease has risen 
steadily over the past two decades; approximately 40,000 cases were reported in 
2016 [16]. Primary risk factors for exposure include living in or traveling to a Lyme- 
endemic region, particularly during spring and summer, and engaging in activities 
that increase tick exposure (e.g., hiking, camping). Of note, increased Lyme disease 
activity has been noticed in states that border high-incidence states, suggesting that 
the range of Ixodes may be expanding [17].

Table 1 Treatment of tick-borne infections in infants

Indication Drug Dose
Anaplasmosis Doxycycline

OR
Rifampina

4 mg/kg/day PO/IV divided q12 h
20 mg/kg/day PO divided 12 h

Babesia (mild) Atovaquone
AND
Azithromycin

40 mg/kg/day IV divided q12 h
12 mg/kg/day PO/IV divided q24 h

Babesia (moderate, severe)b,c Quinine
AND
Clindamycin

25 mg/kg/day PO divided q8 h
30 mg/kg/day PO/IV divided q8 h

Ehrlichiosis (human 
granulocytic ehrlichiosis)

Doxycycline
OR
Rifampinc

4 mg/kg/day PO/IV divided q12 h
20 mg/kg/day PO divided 12 h

Lyme disease, erythema 
migrans

Amoxicillin
OR
Cefuroxime

50 mg/kg/day PO divided q8 h ×14 days
50 mg/kg/day IV divided q24 h ×14 days

Lyme disease, central nervous 
system involvement

Ceftriaxone
OR
Penicillin G

50–75 mg/kg/day IV divided q24 h 
×21–28 days
300,000 U/kg/day IV divided q4 h 
×21–28 days

Rocky mountain spotted fever Doxycycline 4 mg/kg/day PO/IV divided q12 h
aRifampin can be considered if ehrlichiosis is confirmed and disease is mild; otherwise, doxycy-
cline should be used
bSome experts consider all infant disease to be severe regardless of clinical findings
cConsider exchange transfusion if ≥10% parasitemia, hemoglobin <10 g/dL, or respiratory, liver, 
or renal failure
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 Pathogenesis

There are case reports of congenital transmission of Borrelia across the placenta 
[18–21]. To date, these reports have been limited to visualization of spirochetes dur-
ing autopsy of infants who expired due to seemingly unrelated causes (congenital 
heart disease, central nervous system trauma, and stillbirth, respectively). There is 
no evidence of a link between Lyme disease during pregnancy and adverse preg-
nancy outcomes or congenital malformations [22]. In addition, although Borrelia 
can be detected in breast milk, transmission via breast milk has not been docu-
mented [21].

 Clinical Findings

Symptoms occur in an average of 10 days after a tick bite (range, 1–31). The classic 
findings of Lyme disease include rash and, less commonly, nonspecific symptoms 
such as fatigue, arthralgias, myalgias, and fever. Specific complications of progres-
sive Lyme disease include CNS, cardiac, and joint involvement [15]. However, 
infants with Lyme disease are more likely to have erythema migrans (>85–90%) 
and less likely to have disseminated disease.

Erythema migrans. Erythema migrans, an erythematous, circular, or oval plaque, 
is the classic lesion of early Lyme disease. Notwithstanding the classic description 
of a “bull’s-eye” appearance, most of these lesions are uniformly erythematous 
without central clearing. Hematogenous dissemination from the original bite site 
can result in multiple erythema migrans lesions.

Nervous system involvement. Disseminated disease can manifest as central ner-
vous system disease. Common findings include facial palsy and aseptic meningitis. 
Neuroborreliosis should be considered in any patient living in or traveling to an 
endemic region who presents with facial nerve palsy.

Carditis. Lyme carditis is a rare manifestation of Lyme disease. Patients typically 
present with AV conduction or bundle branch block.

Arthritis. Lyme arthritis is a late manifestation of disseminated disease and can 
present weeks to months after the initial infection with joint swelling, arthralgias, or 
mild inflammation. The knee is the presenting joint in 90% of cases, and the arthritis 
is monoarticular in 2/3 of cases.

 Diagnosis

Diagnostic testing can be challenging to interpret with Lyme disease due to poor 
sensitivity (especially in the acute phase), and prolonged antibody positivity 
after the infection has cleared. Diagnosis in young infants is further complicated 
by transplacental passage of anti-spirochetal antibody from mothers, particularly 
those living in endemic areas. The current recommendation (Fig. 1) is to base 
diagnosis on the presence of consistent history and physical including exposure 
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to endemic area [23]. However, for an infant with a known tick exposure and 
consistent clinical findings (e.g., erythema migrans), serologic confirmation is 
not necessary. In contrast, ordering antibody testing in the presence of vague 
constitutional symptoms or inconsistent rash is discouraged. If the symptoms 
and exposure are consistent with possible Lyme disease, a two-tier approach is 
recommended with initial quantitative testing for antibodies to Borrelia burgdor-
feri via enzyme immunoassay (EIA), followed by confirmatory Western blot if 
EIA results are equivocal or positive. However, false-negative results are possi-
ble in the first 2 weeks of infection, and negative EIA testing should not preclude 
treatment for patients with classic erythema migrans and probable Ixodes expo-
sure. In cases of suspected neurologic involvement, cerebrospinal fluid should 
also be obtained. A lymphocytic pleocytosis is typically present in cerebrospinal 
fluid, and fluid can also be tested for the presence of IgM and IgG against B. 
burgdorferi.

 Treatment

Pregnant women and infants with Lyme disease should receive appropriate treat-
ment [14]. Since tetracyclines are pregnancy class D and contraindicated for chil-
dren age <8 years, amoxicillin or cefuroxime should be used for erythema migrans, 
facial nerve palsy, carditis, or arthritis. Central nervous system disease requires par-
enteral therapy with ceftriaxone.

First test Second test

IgG Western Blot
(+IgM if ≤30 days of symptoms)

Consider alternate diagnosis
OR

If patient with consistent history and
physical AND ≤30 days of symptoms,
consider empiric therapy and obtain

a convalescent serum sample
for confirmation

Enzyme
immunoassay

Positive or equivocal

Negative

Fig. 1 Stepwise Lyme disease testing algorithm for adults and infants. A two-step process is rec-
ommended, beginning with an enzyme immunoassay. If positive or equivocal, the diagnosis should 
be confirmed with Western blot due to high false-positive rates with the EIA. If the EIA is negative, 
then in general an alternate diagnosis should be considered. However, EIAs can be falsely negative 
in the acute phase. Therefore, if the patient has consistent history and physical findings AND has 
had symptoms for less than a month, which includes all neonates with suspected Lyme disease by 
definition, empiric therapy can be considered
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 Prevention

Reducing exposure to tick vectors is paramount to prevention of Lyme disease. The 
use of protective clothing, diethyltoluamide (DEET), and daily tick checks with 
prompt removal are key methods of reducing risk for infection. Removing ticks 
promptly is important, because there is a 36- to 72-h delay between the start of feed 
and transmission of the spirochetes [24]. The evidence for either oral or topical 
antibiotic prophylaxis after a tick bite is unimpressive, with most of the efficacy 
limited to doxycycline [25, 26]. Therefore, routine use of antibiotic prophylaxis 
after a tick bite is not recommended for pregnant women.

 Anaplasmosis, Ehrlichiosis, and Rocky Mountain Spotted Fever

Human granulocytic anaplasmosis (HGA) is caused by Anaplasma phagocytophi-
lum, which is carried by the same tick vector as that for B. microti and B. burgdor-
feri—the Ixodes species [27]. Up to 10% of those with anaplasmosis have evidence 
of coinfection with Lyme disease or babesiosis [28]. Patients typically present with 
fever and malaise. Peripheral blood smear and PCR are the most sensitive diagnos-
tic tests in the first 2 weeks of illness; serologic testing is recommended during the 
late portion of the disease.

Human monocytic ehrlichiosis is caused by Ehrlichia chaffeensis which is car-
ried by the Lone Star tick (Amblyomma americanum) and the American dog tick 
(Dermacentor variabilis), which are present in the Southeastern, Midwest, and 
Northeast United States [27]. Incubation is typically 1–3 weeks after the tick bite. 
Presentation includes flu-like symptoms, occasional rash, thrombocytopenia, and 
elevated liver enzymes. Preferred diagnostic method is indirect fluorescent anti-
body, although PCR testing is also widely available.

Treatment for both ehrlichiosis and anaplasmosis is doxycycline. Perinatal trans-
mission is rare but has been documented, so pregnant women with confirmed ana-
plasmosis or ehrlichiosis should be treated with rifampin, with the addition of 
cefuroxime or amoxicillin if coinfection with Lyme disease is present. Rifampin 
monotherapy can be considered for mild, confirmed ehrlichiosis in infants. However, 
if disease is severe or if Rocky Mountain spotted fever has not been excluded, doxy-
cycline should be used.

Rocky Mountain spotted fever is caused by Rickettsia rickettsii and is also 
transmitted by D. variabilis [29]. It is the most common fatal tick-borne illness in 
the United States but is exceedingly rare in the neonatal population. There is no 
evidence of placental transmission, but pregnant women should be treated with 
chloramphenicol (not doxycycline as recommended for all other populations) to 
prevent maternal disease [30]. Infants with suspected or confirmed Rocky 
Mountain spotted fever should be treated with doxycycline due to the lack of 
effective alternatives.
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Toxoplasmosis

A. Rebecca Ballard

 Epidemiology

Toxoplasmosis is a parasitic infestation derived from the protozoan Toxoplasma gon-
dii. This intracellular parasite infects humans as well as virtually all warm- blooded 
animals worldwide [1, 2]. Overall, 25–30% of the world’s human population is 
infected by T. gondii, but prevalence between and within countries in the developing 
and developed world varies from 10 to 80% [3]. In the United States, seroprevalence 
of toxoplasmosis among women of childbearing age is less than 10% [4].

The exact incidence of congenital toxoplasmosis is unknown. Since toxoplasmo-
sis is not a reportable disease—and the vast majority of infants with congenital 
infection are asymptomatic at birth—estimates vary widely. The best available evi-
dence suggests that at minimum, the incidence in the United States is approximately 
1 per 10,000 live births [5]. However, a comprehensive review and data modeling 
effort by Torgerson et  al. [6]. estimated a worldwide incidence closer to 20 per 
10,000 live births.

 Pathogenesis

Maternal infection. The natural life cycle of T. gondii is shown in Fig. 1. Domestic 
cats and their close relatives (e.g., bobcats, lynx, cougars) are the definitive host for 
T. gondii. Approximately 30–50% of house cats in the United States are seropositive 
for T. gondii [7]. Cats shed oocysts in their stool, and rodents and birds acquire 
infection after ingesting soiled water, plants, or seeds. After ingestion, the cysts 
become tachyzoites which spread to brain and muscle tissue to become bradyzoites. 
When infected animals or birds are subsequently eaten by cats, the bradyzoites 
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activate and undergo sexual reproduction in the feline gut, leading to the production 
of oocysts [1, 2].

Non-feline mammals are accidental hosts. Animals such as pigs, cows, and sheep 
may ingest oocysts and develop infection; humans who ingest raw or undercooked 
meat from an infected animal can develop primary toxoplasmosis. Alternatively, 
humans can ingest oocysts directly either by contact with cat stool or indirectly 
through soil, untreated water, or unwashed fruits and vegetables. One or more risk 
factors (exposure to cats, ingestion of raw meat, or unwashed fruits and vegetables) 
can be identified in the majority of women whose infants have congenital toxoplas-
mosis. However, in approximately 25% of cases, no clear exposure history can be 
elicited [8].

Congenital infection. Congenital toxoplasmosis can occur in several ways. The 
most common situation is fetal infection following primary maternal infection dur-
ing pregnancy. Infected women have a brief period of parasitemia with tachyzoites; 
it is during this period, presumably, that T. gondii crosses the placenta and infects 
the fetus [9]. Less commonly, fetal infection can follow reactivation of bradyzoites 
in a chronically infected pregnant woman, either due to underlying immunodefi-
ciency (e.g., HIV) or rarely in immunocompetent women [10–12].

As with other congenital pathogens (see chapter “Pathogenesis of Congenital 
Infections”), vertical transmission of T. gondii is dependent on the timing of initial 

1 2

Fig. 1 The primary life cycle of Toxoplasma gondii is shown inside the gray box. Domestic cats 
and their close relatives are the definitive host. Cats shed oocysts in their stool, where they con-
taminate water, soil, and plant matter such as seeds. When rodents or birds ingest oocysts, the cysts 
transform into tachyzoites which establish infection in the animal’s brain and muscle as bradyzo-
ites. Cats ingest the infected animals and birds and become infected. Other animals, including 
livestock, can be incidental secondary hosts if they ingest contaminated plants or water. Humans 
may become infected if they (1) ingest bradyzoites in raw or undercooked meat from an infected 
animal or (2) ingest oocysts directly via contact with feline stool contaminating litter boxes, soil, 
unwashed fruits or vegetables, or water
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infection. The placental barrier becomes more permeable to disease as pregnancy 
progresses, with parasitic passage to the fetus in 10% of cases in the first trimester, 
30% in the second trimester, and 70% in third trimester. However, earlier infections 
are more damaging to the fetus [13, 14].

 Clinical Findings

Adult infection. The majority of patients with acquired toxoplasmosis are asymp-
tomatic. The small minority of patients who do come to clinical attention generally 
have non-specific “flu-like” symptoms such as low-grade fever, malaise, and gener-
alized lymphadenopathy [15]. Unsurprisingly, primary toxoplasmosis is rarely rec-
ognized in the pregnant woman. Immunocompromised women may experience 
severe symptoms with a primary infection, including fever, confusion, poor coordi-
nation, and seizures [16].

Congenital infection. Approximately 90% of infants with congenital toxoplas-
mosis, particularly those infected during the third trimester, are asymptomatic in the 
newborn period. For the 10% of infants who are symptomatic, nonspecific signs of 
infection include hepatosplenomegaly, jaundice, anemia and thrombocytopenia, 
and intrauterine growth restriction. More specific findings for toxoplasmosis include 
the classic triad of diffuse intracerebral calcifications, hydrocephalus, and chorio-
retinitis (Table 1) [17–20].

Intracerebral calcifications. Infection of the fetal brain by the T. gondii parasite 
can lead to diffuse necrosis and inflammation, which results in calcified “scars” 
distributed throughout the cortex. This is in contrast to the calcifications of cyto-
megalovirus, which tend to be clustered in the periventricular space (see chapter 
“Cytomegalovirus Infection”). However, it can be difficult to differentiate the two 
types of calcification when severe hydrocephalus is present. In addition, the inflam-
mation and necrosis of brain tissue can predispose to seizures.

Hydrocephalus. If T. gondii cysts develop within or adjacent to the ventricular 
system or if there is marked periventricular injury that results in necrotic tissue 
entering the ventricles, obstruction of cerebrospinal fluid drainage can lead to sig-
nificant hydrocephalus. Ventricular dilatation may occur in one or both lateral 

Table 1 Clinical findings in 
infants with symptomatic 
congenital toxoplasmosis 
(Adapted from [17–19])

Clinical finding Frequency (%)
Chorioretinitis 90
Intracerebral calcifications 80
Hydrocephalus 60
Jaundice 50
Anemia or thrombocytopenia 50
Hepatosplenomegaly 40
Seizures 30
Microphthalmia 15
Microcephaly 15
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ventricles and may include the third ventricle, depending on the location of the 
obstruction.

Chorioretinitis. Toxoplasma is particularly tropic for the eye, and severe chorio-
retinitis is a hallmark of congenital toxoplasmosis. The ocular inflammation can be 
severe enough to lead to microphthalmia in some infants. Infants with congenital 
toxoplasmosis, regardless of symptoms at birth, are at risk for recurrent retinal 
lesions later in childhood and into adulthood and require aggressive eye surveil-
lance to prevent vision loss. Less common findings include cataract, glaucoma, and 
retinal detachment [21].

Infants with signs suggestive of congenital toxoplasmosis should undergo com-
plete evaluation, including examination, fundoscopy, and head imaging with head 
ultrasound, MRI, or CT scan. Note that although congenital toxoplasmosis is clas-
sically associated with hydrocephalus, microcephaly can also be seen if there is 
significant brain destruction without obstruction of the ventricular system.

 Diagnosis

Toxoplasmosis is primarily diagnosed with serologic testing. Anti-T. gondii IgG 
appears within a few weeks of primary infection and persists indefinitely. Initially, 
the IgG has low avidity (i.e., weak antibody-antigen binding) to T. gondii, but this 
improves over time until the IgG is highly avid. Therefore, if IgG is present, avidity 
testing can be used to get a sense of how recent the primary infection was. IgM and 
IgA are more acute markers of infection [22]. IgM appears within the first week of 
infection; IgA appears several weeks later.

PCR testing can also be used to detect T. gondii in tissue samples. It is most com-
monly used on amniotic fluid but is also appropriate for cerebrospinal fluid, blood, 
urine, or placental samples [23].

Pregnant women: Screening is not routinely conducted in the United States, but 
in high risk regions, particularly European countries, pregnant women may have 
monthly screenings. Testing includes maternal serum samples for IgG and IgM. In 
the United States, screening is usually limited to mothers whose infants have ultra-
sonographic findings concerning for congenital toxoplasmosis or when women who 
have influenza-like symptoms are screened by their obstetrician. The only routine 
screening in the United States occurs among HIV-infected women, for whom IgG 
screening is recommended at the time of HIV diagnosis [24].

Antenatal diagnosis of congenital toxoplasmosis. Detailed fetal ultrasonography 
should be performed if primary toxoplasmosis infection is diagnosed during preg-
nancy. Ultrasonographic findings concerning for toxoplasmosis include hydroceph-
alus, intracranial calcifications, hepatosplenomegaly, and growth restriction. In 
addition, amniocentesis should be performed as soon as possible after infection is 
diagnosed, but not earlier than 18 weeks’ gestation. The sensitivity, specificity, and 
positive predictive value of amniotic fluid Toxoplasma PCR approach 100% [25].

Postnatal diagnosis of congenital toxoplasmosis. For infants with suspected con-
genital toxoplasmosis that was not evaluated antenatally, diagnosis can be made 
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using serology or direct antigen identification (Fig. 2). A reasonable screening step 
is to send maternal blood for T. gondii IgG; if the mother does not have IgG, the 
infant does not have congenital toxoplasmosis. If maternal Toxoplasma IgG  

Infant with clinical signs of congenital
toxoplasmosis

OR

Infant born to mother with primary
infection during pregnancy who was not

evaluated antenatally

• Physical examination
• Head imaging
• Fundoscopic examination

• IgG Dye test
• IgM
• IgA

• Placenta
• Blood
• Urine
• Cerebrospinal fluid

Maternal IgG positive?

Obtain Toxoplasma infant panel

NO

YES

Consider PCR testing of

Interpretation of Toxoplasma infant panel
and PCR results (if sent), clinical findings,
and consultation with pediatric infectious

disease specialist

Congenital toxoplasmosis confirmed or
highly probable?

Treatment

NO

YES

Consider
alternative
diagnosis

Fig. 2 Diagnostic algorithm for infants with suspected congenital toxoplasmosis. Determining 
whether the mother has anti-T. gondii IgG is an important step, as a negative IgG in the mother 
makes symptomatic congenital infection in the infant unlikely. Definitive serologic testing of the 
infant should be sent to the Palo Alto Medical Foundation Toxoplasma Serology Laboratory

Toxoplasmosis



186

(or infant IgG, which represents transplacental maternal antibody) is positive, then 
additional testing should include IgG Sabin-Feldman dye test, and IgA and IgM can 
be ordered from a reference lab [26]. The Palo Alto Medical Foundation Toxoplasma 
Serology Laboratory is widely used; specimen forms are available at http://www.
pamf.org/serology. The sensitivity and specificity of serologic testing is not perfect, 
so decisions regarding treatment should be made in consultation with a pediatric 
infectious diseases specialist.

PCR testing can also be used on clinical samples. The specificity of a positive 
PCR test is quite good, but sensitivity varies from 20 to 50% for placenta, blood, 
urine, and cerebrospinal fluid, respectively [20]. There is evidence that the addition 
of PCR to serologic testing will increase the proportion of confirmed infection 
among infants with suspected congenital toxoplasmosis, but the overall yield is rela-
tively low [27, 28].

 Treatment

Pregnant women. Pregnant women with confirmed primary toxoplasmosis infection 
should be treated. The choice of therapy depends on whether or not fetal infection 
is identified. If fetal sonography is normal and amniotic fluid is PCR-negative, then 
spiramycin is the drug of choice [29]. Spiramycin can be obtained from the Food 
and Drug Administration (phone, 301-796-1600). The Food and Drug Administration 
works with the Palo Alto Toxoplasma Serology Laboratory, so testing and treatment 
should be coordinated with them as well as the local infectious diseases specialist.

Before 18 weeks’ gestation, the mother should be treated with spiramycin. At 
18 weeks’ gestation, she can then be converted to pyrimethamine, sulfadiazine, and 
leucovorin—the same medications recommended for congenitally infected infants. 
Treatment should continue until term (37 weeks’ gestation) if congenital infection 
is confirmed; if congenital infection is excluded with amniocentesis, therapy should 
revert to spiramycin [30].

Infants. Infants with congenital toxoplasmosis should be treated with combina-
tion therapy that includes pyrimethamine, sulfadiazine, and leucovorin (Table 2). 
Treatment markedly improves neurodevelopmental outcomes. In a remarkable 
cohort study spanning more than two decades, McLeod et al. [18] treated 121 infants 
with congenital toxoplasmosis with the regimen shown in Table 2 and compared 
their outcomes to historical controls. Treatment was associated with significant and 
substantial reductions in intellectual disability, eye lesions, visual impairment, hear-
ing loss, and cerebral palsy. The benefits are most visible among the most severely 
affected infants. For infants with severe chorioretinitis or marked cerebrospinal 
fluid proteinosis (>1000 mg/dL), corticosteroid therapy should be included with the 
antiparasitic therapy.

Therapy generally lasts 1  year. However, if new ocular disease appears after 
treatment is discontinued, additional treatment should be given for 1–2  months. 
Given the length and complexity of treatment as well as the need for hematologic 
monitoring, therapy is best provided in coordination with a pediatric infectious dis-
eases specialist.
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 Prevention

At present, prevention of congenital toxoplasmosis is best accomplished by educa-
tion so that pregnant women can avoid primary infection. Only about 40% of women 
in the United States are aware of the risks associated with exposure to cat feces, and 
far fewer are aware of the other exposures associated with T. gondii including raw 
or undercooked meat, unwashed fruits or vegetables, or soil exposure such as gar-
dening [31]. Education on toxoplasmosis and prevention strategies intuitively 
should be effective, but the few randomized controlled trials have not shown a 
reduction in primary infection during pregnancy [32, 33].

Failing that, prompt diagnosis and treatment of pregnant women with primary 
infection has been shown to reduce the risk of congenital toxoplasmosis by approxi-
mately 50% [34]. However, the benefit is attenuated when maternal treatment is 
started later. In the United States, which does not prospectively screen pregnant 
women, it can become very difficult to identify primary toxoplasmosis quickly and 
initiate prompt therapy.

Universal antepartum screening is favored by many advocates, and the limited 
evidence available suggests that it could be cost-effective in the United States under 
the proper circumstances. However, there is currently no recommendation by either 
the American College of Obstetricians and Gynecologists or the US Preventive 
Health Task Force to screen pregnant women [35, 36].
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Tuberculosis in the Neonate

Gabriella S. Lamb and Jeffery R. Starke

 Epidemiology

TB is the most common infectious disease in the world with an annual incidence of 
over one million cases [1]. Globally, the incidence of TB is increasing in women of 
reproductive age, and as a consequence, TB is relatively common during pregnancy. 
As a result, the incidence of perinatally acquired disease is increasing [2–4, 8–10]. 
Among those tested, nearly 50% of foreign-born pregnant women in the United 
States have TB infection [6].

Vertical transmission—true congenital TB—is rare as the major symptom of 
genitourinary TB in a woman is infertility. Prior to 1984, there were fewer than 300 
cases reported, but more than 80 cases have been reported subsequently [8, 9, 11–
13]. This rarity is likely because the placenta can protect the infant from bacterial 
penetration, making postpartum transmission via infected respiratory droplets much 
more common [11].

 Pathogenesis

M. tuberculosis is transmitted via particles which may remain airborne for several 
hours after aerosolization from a cough or sneeze. After inhalation, M. tuberculosis 
reaches the alveoli. At that point, the clinical course depends on whether or not the 
immune system—including alveolar macrophages and T cell-mediated cellular 
immunity—is able to control the infection. The differences in transmission between 
congenitally and postnatally acquired diseases are shown in Fig. 1.
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TB infection. Patients who have immune control of their TB are defined as hav-
ing “TB infection” (also known as latent TB infection). These patients are neither 
contagious nor symptomatic, but TST or IGRA tests for TB will be positive. 
Approximately 5–10% of patients with TB infection will go on to develop TB 
 disease later in life.

TB disease. For patients whose immune system cannot control their initial infec-
tion, or for the fraction of patients with latent TB whose infection eventually escapes 
immune control, TB disease develops. TB disease includes primary or reactivated 
pulmonary disease or disseminated TB disease that may reach the liver, spleen, 
bones, and central nervous system.

 Clinical Findings

Infants with TB acquired postnatally (via airborne droplets) or vertically (due to 
transplacental passage of M. tuberculosis) have a similar clinical presentation and 
should have the same diagnostic evaluation, medical management, and isolation 
precautions (Table 1) [15, 16]. The median age of presentation for infants with verti-
cally transmitted disease is 24 days, with most cases presenting in the second or 
third week of life [15]. Infants with postnatally acquired TB tend to present at 1–4 

Congenital infection Postnatal infection

Pregnant woman with TB disease

Hematogenous dissemination

Transplacental passage

Infected amniotic fluid
aspirated/ingested

OR

Hematogenous spread via
umbilical vein [14]

Initially liver and peri-portal lymph
nodes, then dissemination [14]

Lymph nodes, liver, spleen, meninges,
bone infection

Hematogenous dissemination

Macrophages transport organisms to
regional lymph nodes

Organisms multiply in alveoli and are
consumed by alveolar macrophages

Infant inhales organisms

Airborne spread of infectious droplets

Individual with pulmonary TB disease
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Fig. 1 Pathophysiology of congenital or postnatal tuberculosis infection in infants
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months of age [15, 16]. Perinatally acquired TB can be difficult to distinguish clini-
cally from other congenital infections, as the symptoms are nonspecific [12]. 
Infected infants are at significantly higher risk of progressing to symptomatic dis-
ease due to the immune system’s immaturity [28, 29]. Immunocompromising con-
ditions such as HIV and poor nutritional status also increase the risk of progression 
to disease [30, 31].

Infants with TB disease are at higher risk than other age groups for having dis-
seminated disease, including hepatosplenic, osteoarticular, or central nervous sys-
tem involvement. Morbidity and mortality are as high as 60% for infants with 
perinatally acquired disease [12]. However, infants with congenital disease who 
present after 3 weeks of age have a higher survival rate, likely related to a lower 
inoculum load [9]. Table 2 summarizes common laboratory and radiographic abnor-
malities of perinatally acquired tuberculosis.

Table 1 Signs and symptoms of perinatally acquired tuberculosis

Clinical 
features

Common Fever, poor feeding with failure to thrive, irritability, jaundice, 
cough, respiratory distress, lymphadenitis, sepsis, 
developmental delay, and hearing loss [17, 18]

Uncommon Progressive liver dysfunction, spinal TB, and otitis media [19, 20]
Location of 
disease

Primary focus Hepatic [congenital] or pulmonary [congenital or postnatal] 
with caseating granulomas

Disseminationa Bone and bone marrow, lymph nodes, gastrointestinal tract, 
spleen, kidneys, middle ear, meninges, brain, and skin [19]

Physical 
exam

Common Growth delay, hepatosplenomegaly, abdominal distension, 
lethargy, seizures, increased head circumference [21]

Uncommon Ascites, otitis media with a draining ear, and facial nerve palsy 
[19, 22–25]

aDissemination can occur rapidly and lead to significant morbidity and mortality in untreated 
infants, although prognosis is fair with timely and appropriate treatment [26, 27]

Table 2 Common laboratory and radiographic abnormalities of perinatally acquired 
tuberculosis

General CNS involvement
Laboratory 
abnormalities

Elevated white blood cell count with 
neutrophilic predominance

CSF studies: pleocytosis, elevated 
protein, moderately low glucose, 
positive AFB stain, mycobacterial 
culture or GeneXpert MTB/RIF 
PCR assay

Thrombocytopenia
Elevated transaminases
Hyponatremiaa

Elevated inflammatory markers
Radiographic 
imaging

Early in disease CXR may be normal Hydrocephalus, intraventricular 
hemorrhage, intracranial 
calcifications, bland infarction, 
tuberculoma

Later the CXR is usually abnormal and 
can show miliary disease pattern, 
multiple pulmonary nodules, 
adenopathy, segmental atelectasis, or 
lobar pneumonia

AFB acid-fast bacilli, CXR chest X-ray
aHyponatremia, in particular, can be seen secondary to inappropriate antidiuretic hormone release 
or renal salt wasting [21]
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 Diagnosis

Diagnostic criteria for TB acquired vertically were first described in 1935 and 
updated in 1994. To diagnose congenital tuberculosis, the infant must have proven 
tuberculous lesions in the first week of life, a primary hepatic complex or caseating 
hepatic granulomas, or TB infection of the placenta or maternal genital tract; addi-
tionally, postnatal transmission must be excluded [9, 15, 32].

Acid-fast bacilli (AFB) culture. The sensitivity of culture for infants with verti-
cally transmitted disease is quite high. However, for those with postnatally acquired 
disease, diagnosis can be more challenging as AFB stains are positive in less than 
10% of cases and cultures require 1–3 weeks of incubation [33]. Appropriate sam-
ples for AFB microscopy, culture, and PCR include gastric aspirates, tracheal aspi-
rates, ear discharge, ascites fluid, pleural fluid, or biopsies from skin lesions [12]. 
Cerebrospinal fluid (CSF) should always be evaluated for cell count and differen-
tial, glucose, protein, and AFB stains and culture, as there is high risk for meningitis 
even in neonates lacking specific neurologic symptoms [8].

PCR. GeneXpert MTB/RIF PCR assay (Xpert®, Cepheid Inc., Sunnyvale, CA) is 
a rapid, automated molecular nucleic acid amplification test that can detect the pres-
ence of M. tuberculosis within 2 hours [34]. Xpert MTB/RIF has improved sensitiv-
ity for detection of TB compared to smear microscopy for respiratory, gastric 
aspirate, lymph node, and CSF samples. As such, the WHO recommends its use for 
diagnosis of TB lung disease, lymphadenitis, and meningitis [35, 36].

Histopathology. Histopathologic examination of the placenta should be per-
formed when vertical transmission is suspected; however, finding evidence of gran-
ulomas or AFB in the placenta does not prove neonatal infection nor does its absence 
prove lack of infection [30].

TST and IGRA. Skin testing or interferon release assays are predicated on recog-
nition of M. tuberculosis antigens by the immune system. Unfortunately, the rela-
tively immature cellular immunity of infants not only increases their risk for TB 
disease and dissemination but also impairs the sensitivity of TST and IGRA testing. 
Positive results are helpful, but negative results should be interpreted with caution 
and/or repeated due to the risk of false negatives during infancy.

 Treatment

Treatment should be initiated as early as possible when TB is suspected [12, 37]. If 
there are no positive cultures from the infant, the drug regimen should be based on 
the drug susceptibilities of the cultures obtained from the infant’s mother [38]. 
There are limited pharmacokinetic data for anti-TB drugs in neonates, so recom-
mended doses (Table  3) are adapted from those used in older children [39]. 
Treatment should typically include isoniazid, rifampin, pyrazinamide, and etham-
butol. If meningitis is suspected or confirmed, amikacin or ethionamide are often 
substituted for ethambutol [8, 12, 40]. Additionally, pyridoxine should be added if 
the infant is exclusively breastfed [38]. An initial four-drug regimen should be 
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continued for 2 months, followed by treatment with isoniazid and rifampin for an 
additional 7–10 months for a total of 9–12 months of treatment if the child has drug- 
susceptible disease [12, 41]. Infants with meningitis should also receive 1–2 mg/kg/
day of prednisone or an equivalent corticosteroid for the first 4–6 weeks followed by 
a taper to prevent hydrocephalus or cerebral infarction [8].

The health department should be notified, and directly observed therapy should 
be used for children treated for suspected or proven TB [4]. Though prognosis is 
guarded, within 2 weeks of initiation of appropriate therapy, most patients are 
expected to demonstrate clinical improvement [9].

 Prevention

Prevention of TB disease in infants is based on successful screening programs that 
allow contacts with TB to be diagnosed and treated, immunization with Bacille 
Calmette-Guerin (BCG) vaccine in high-prevalence countries, and infection control 
and prevention to minimize horizontal transfer.

Screening: A high index of suspicion of TB in an infant’s mother or household 
contacts is required to optimally detect and prevent TB disease in neonates. Many 
pregnant women with TB disease are symptomatic, though they may have nonspe-
cific symptoms such as fever, lethargy, and respiratory distress. TB can also lead to 
genitourinary disease, which can present with a history of infertility, loss of preg-
nancy, and irregular menstrual bleeding [42]. Untreated TB disease in pregnant 
women can also lead to preterm delivery, low birthweight, or stillbirth [10]. 
Evaluation and treatment of the neonate depends on whether they have had expo-
sure to a person with TB infection or disease (Table 4).

BCG immunization: Meta-analyses of BCG efficacy demonstrate a 60–90% 
decrease in TB meningitis and miliary TB in infants and toddlers, so BCG vaccina-
tion remains common in high-burden countries [46, 47]. In the United States, its use 
is very limited. The Centers for Disease Control and Prevention currently 

Table 3 Medical therapy of suspected or proven tuberculosis (TB) disease in infants

Presentation Treatment Duration
TB disease without central nervous 
system involvement

Isoniazid (10–15 mg/kg/day)a 9–12 months
Rifampin (15–20 mg/kg/day) 9–12 months
Pyrazinamide (30–40 mg/kg/day) First 2 months
Ethambutol (15–25 mg/kg/day)b First 2 months

TB disease involving central 
nervous system

As above, plus:
Amikacin (15–30 mg/kg/day) First 2 months
OR
Ethionamide (15–20 mg/kg/day) First 2 months
AND corticosteroids First 4–6 weeks

aIf exclusively breastfeeding, infant should also receive vitamin B6 supplement
bEthambutol may be substituted for amikacin or ethionamide if central nervous system disease 
present

Tuberculosis in the Neonate



196

recommends considering BCG vaccination only for children with a negative TST 
who cannot be isolated from an adult with untreated, ineffectively treated, or 
multidrug- resistant pulmonary disease [48].

Infection control: Infants with postnatally acquired TB disease are unlikely to 
be contagious, as children rarely transmit the organism. However, infants with ver-
tically acquired disease often have extensive pulmonary involvement and have 
transmitted the organism to healthcare workers, especially those who perform 
unprotected suctioning of the airway [49–54]. Direct infant-to-infant transmission 
has not been reported. In one NICU outbreak, there was one case of indirect infant-
to-infant transmission which was attributed to contaminated respiratory equipment 
[54]. All neonates with perinatally acquired TB should be placed in airborne pre-
cautions (i.e., in a negative pressure room with anyone entering the room wearing 
an N95 respirator mask), and all visitors to the child should be screened with a 
chest X-ray [55].

There are several case reports of infants acquiring TB infection in NICUs 
with the source of infection being an adult (e.g., a parent, another family mem-
ber, a healthcare worker) [50–53]. However, the risk of infection in neonates in 
a modern NICU is low because of frequent air exchanges and large air volumes 
[38]. Additionally, with appropriate treatment, the risk of developing infection 
is low.

Table 4 Management of the infant exposed to persons with tuberculosis (TB) infection or 
disease [43]

Exposure Household contact with 
TB infection only (latent 
TB)

Household contact or healthcare worker with 
suspected or confirmed pulmonary TB 
disease

Next steps Evaluate other household 
members

Report to health department
Contact tracing
Evaluate the infant for congenital TB

Separation 
required?

No • Yes
•  Once congenital TB excluded and source 

case is appropriately treated, separation no 
longer needed

•  If the mother has TB disease, contact with 
the child should be brief, and mother 
should wear a mask until sputum negative

Treat infected 
individual?

Yes Yes

Management of 
infant

No testing or treatment 3–6 months of isoniazid prophylaxis and then 
repeat testing

Breastfeeding?a No contraindication If mother infected, expressed breast milk safe
Direct breastfeeding safe after 2 weeks of 
therapy

aAnti-TB medications are present in breast milk, though in low concentrations and with significant 
interindividual variability. Use of these medications is not a contraindication to feeding breast milk 
[44]. All pregnant or breastfeeding women taking isoniazid should also be given pyridoxine [45]
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The optimal management of infants exposed to TB in the nursery is unclear. In 
one study of a nursery exposure, infants were given prophylactic isoniazid for 3–6 
months, and none of the infants had positive TSTs at the end of therapy [50].
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Varicella in the Peripartum Period

Chandana Ravikumar

 Epidemiology

VZV is a highly communicable virus that was extremely common in the United 
States and Europe prior to the introduction of widespread varicella vaccination in 
1995 [1]. Due to either vaccination or childhood history of chickenpox, more than 
>95% of adults in the United States are immune to varicella [2]. Correspondingly, 
the incidence of varicella in pregnant women is very low.

For regions of the world that do not have effective universal vaccination, there 
are distinct geographical differences and seasonal patterns to varicella outbreaks. 
Temperate regions have increased incidence during the winter and spring seasons, 
leading to periodic outbreaks affecting young children. In contrast, tropical regions 
have a lower incidence of outbreaks; as a result, adults in these regions are more 
likely to remain susceptible to infection [3, 4].

 Pathogenesis

VZV is a member of the Herpesviridae family. VZV is transmitted by airborne 
respiratory droplets (during primary varicella) or by direct contact with skin lesions 
(during episodes of varicella or zoster) [5]. Airborne transmission of VZV is highly 
efficient, with attack rates exceeding 80%. VZV can also be acquired by transpla-
cental transmission from a viremic mother to her fetus [6–9]. VZV rapidly reaches 
all fetal tissues but is particularly tropic for the central nervous system, eyes, and 
skin [10, 11]. Congenital and perinatal varicella are caused by hematogenous spread 
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of VZV across the placenta to the fetus during the initial viremia; in contrast, post-
natal VZV infection results from airborne or contact transmission to the newborn.

After infection, VZV incubates for approximately 2 weeks (range, 1–3), fol-
lowed by viremia and ultimately the appearance of the rash [12]. The infected are 
considered contagious from 1 to 2 days preceding the rash until all lesions are 
crusted over. After primary varicella infection, the virus becomes latent in the dorsal 
root ganglion and may reactivate later in the form of herpes zoster (i.e., shingles). 
Infants with either congenital or postnatal VZV are also at risk for zoster during 
infancy and later life [13].

 Clinical Findings

The spectrum of disease caused by varicella correlates with the timing of primary 
infection during pregnancy. The majority of infants born to mothers with primary 
varicella infection have uneventful deliveries [14]. Spontaneous abortion, preterm 
delivery, and fetal death do not seem to be increased among pregnancies compli-
cated by varicella. However, complications of varicella infection in pregnancy do 
include congenital varicella syndrome, perinatal varicella, and postnatal varicella. 
In addition, pregnant women are at increased risk for varicella pneumonia due to 
attenuation of cellular immunity during pregnancy (see chapter “Varicella in the 
Peripartum Period”) [15].

Congenital varicella syndrome. Congenital varicella syndrome occurs in approx-
imately 1–2% of pregnancies complicated by varicella infection before 20 weeks 
gestation [16]. Characteristic scattered scarred skin lesions or “cicatrices” are the 
most common finding, occurring in 70% of cases [17]. Cicatrices may be dermato-
mal, clustered, or scattered. Ocular lesions (e.g., chorioretinitis, microphthalmia, 
cataracts), neurologic injury (e.g., microcephaly, seizures, cortical destruction), and 
limb abnormalities (e.g., hypoplasia, atrophy) are also present in >50% of cases. 
These signs are apparent at birth, but some infants are not diagnosed until later in 
infancy, especially if the skin lesions go unnoticed initially. Infants with congenital 
varicella syndrome, particularly those with neurologic impairment, may have devel-
opmental delay and increased risk for mortality [18].

Perinatal varicella. Perinatal varicella is defined as onset of rash within 10 
days of delivery and is caused by transplacental transmission of VZV [19]. 
Maternal infection from 5 days antepartum to 2 days postpartum is associated 
with severe neonatal infection in approximately 25–50% of infants. The severity 
of perinatal varicella is presumably because when maternal infection is late, 
there is no opportunity for the development or transfer of passive maternal anti-
body to the infant. In addition, neonates have decreased T cell activity relative 
to older infants [13]. As a result, the case-fatality rate of perinatal varicella 
approaches 30%. In contrast, the attack rate of perinatal varicella when maternal 
infection is >5 days before delivery is 5–15%, and no neonatal deaths have been 
reported, presumably due to development of passive immunity from the mother 
[20, 21].
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Postnatal varicella. Varicella acquired postnatally generally presents after age 10 
days (median 15 days, range 10–28). As opposed to perinatal varicella, postnatal 
varicella is usually mild, although some neonatal deaths have been reported [20].

Maternal varicella pneumonia. Varicella pneumonia complicates 10–20% cases 
of varicella infection during pregnancy and can be severe; mortality due to varicella 
pneumonia is approximately 20% in pregnant women [15]. In areas where varicella 
is still endemic, varicella pneumonia represents a significant cause of morbidity and 
mortality in pregnant women. Onset of varicella pneumonia is 3–5 days after onset 
of rash; patients present with bilateral interstitial pneumonitis. Streptococcus pyo-
genes (group A Streptococcus) is associated with superinfection of varicella pneu-
monia or skin lesions and can markedly worsen prognosis [22].

 Diagnosis

Diagnosis of maternal varicella in pregnancy can be made based on clinical findings 
of the classic vesicular pruritic rash or confirmatory laboratory testing. The follow-
ing techniques can be used to confirm a varicella diagnosis.

Polymerase chain reaction (PCR). PCR amplifies the number of copies of VZV 
DNA, if any is present in a clinical sample. PCR is extremely sensitive and rapid 
and can be used on blood, cerebrospinal fluid, vesicular scrapings, amniotic fluid, 
and tissue, to name a few [23].

Viral culture. Viral culture may be used to diagnose varicella in mothers or 
infants. The base of the vesicles should be scraped, as the virus is present in epithe-
lial cells but may not be in vesicular fluid. The culture is highly specific for varicella 
but less sensitive than PCR, and it may take up to a week for culture to yield results 
[24].

Direct fluorescent antigen staining. This laboratory test directly identifies the 
presence of VZV antigens (glycoproteins) in scrapings from a vesicle base by using 
tagged monoclonal antibodies. Direct fluorescent antigen staining is highly sensi-
tive and specific and takes only a few hours to perform [24].

Serology. VZV IgG antibody usually appears ~5–7 days after the onset of rash 
(see perinatal and postnatal varicella, above). Therefore, serology is not particularly 
useful for diagnosing acute infection. However, serology is the gold standard for 
determining varicella immunity; patients with detectable IgG are considered 
immune to varicella. Of note, varicella immune globulin (VZIG, see Prevention, 
below) can persist for several months after administration and may complicate sero-
logic evaluation.

 Treatment

Antiviral treatment for varicella is generally accomplished with acyclovir or 
valacyclovir [25–27]. Both antivirals are pregnancy category B and can be used 
in pregnancy; the risk to the fetus is presumed to be low. The use of antiviral 
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therapy depends on the timing and severity of infection (Table 1). In general, 
pregnant women with primary varicella infection should be treated orally, 
although severe infections—including pneumonia—may prompt intravenous 
treatment. Infants with congenital varicella, for whom the actual infection is 
over by the time the infant is born and comes to clinical attention, do not require 
antiviral therapy unless they have reactivation (zoster) later in infancy. In con-
trast, perinatal or postnatal varicella disease should be treated with antiviral 
therapy.

Zoster in pregnant women or infants has not been as extensively studied, but oral 
therapy is generally recommended to speed resolution.

 Prevention

Preexposure prophylaxis. VZV vaccine was introduced in 1995, and since 2007, a 
two-dose schedule is recommended as part of routine childhood immunization (at 
age 1 and 4 years) [28]. Women of childbearing age should be screened for a history 
of chickenpox or documentation of two doses of varicella vaccination to reduce risk 
of varicella infection during pregnancy [26, 27]. If a woman is seronegative, then 
two doses of the varicella vaccine should be administered 4–8 weeks apart. VZV 
vaccine is a live-attenuated vaccine and therefore contraindicated during pregnancy. 
Childbearing-age women who receive the vaccination should be counseled to avoid 
pregnancy for the following month. However, clinical registries have not identified 
congenital varicella syndrome or VZV-related adverse pregnancy outcomes among 

Table 1 Clinical features and treatment of varicella in pregnant women and newborns

Condition Clinical signs Onset Treatment Mortality
Maternal 
varicella, 
uncomplicated

Pruritic vesicular 
lesions on 
erythematous base, 
in successive crops

Variable Acyclovir, 
800 mg PO 
q6 h until all 
lesions crusted

None

Maternal 
varicella, 
pneumonia

Interstitial 
pneumonitis

3–5 days after 
appearance of rash

Acyclovir, 
10 mg/kg/dose 
IV q8 h

~20%

Congenital 
varicella 
syndrome

•  Cicatrices (skin 
scarring)

• Ocular lesions
• Neurologic lesions
• Limb lesions

Usually occurs before 
20 weeks gestation 
following maternal 
varicella but rarely 
identified before birth

None unless 
active vesicles

~25%

Perinatal 
varicella

Pruritic vesicular 
lesions on 
erythematous base, 
in successive crops

≤10 days after 
delivery

Acyclovir, 
10 mg/kg/dose 
IV q8 h,
OR
acyclovir, 
500 mg/m2/
dose (1500/
day) IV q8 h

~30%

Postnatal 
varicella

>10 days after delivery <5%
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women inadvertently vaccinated during pregnancy [29]. VZV vaccine can safely be 
administered to a breastfeeding mother.

Postexposure prophylaxis. Immune individuals exposed to varicella do not 
require any additional management. However, for nonimmune pregnant women or 
for infants at high risk of perinatal varicella, passive immunoprophylaxis can be 
accomplished with VZIG (Table 2) [30, 31]. The only available VZIG product in the 
United States currently is Varizig® (Cangene Corporation, Winnipeg, Canada). The 
only distributor of Varizig in the United States is FFF Enterprises (Temecula, 
California, 1-800-843-7477). VZIG is highly effective at reducing both attack rates 
and case-fatality rates of varicella infection in high-risk individuals.
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Zika Virus

Juan P. Calle and Eduardo López-Medina

 Epidemiology

The first Zika virus disease outbreak in continental South America occurred in 
Brazil, where endemic transmission was confirmed in May 2015 [1]. Since then, up 
to November 2016, 10,056 cases of microcephaly or other neurologic disorders in 
newborn babies and infants have been reported in Brazil; 1950 of the microcephaly 
cases were confirmed to be infection-related. The maximum frequency of notified 
microcephaly in Brazil reached 49.9 cases per 10,000 newborn babies, a peak that 
is 24 times higher than the historical mean occurrence of microcephaly [2].

The first known cases of local Zika virus infection in the continental United 
States were reported in July, 2016 [3]. Soon after, the Centers for Disease Control 
and Prevention (CDC) established the Zika Pregnancy and Infants Registries to col-
lect information about pregnancy and infant outcomes following laboratory evi-
dence of ZIKV infection during pregnancy. By July 11, 2017, of 2945 completed 
pregnancies reported, 127 (4%) were live-born infants with birth defects, and 7 were 
pregnancy losses with birth defects [4].

Currently, ZIKV is a potential pandemic threat, circulating in the Americas, 
Pacific Islands, Southeast Asia, and the islands of Cape Verde off the coast of West 
Africa [5]. Although the number of cases in endemic areas different from the 
Americas is unknown, it is estimated that over two billion people inhabit in areas 
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with proper environmental conditions for ZIKV, raising concerns about its final 
geographical range and ultimate clinical impact [6–8].

 Pathogenesis

The exact pathogenic pathways of the immune response of the host and the molecu-
lar mechanisms involved in the complications associated with ZIKV infection are 
the subject of extensive research worldwide. Current knowledge of the physiopa-
thology of the infection comes from multiple animal models, cell culture studies, 
postmortem evaluation of affected patients, and clinical/epidemiological studies.

ZIKV is transmitted to humans within their urban cycles mainly through bites of 
infected mosquitoes belonging to the Aedes genus (A. aegypti, A. africanus, A. 
albopictus) [9]. Perinatal infection occurs through vertical transmission from an 
infected expectant mother. The initial viral load allows transplacental passage, 
although the exact mechanisms have not been clarified [10]. Recent findings sug-
gest that this is mediated by placental macrophages (Hofbauer cells) and cytotro-
phoblast cells. Thus, the virus reaches a direct pathway to fetal circulation, 
disseminating through developing tissue [11]. The virus has a tropism toward neu-
ronal precursor cells over immature neurons or pluripotential stem cells [12]. There 
are multiple candidate receptors that could be responsible for the uptake of the virus 
into the developing neuron—among them the tyrosine kinase receptors of the fami-
lies TYRO, AXL, and TAM—that allows this particular access to neuronal precur-
sor cells [10]. The entrance of the virus to progenitor cells of the neural crest through 
the AXL receptor—a phagocytic phosphatidylserine widely shown in neuronal pre-
cursors—activates cell signaling pathways that result in the deregulation of the cell 
cycle and activation of apoptotic pathways [13]. Within NPCs, the virus quickly 
replicates, disseminating all over the underlying tissue. The result is a twofold 
depletion of NPCs: suppression of the proliferation of NPCs and increased cell 
death of both infected NPCs and non-infected cells.

After multiple replication cycles, there is a decrease in the neuronal volume and 
mass, leading to the clinical presentation of microcephaly. Other effects noted are 
the thinning of periventricular cell layers and structural disruption, which leads to 
alterations of the ventricular system. It has also been shown in animal models that 
infections during later pregnancy can lead to alterations in the neuronal differentia-
tion and a decrease of the total number of neurons, which would also explain other 
neurocognitive manifestations seen in patients without microcephaly [12]. The 
cause of ocular and aural damage is not yet clear; however, widely accepted theories 
suggest direct cytotoxicity due to the virus or as a consequence of an inflammatory 
process. So far, it has not been possible to isolate the virus within ocular tissue [14]. 
It would also seem that the fetal compromise is associated with the viral strain. A 
study comparing different viral strains and their effect in the development of fetal 
brains in animal models and human neuronal organoids found that Brazilian virus 
strains cause a greater depletion of neuronal precursor cells and a higher disruption 
in neuronal monolayers when compared with African strains [15].
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 Clinical Findings

 Adult Infection

In ZIKV, the ratio of symptomatic to asymptomatic patients is about 20% [16]. In 
symptomatic patients, the incubation period of ZVD ranges from 3.5 days for 
the human healthy volunteer to 6–10 days for returning travelers and blood donors 
[17–19]. Symptoms last for approximately 1 week [20]. During the Yap State, 
French Polynesia, and Brazil outbreaks, the described symptoms present in the 
majority of cases were maculopapular rash (present in 80–98%), fatigue (80%), 
fever (~70%), diffuse body aches (e.g., arthritis, arthralgia, or myalgia, ~60%), and 
conjunctivitis (50–60%) [20, 21]. In contrast to nonpregnant patients, fever is pres-
ent in less than 30% of pregnant women with ZVD [22].

 Congenital Infection

A causal relationship exists between prenatal ZIKV infection and microcephaly and 
other serious brain anomalies in offspring [23]. The spectrum of abnormalities is 
broad and includes neurological impairments, fetal akinesia deformation sequence 
(i.e., arthrogryposis), growth restriction, and ophthalmologic alterations—hence the 
term congenital Zika syndrome (CZS, Table 1) has been recommended [24]. The 
CDC has developed case definitions for congenital ZIKV infection and ZVD [25]. 
It should be noted that a large case series from Brazil showed that approximately 
20% of infants with congenital ZIKV infection have normal head circumference 

Table 1 Clinical characteristics of congenital Zika syndrome

Epidemiology Approximately 6% of infants born to Zika virus-infected pregnant womena

Clinical Findings Central nervous system
  • Microcephaly
  • Ventriculomegaly
  • Calcifications
  • Neuronal migration defects
  • Limb contractures/arthrogryposis
Ophthalmic
  • Chorioretinitis
  • Macular injury
  • Atrophy
Other
  • Sensorineural hearing loss
  • Congenital heart disease

Diagnosis Pregnant woman: serum IgM, blood and urine PCR
Infant: blood, urine, and cerebrospinal fluid PCR

Treatment Supportive
Prevention Mosquito control (DEET, netting, avoiding travel to endemic areas)

Barrier contraception to prevent sexual transmission from infected partner
aIn the United States, incidence during 2015–2016 Brazilian outbreak may have been much higher
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[26]. Figure 1 shows an overlap between congenital ZIKV infection, rash during 
pregnancy, neuroimaging findings, and head size.

In Brazil, among 125 women who developed rash during pregnancy and had 
positive results for ZIKV on PCR testing, there were 58 adverse pregnancy out-
comes (46%), including 9 cases of fetal death. The majority of these affected new-
borns had CNS abnormalities including microcephaly, cerebral calcifications, 
cerebral atrophy, ventricular enlargement, and hypoplasia of cerebral structures 
[22]. Preliminary data from the US Zika Pregnancy Registry shows that the impact 
of the Zika epidemic in the United States is lower than was reported from the 
Brazilian epidemic. Among 442 completed pregnancies in women with laboratory 
evidence of possible recent ZIKV infection, 271 pregnant women (61%) were 
asymptomatic, and 167 (38%) were symptomatic. Overall, there were 26 (6%) 
fetuses or infants with birth defects. The proportion of infants with birth defects was 
the same in mothers with or without symptoms. Unlike the Brazilian study, no birth 
defects were reported among pregnancies with maternal infection in the second or 

All pregnancies and births

Reported cases

HC<-2

Zika virus infection
during pregnancy

Rash during
pregnancy

Imaging abnormalities

HC<-3

Fig. 1 Overlap between ZIKV, rash during pregnancy, neuroimaging findings, and head size [26]. 
França GVA, Schuler-Faccini L, Oliveira WK, Henriques CMP, Carmo EH, Pedi VD, et  al. 
Congenital Zika virus syndrome in Brazil: a case series of the first 1501 livebirths with complete 
investigation. The Lancet. 2016;388(10047):891-7. DOI: https://doi.org/10.1016/S0140-6736(16) 
30902-3. Creative Commons Attribution License (CC BY)
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third trimester, while 11% of pregnancies with ZIKV infection during the first tri-
mester presented with birth defects [27].

In Cali, Colombia, there is an ongoing follow-up of a cohort of infants born to 
mothers who consulted during pregnancy for Zika-related symptoms and were con-
firmed to have ZVD by blood PCR. Data for 145 infants has been obtained, 46% of 
whom had adverse outcomes, including 15% of infants with moderate or severe 
impairments (Table 2).

The contrasting findings between the epidemics in these three different regions 
were also reported in the distinct waves of ZIKV that occurred in Brazil, with inci-
dences of infection-related microcephaly varying from 49.9 cases per 10,000 live 
births during the first wave in the northeast region to 3.2–15 cases per 10,000 live 
births during the second wave in other Brazilian regions. The reasons for the differ-
ence in the impact of ZIKV infection during pregnancy among different regions or 
countries are not clear [2].

Central nervous system findings. Neurologic impairment is the most common 
consequence of congenital infection. In an observational study from Brazil, 11 
infants with congenital Zika virus infection were followed up from gestation to 6 
months of age. Although most infants with CNS compromise had microcephaly, 
some patients had head circumference measurements that were consistent with their 
gestational age, as brain atrophy was compensated by an enlargement in ventricular 
size [24]. A common pattern of brain atrophy and changes associated with distur-
bances in neuronal migration were observed, resulting in findings such as micro-
cephaly, a reduction in cerebral volume, ventriculomegaly, multifocal dystrophic 
calcifications, cerebellar hypoplasia, and lissencephaly [24, 28, 29].

Ophthalmic findings. Infants with congenital Zika frequently develop ocular 
manifestations. Of 29 Brazilian patients born with microcephaly with a presumed 
diagnosis of congenital ZIKV, 35% had ocular abnormalities [30]. Furthermore, the 
43 Colombian and Venezuelan patients clinically diagnosed with congenital Zika 
syndrome had bilateral ophthalmic manifestations. The most common findings 
were focal pigmental mottling, with a predilection for the macular area, and chorio-
retinal atrophy and scars. Optic disk abnormalities as well as congenital glaucoma 
(12% of cases) were also described [31].

Other manifestations. As well as neurologic and ophthalmic abnormalities, other 
manifestations of CZS have been described. Congenital heart disease was present in 

Table 2 Adverse pregnancy outcomes by trimester of maternal Zika virus infection

Moderatea n (%) Severeb n (%) Overall n (%)
First trimester (n = 34) 0 11 (32.4%) 11/34 (32.4%)
Second trimester (n = 64) 1 (1.6%) 7 (10.9%) 8/64 (12.5%)
Third trimester (n = 47) 1 (2.1%) 2 (4.3%) 3/47 (6.3%)
Any trimester (n = 145) 2 (1.4%) 20 (13.8%) 22/145 (15.2%)

aModerate adverse outcomes: severe osteomuscular impairment or 4–5 of 7 items affected in the 
Hammersmith Functional Motor Scale
bSevere adverse outcomes: pregnancy loss, microcephaly, or 6–7 items affected in the Hammersmith 
Functional Motor Scale
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13.5% of 103 infants with presumed CZS. Sensorineural hearing loss was present in 
5.8% of children born with microcephaly and laboratory evidence of congenital 
ZIKV infection [32]. Arthrogryposis, foveas in the knees or elbows due to limb 
contractures in utero, and redundant scalp skin in infants with normal head circum-
ference are also common findings [22, 33].

 Diagnosis

 Maternal Diagnosis

Current diagnosis of ZIKV is based on molecular detection of viral RNA through 
polymerase chain reaction (PCR). Genetic material can be detected in serum or 
plasma from the expectant mother within 2 days of the beginning of the symptoms 
and up to 7 days after the symptomatology has started. In urine, it is detected up to 14 
days later, but there are reports that have isolated the virus up to 20–39 days later [34]. 
Compared with serum, urine has shown higher responsiveness and a wider detection 
window. The CDC diagnosis protocol recommends taking both samples, as well as 
ZIKV IgM serology, as soon as possible through 12 weeks after symptom onset in 
pregnant women with recent possible ZIKV exposure and symptoms of ZVD [35].

Serological methods detect IgM-ELISA from 4 to 5 days after the start of the 
symptoms up to 12 weeks or more after the symptomatology has started. Even 
though false negatives occur, a negative result at least a week after the start of the 
symptoms is a strong evidence against ZIKV infection [36]. Due to the high degree 
of cross-reactivity with other flaviviruses, a positive or in conclusive IgM-antibody 
result must always be confirmed with a plaque reduction neutralization test (PRNT), 
generally only available in reference laboratories. This decreases the usefulness of 
serology, particularly in countries with high dengue endemicity [37]. With a con-
firmed diagnosis in an expectant mother or its high clinical suspicion, it is recom-
mended to perform an amniocentesis and RT-PCR on the amniotic fluid to confirm 
the fetal infection.

 Fetal Testing

Fetal diagnosis can be challenging; amniotic fluid samples can produce negative 
results in spite of fetal infection, and likewise, positive results can be obtained without 
fetal abnormalities. Thus, close monitoring through ultrasound and fetal magnetic 
resonance in the search of premature congenital malformations is recommended [38].

 Newborn Testing

RT-PCR analysis of serum, urine, and CSF of the newborn suspected of having 
ZIKV infection is recommended during the first 2 days of life; however, there are 
multiple reports that reveal isolation of the virus for weeks to months after being 
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born [28]. If fetal or maternal infection is confirmed or highly suspected due to 
clinical manifestations, a thorough assessment of the newborn must be performed 
with neuroimaging (preferably brain magnetic resonance or ultrasound), ophthal-
mologic assessment and monitoring, hearing studies, and a detailed neurological 
examination. In symptomatic cases at birth, it is recommended to perform an echo-
cardiogram, electroencephalogram, hepatic function testing, and exploration of pos-
sible musculoskeletal malformations. CDC has implemented a guide for infant 
neuroimaging and infant and placental Zika virus testing, which is currently being 
revised and updated [39].

 Treatment

There is no specific treatment or antiviral drug for ZIKV infection. Recommendations 
include the treatment of symptoms with acetaminophen for fever or pain and an 
antihistaminic for pruritic rash and hydration [19]. For congenital Zika syndrome, 
multidisciplinary follow-up care, including infectious diseases, neurology, ophthal-
mology, audiology, speech, occupational therapy, and physical therapy, is important 
in order to maximize the functional outcome.

 Prevention

Primary prevention of the ZIKV infection consists of avoiding mosquito bites and 
the performance of vector control. Among the recommended measures are clothing 
that covers exposed parts of the body, use of repellents, and adequate physical bar-
riers such as closed windows, screens, and mosquito nets [40]. In expectant mothers 
who live or come from areas where the virus is circulating, consultation upon recent 
infection symptomatology must be emphasized, highlighting that for one third of 
congenital cases there was no history of rash during pregnancy [26].

In order to prevent sexually transmitted infections, it must be noted that viral 
particles have been isolated in semen up to 10 weeks after the beginning of the 
symptoms, within the female genital tract up to 2 days after the beginning of the 
symptoms, and that sexual transmission has been documented up to 44 days after 
the beginning of the symptoms [41, 42].

Transmission of virus by blood transfusion has also been documented [43]. 
Given that most of the infections are asymptomatic, the best strategies to prevent 
infections by transfusions are the evaluation of nucleic acids in the donor blood or 
inactivation of the pathogen [44]. There are about 40 vaccine candidates under 
development; however, they are not expected to be available for some years. It is 
unknown whether Zika infection produces a permanent immunity [45].
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 Standard Precautions

Standard precautions (Box 1) are a set of actions that are required of every health-
care provider for every patient, regardless of circumstances. Standard precautions 
include the use of personal protective equipment (PPE) such as eye shielding, 
masks, gowns, or gloves when in contact with body fluids (or when at risk for expo-
sure). For example, when changing a wet diaper, gloves should be used to prevent 
contact with urine or feces.

Hand hygiene. Hand hygiene before and after patient contact is an important 
aspect of standard precautions. The positive effects of hand hygiene have been clear 
since the 1840s, when Ignaz Semmelweis demonstrated that handwashing 

Box 1 Standard Precautions for All Healthcare Settings, Including the Nursery 
and the Neonatal Intensive Care Unit
 1. Perform hand hygiene before and after every patient contact.
 2. Use personal protective equipment (gloves, gowns, and/or masks) when in 

contact with body fluids (or when at risk for body fluid exposure).
 3. Use and dispose of sharps safely.
 4. Perform routine environmental cleaning.
 5. Clean and process shared medical equipment between patients.
 6. Follow respiratory hygiene and cough etiquette.
 7. Use aseptic technique.
 8. Handle and dispose of waste and soiled linen safely.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-90038-4_25&domain=pdf
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dramatically reduced the incidence and mortality of childbed fever (i.e., puerperal 
sepsis) in Vienna’s Allgemeines Krankenhaus maternity ward [1]. Hand hygiene is 
incredibly effective in prevention of horizontal transmission between patients, but 
perfect compliance is difficult to achieve and maintain [2, 3]. NICU-specific studies 
have shown significant reduction in sepsis and pneumonia as hand hygiene compli-
ance improves [4]. Therefore, every individual entering the NICU—whether nurs-
ery provider, consultant, technician, or family visitor—should perform thorough 
handwashing before and after every patient contact. Efforts to support hand hygiene, 
such as “secret shoppers,” written and verbal education and feedback, administra-
tive support, family empowerment, and a culture of giving and accepting feedback 
are all strategies that have been used to improve hand hygiene compliance [5]. Of 
note, gloves are not a substitute for proper hand hygiene, and some studies suggest 
that hand hygiene compliance worsens when routine glove use is promoted [6]. 
Designing nurseries so that gel dispensers or sinks are readily available at entry to 
the unit as well as in every care area is an important step in improving hand hygiene 
compliance [7].

Respiratory etiquette. Respiratory etiquette involves covering coughs or 
sneezes, ideally with the proximal arm to avoid contaminating hands. However, 
respiratory etiquette also involves not introducing respiratory viruses to the unit in 
the first place. Respiratory viruses are a common cause of infection in the NICU 
setting (see chapter “Respiratory Viruses in the Neonatal Intensive Care Unit”). 
Visitors to the NICU should disclose active symptoms of illness and avoid visiting 
when symptomatic. Prior to entry, staff should inquire regarding active symptoms 
of infection such as cough, congestion, rhinorrhea, and fever [8]. Similarly, staff 
should avoid coming to work when actively sick with potentially transmissible 
infections, and administrators should ensure that staff members do not feel pres-
sured to do so [9].

PPE. Gloves, gowns, masks, and other PPE should be worn as indicated by 
standard or transmission-based precautions (see section “Transmission-Based 
Precautions” below) by all healthcare personnel. However, the evidence is 
unclear as to whether family visitors should wear PPE. PPE can interfere with 
family bonding and prevent skin-to-skin kangaroo care and breastfeeding and is 
viewed negatively by many families [10]. According to the most recent recom-
mendations by the Society for Healthcare Epidemiology in America, decisions 
regarding PPE for visitors should be based on the severity of the organism of 
concern, the healthcare status of the visitor, and the healthcare setting [11]. For 
example, the benefit of PPE for visitors for an infant with suspected varicella or 
parvovirus will vary based on immune status, pregnancy, et cetera. A NICU with 
an active outbreak may enforce PPE use, while a NICU with no ongoing trans-
mission may be more relaxed. Research into the benefits and adverse conse-
quences of visitor PPE use are needed to better inform these policies. Regardless 
of a given nursery’s approach to visitor PPE, hand hygiene compliance should be 
paramount for all visitors.
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 Transmission-Based Precautions

Transmission-based precautions (Table  1) are used for certain infections when 
transmission is not completely interrupted using standard precautions alone. When 
used in addition to standard precautions, transmission-based precautions can reduce 
the risk for horizontal transmission and outbreaks (see chapter “Outbreak Control in 
the Nursery”).

Contact precautions. Contact precautions (gown and gloves) are used to prevent 
transmission of infectious agents that are spread by direct or indirect contact with 
the patient or the patient’s environment [12]. A single-patient room is preferred for 
infants in contact precautions; if one is not available, cohorting can be used (i.e., 
placing patients with the same colonization or infection in the same room) [13]. As 
much space as possible should be left between beds to reduce the opportunities for 
horizontal transmission between infants [12].

Droplet precautions. Droplet precautions (mask) are used to prevent transmis-
sion of pathogens that spread through infected droplets, which can be spread by 
expulsion during coughing or sneezing or by close contact with respiratory secre-
tions. Droplet precautions are often used in combination with contact precautions, 
as most agents that can be spread by droplet can also be spread by indirect contact 
with droplets that land on nearby surfaces [12].

Table 1 Transmission-based precautions and common indications in the nursery setting

Precautionsa Equipment Example pathogens
Contact Gown and gloves Methicillin-resistant staphylococci

ESBL-producing gram negatives
Vancomycin-resistant enterococci
Herpes simplex virus
Respiratory syncytial virusb

Parainfluenzab

Droplet Surgical mask Influenza
Rhinovirus
Parvovirus
Pertussis

Airborne N95 mask
Negative-pressure room with HEPA filter

Varicella
Tuberculosis

aIn addition to standard precautions
bRespiratory syncytial virus and parainfluenza require contact precautions rather than droplet. 
However, as part of standard precautions, surgical mask should be worn if contact with respiratory 
secretions is likely (e.g., if patient coughing or sneezing)Note that cytomegalovirus infection 
requires only standard precautions, since it is transmitted by body fluids (saliva, urine, etc.), and 
gloves should be worn for all potential body fluid contact as per standard precautions. Exclusion 
of pregnant caregivers is not specifically recommended (as it is for rubella or varicella nonimmune 
pregnant healthcare providers)A comprehensive list of pathogens and their recommended isolation 
precautions can be found in Appendix A of reference [12]
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Airborne precautions. Airborne precautions (N95 mask, negative pressure room 
with HEPA filter) prevent transmission of pathogens by airborne particles. In con-
trast to droplets, which have a range of 3–6 ft before landing, airborne infections can 
remain suspended in air for long periods of time and can cover tremendous dis-
tances. Specialized negative pressure rooms prevent infectious airborne particles 
from spreading. Healthcare personnel should wear an N95 respirator when inside 
the negative pressure room [12, 14].

 Surveillance Cultures

As opposed to clinical cultures, which are obtained when infection is suspected, 
surveillance cultures can be used to periodically ascertain whether or not infants are 
colonized with certain pathogens (Table 2) [15]. In clinical practice, surveillance 
cultures are usually used for two purposes—first, to determine whether specific 
transmission-based precautions are needed for a given infant (e.g., if the infant is 
found to be colonized with methicillin-resistant Staphylococcus aureus [MRSA], 
they are then placed in contact precautions) and second, to determine whether a 
given infant requires different empiric antibiotic treatment when infection is sus-
pected (e.g., if an infant is colonized with an extended-spectrum beta-lactamase 
(ESBL)-producing gram-negative organism, they may need empiric carbapenem 
therapy). Conversely, surveillance cultures can support antibiotic stewardship—if 
an infant is known to be MRSA negative on surveillance cultures, then vancomycin 
can be safely withheld in most circumstances [16]. Examples of specific surveil-
lance approaches are shown below.

MRSA. S. aureus is one of the more common causes of late-onset sepsis (see 
chapter “Late-Onset Sepsis”) and causes significant morbidity and mortality. 
Approximately 25% of staphylococcal infections in US nurseries are due to MRSA 

Table 2 Approach to surveillance cultures for common multidrug-resistant organisms encoun-
tered in the neonatal intensive care unit

MRSA ESBL VRE
Source Axilla and/or groin Rectum Rectum
Interventions 1. Contact precautions

2.  Include vancomycin in 
empiric antibiotic 
therapy

3.  Consider decolonization 
(nasal mupirocin and 
chlorhexidine bathing)

1. Contract precautions
2.  Consider including 

meropenem in 
empiric antibiotic 
therapy

1. Contact precautions
2.  Consider including 

linezolid in empiric 
antibiotic therapy

Evidence 
grade

A1 C2 C2

Frequency of screening depends on local epidemiology; higher incidence requires more frequent 
screening. Reported schedules range from monthly to as often as twice weekly during outbreaks. 
MRSA methicillin-resistant Staphylococcus aureus, ESBL extended-spectrum beta-lactamase- 
producing gram negatives, VRE vancomycin-resistant Enterococcus
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rather than methicillin-susceptible strains [17]. Prematurity and prolonged NICU 
stay are major risk factors for MRSA colonization [18]. MRSA-colonized infants 
can be cohorted and decolonized (treated with intranasal mupirocin twice daily for 
5 days along with chlorhexidine bathing), which has been shown to reduce the risk 
of infection and horizontal transmission [19].

ESBL-producing gram negatives. The prevalence of colonization with ESBL- 
producing gram negatives mirrors the community prevalence; infants born to moth-
ers who are colonized are at increased risk. Most transmission occurs within the first 
2–4 weeks after delivery but may occur at any point during the NICU stay [20]. 
Surveillance rectal or skin swabs to detect ESBL-producing gram negatives have 
been used during outbreaks [21]. However, data regarding the use of routine surveil-
lance for ESBL producers is lacking. Given that colonization with a given organism 
is a risk factor for subsequent infection with that organism, and since ESBL- 
producing organisms usually require carbapenem therapy for treatment, the logical 
extension is that screening for these organisms could be beneficial. However, the 
implications for microbiology lab workflow, cost-effectiveness, and impact on 
infant outcome have not been well studied [22].

Vancomycin-resistant Enterococci (VRE). Enterococcus species are generally 
susceptible to ampicillin and/or vancomycin; enterococci that develop resistance to 
vancomycin are referred to as VRE. As with MRSA and ESBL producers, VRE 
most commonly colonizes and subsequently infects preterm infants. Vancomycin 
exposure is an unsurprising risk factor for VRE colonization [23]. Colonized infants 
should be placed in contract precautions, and linezolid should be considered as part 
of empiric antibiotic therapy when sepsis is suspected.

 Device-Associated Infections

Central line-associated bloodstream infections. Central line-associated blood-
stream infections (CLABSIs) are the most common hospital-acquired infection 
in the NICU and are associated with significant morbidity and mortality [24–26]. 
Central lines are commonly required for the administration of fluid, nutrition, 
and medications. The primary risk factors for CLABSIs include prematurity and 
catheter dwell time. The longer that a central line remains in place, the higher the 
risk for CLABSI. Each manipulation of the central line—such as infusions, tub-
ing changes, opening or recapping the hub—will increase risk for CLABSI if 
proper technique is not followed. On average, preterm infants undergo catheter 
manipulation every 8  h [27]. Intra-abdominal pathology such as necrotizing 
enterocolitis or bowel perforation usually requires bowel rest and total parenteral 
nutrition through a central line, which increases catheter dwell time and there-
fore the risk for CLABSI. Histamine-2 receptor blockers and proton pump inhib-
itors are also associated with increased risk for necrotizing enterocolitis, sepsis, 
and CLABSIs [28, 29]. Presumably, this is due to lowered gastric acidity and 
increased central line requirement if the infant develops necrotizing 
enterocolitis.
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CLABSI reduction can be achieved by combining evidence-based prevention 
strategies into “bundles.” Bundles focus on avoiding central-line insertion whenever 
possible, minimizing dwell times, and careful attention to sterile line maintenance 
(Box 2). Unnecessary line placement can be avoided if specific criteria for insertion 
are used [30]. Having a dedicated team of providers (i.e., a central line team) who 
are specially trained in insertion and maintenance of central lines has been associ-
ated with decreased risk for CLABSI [31, 32]. Feeding guidelines that emphasize 
prompt feeding initiation and advancement will help to minimize line days. Bundles 
that focus on reaching 120 cc/kg/day of enteral feeds and then promptly removing 
the central line have been shown to reduce CLABSIs [33]. The CLABSI risk per 
line/day is higher with umbilical venous catheters than with other catheters once 
dwell times exceed 7–14 days [34, 35]. Therefore, a reasonable strategy is to 
exchange the umbilical venous catheter for a peripherally inserted central catheter 
within 7–10 days and to remove the central line as soon as it is no longer needed.

Ventilator-associated pneumonia. Ventilator-associated pneumonia (VAP) is 
defined as new lower respiratory tract infection in a mechanically ventilated infant 
occurring >48 h after intubation [36]. VAP is a difficult diagnosis to confirm, as the 
clinical criteria are subjective and the majority of intubated neonates have preexist-
ing, noninfectious lower respiratory tract disease such as respiratory distress syn-
drome, transient tachypnea of the newborn, or bronchopulmonary dysplasia [37]. 
The primary risk factor for VAP is intubation. An endotracheal tube allows bacteria 
to avoid most of the innate defenses of the upper airway and directly communicate 
with distal airways and alveoli [38]. Another major risk factor for VAP is prematu-
rity and concomitant lung immaturity. The most preterm infants generally require 
the longest duration of mechanical ventilation and therefore have the highest 

Box 2 Evidence-Based Bundles to Prevent Central-Line Associated Bloodstream 
Infections in the Neonatal Intensive Care Unit
Insertion

• Avoid placement of unnecessary central lines
• Hand hygiene and maximal sterile barrier precautions before catheter 

insertion
• Povidone-iodine or 2% chlorhexidine skin preparation before insertion

Maintenance

• Disinfect catheter hubs and connectors before accessing ports
• Perform dressing changes only if dressing is loose or soiled

Removal

• Remove catheter promptly once no longer required
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incidence of VAP. As with CLABSI, antacid therapy has been linked to pneumonia 
and VAP [39–41].

Bundled prevention of VAP care (Box 3) includes careful insertion and mainte-
nance of endotracheal tubes, closed suctioning systems, avoiding unplanned extu-
bations, oral care with sterile water or breast milk, avoiding oversedation, and 
extubating infants as soon as feasible [42, 43]. In addition, as discussed in chapter 
“Late-Onset Sepsis,” culture of the endotracheal tube should be avoided whenever 
possible. The upper airway is not sterile, and endotracheal tubes are rapidly colo-
nized [44]. Therefore, bacteria recovered from the endotracheal tube are likely to 
represent colonization rather than infection, particularly if signs of lower respiratory 
tract disease are absent. Endotracheal tube cultures should only be considered when 
both clinical and radiographic evidence of pneumonia are present [45].

Ventricular shunt infection. Infants may require cerebrospinal fluid shunting due 
to congenital (e.g., aqueductal stenosis, Dandy-Walker malformation) or acquired 
(e.g., posthemorrhagic or postinfectious) hydrocephalus. Shunting can be accom-
plished with a ventriculoperitoneal shunt (VPS) or, for infants too small to undergo 
definitive VPS shunting, a temporizing measure such as a ventricular reservoir, sub-
galeal shunts, or serial lumbar punctures. Both definitive and temporizing shunts are 
associated with risk for shunt-associated meningitis or ventriculitis. The risk of 
shunt infection decreases as the age and size of the child increase [46]. Temporizing 
measures generally have a higher incidence of infection than VPS. Regardless of the 
type of shunt, risk is highest within a few weeks of shunt placement or revision and 
then decreases sharply over time, but never reaches zero [47].

Box 3 Evidence-Based Bundles to Prevent Ventilator-Associated Pneumonia in 
the Neonatal Intensive Care Unit
Insertion

• Avoid intubation when possible
• Use sterile tube for intubation

Maintenance

• Elevate head of bed 30° if possible
• Oral care with sterile water or colostrum
• Change breathing circuit only when malfunctioning or visibly soiled
• Closed-circuit suctioning
• Avoid unplanned extubations

Removal

• Avoid oversedation
• Daily evaluation for readiness to extubate

Principles of Infection Prevention in the Nursery
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Prevention of shunt infection requires striking a balance between higher-risk 
temporizing measures that allow growth until the lower-risk VPS is available. 
Careful insertion and maintenance technique is critical for temporizing measures. 
The optimal strategy is to standardize the approach to ventricular diversion at a 
given center, with input from pediatric neurosurgery, neonatology, infectious dis-
eases, and infection prevention. Standardized surgical approaches to VPS place-
ment are associated with lower infection rates [48]. Antibiotic-impregnated shunt 
catheters or injection of antibiotics into the shunt during placement has also been 
shown to reduce infection risk [49–51]. Double-gloving—where the neurosurgeon 
removes the first pair of gloves intraoperatively prior to handling the shunt cathe-
ter—also appears to be effective in reducing risk [52].
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Outbreak Control in the Nursery

Joseph B. Cantey

 Epidemiology

An outbreak refers to disease activity within a given population that is above the 
“normal” or expected endemic level [1]. Outbreaks that result from a brief, limited 
exposure (e.g., if a family member with active varicella visits the NICU) are called 
point-source outbreaks; in contrast, ongoing exposure over time leads to a longer 
outbreak called a common-source outbreak. Regardless of the source, outbreaks can 
be propagated by ongoing horizontal transmission from affected infants to unaf-
fected infants. Pathogens associated with outbreaks in the NICU setting include 
multidrug-resistant organisms (MDROs), respiratory or gastrointestinal viruses, 
fungi, and parasites (Box 1). The most commonly reported causes of outbreaks in 
the NICU are MDROs, particularly methicillin-resistant Staphylococcus aureus 
(MRSA) or extended-spectrum beta-lactamase (ESBL)-producing gram-negative 
organisms [2]. The incidence of MDROs has steadily climbed over the last two 
decades [3]. Active surveillance programs for MDROs allow identification of colo-
nized infants so that isolation precautions can be instituted before horizontal trans-
mission occurs. An increase in colonization rates relative to baseline is suggestive 
of an outbreak. Alternatively, outbreaks may be identified due to a cluster of infec-
tions [2]. Identifying an outbreak is a critical first step in controlling transmission. 
Preventing and controlling outbreaks promptly is critical, both to prevent the high 
costs associated with outbreak management and to prevent morbidity and mortality 
for affected infants [4].
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Box 1 Pathogens Reported to Have Caused Outbreaks in Nurseries or Neonatal 
Intensive Care Units
Bacteria

Methicillin-resistant Staphylococcus aureus
Extended-spectrum beta-lactamase-producing gram-negative organisms
Carbapenem-resistant gram-negative organisms
Vancomycin-resistant Enterococcus
Vancomycin-intermediate or resistant coagulase-negative Staphylococcus
Enterohemorrhagic Escherichia coli
Serratia sp.
Pertussis
Group B streptococci
Burkholderia sp.
Cronobacter sp.
Salmonella
Tuberculosis
Legionella pneumophila
Bacillus sp.
Ralstonia sp.
Pantoea sp.

Viruses
Respiratory viruses (influenza, respiratory syncytial virus, adenovirus, 

etc.)
Gastrointestinal viruses (rotavirus, norovirus, enteroviruses)
Hepatitis A
Varicella
Cytomegalovirus
Herpes simplex virus type 1
Mumps

Fungi
Candida sp.
Malassezia sp.
Aspergillosis
Rhizopus (mucormycosis)
Trichosporon asahii
Microsporum canis (ringworm)
Pichia sp.
Rhodotorula mucilaginosa

Parasites
Scabies
Cimex hemipterus (bedbugs)
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 Pathogenesis

The NICU setting often provides the perfect conditions for outbreaks to occur. 
These conditions include vulnerable hosts and environmental challenges.

Infant risks. The immune system of infants, especially preterm infants, is imma-
ture relative to older children. Although quantitatively normal in most cases, the 
innate and adaptive immune system is functionally impaired. This includes granu-
locyte chemotaxis, complement, opsonization, antibody production, and cell- 
mediated killing. In addition, preterm infants—particularly those born <28–30 
weeks gestation—lack protective levels of transplacental maternal immunoglobulin 
[5, 6]. Finally, preterm infants have immature skin which is frequently breached by 
catheters and phlebotomy, allowing pathogens to enter the bloodstream. Therefore, 
while preterm infants are not classically “immunodeficient,” they are at markedly 
increased risk for infection due to their immature immune system. Preterm infants 
also require the most indwelling support devices and have the longest length of stay 
in the NICU, factors that combine to maximize their risk of exposure. Unsurprisingly, 
preterm infants are the most commonly affected during NICU outbreaks.

Environmental risks. There are several environmental factors that have been 
associated with outbreaks. Approximately 150 ft2 of NICU space is recommended 
for each intensive care infant [7]. Overcrowding has been linked to outbreaks, and 
decreasing patient density is a common step in outbreak control (see Management 
below). Nursing understaffing is also a risk factor for horizontal transmission [8, 9]. 
Presumably, more infants in a nursing assignment equates to less time and attention 
for standard precautions such as hand hygiene; higher density of infants in a given 
space equates to less distance needed for horizontal transmission of pathogens. 
Horizontal transmission is also facilitated by shared medical equipment such as 
ventilators, isolettes, and stethoscopes if not cleaned in between patients [10]. 
Finally, environmental sources such as contaminated formula or parenteral  nutrition, 
water sources, air conditioning, or even particles from nearby construction have all 
been associated with NICU outbreaks [11–13].

 Outbreak Detection

The initial step in outbreak detection is realizing that one is occurring. Detection 
usually follows one of two scenarios: a cluster of similar infections or an uptick in 
the detection of asymptomatic colonization on routine surveillance screening. Once 
detected, several actions should occur promptly (Fig. 1). For the purposes of this 
chapter, steps are divided into “outbreak detection” and “outbreak control,” but in 
reality, these actions should be happening simultaneously.

• Form a multidisciplinary team. A multidisciplinary outbreak control team should 
be formed in order to rapidly collect and distribute information, review and rein-
force existing protocols, and implement control measures (see section “Outbreak 
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Control” below) [14]. This team should consist of all stakeholders, including—
but not limited to—infection preventionists, neonatologists, charge nurses, respi-
ratory therapists, environmental services, microbiology, infectious disease 
specialists, and hospital administration. Administrators should be included 
whenever possible, as increased resources (physical space, laboratory time, 
materials, and labor) are virtually always needed to control an outbreak. In addi-
tion, local or state health departments should be involved for severe or complex 
outbreaks or ones that represent an extramural threat to the community [15].

• Create a case definition. A case definition should be developed, and infants 
should be screened if possible to determine whether they are “cases” (infected or 
colonized with the outbreak pathogen) or “controls” (exposed but unaffected) 
[16]. Infants should then be cohorted so that cases are isolated from controls. 
Optimally, providers should also be cohorted (e.g., a nurse would have only case 
infants or only control infants in their daily assignment, but not both). Providers 
who must see all infants should begin with control infants and finish with case 
infants to reduce the risk of horizontal transmission.

• Increase active surveillance. If possible, active surveillance should be started for 
the outbreak pathogen if not already in place, or the frequency of screening 
should be increased. For example, if a cluster of ESBL-producing E. coli infec-
tions are detected, then regular screening for ESBL producers should be initiated 
[15]. Similarly, if a NICU performs once-monthly MRSA screening and sud-
denly identifies a significant increase in colonization rates, then screening should 
be increased to every other week or weekly until the outbreak is under control 
[17]. Note that control infants may become cases over time if horizontal trans-
mission is ongoing.

• Microbiologic confirmation. Routine clinical or surveillance cultures will gener-
ally report the species of bacteria and susceptibility information (e.g., methicillin- 
susceptible S. aureus). However, in an outbreak setting, it is usually valuable to 
identify the particular strain. Historically, this has been accomplished by pulsed- 
field gel electrophoresis, where the organism is lysed and then run on a gel using 
pulsed electricity to separate the DNA fragments into a distinct “fingerprint.” 
Pulsed-field gel electrophoresis can determine the relatedness of different iso-
lates of the same species and can confirm whether a single strain is spreading in 
the NICU [18]. Currently, whole-genome sequencing is increasingly used as a 
quick and efficient substitute for electrophoresis [19].

 Outbreak Control

Once an outbreak has been detected and the initial steps have been taken, efforts 
should focus on controlling horizontal transmission and identifying the source of 
the outbreak. However, source control is not always possible; many outbreaks do 
not have a definitive “index patient” or point source identified [20, 21]. Instead, 
outbreak interventions should primarily center on ending patient-to-patient 
transmission.

Outbreak Control in the Nursery
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Reinforcement of existing protocols. All staff, including personnel who consult in 
the NICU such as surgical personnel or other pediatric services, should be reminded 
to perform proper hand hygiene before and after patient contact [22]. Artificial 
nails, bracelets, watches, complex or multifaceted rings, and nail polish have all 
been associated with increased risk of horizontal transmission and should be pro-
hibited if not already against unit policy [23, 24]. Auditing of compliance with hand 
hygiene will improve compliance rates and allow for reeducation of staff [25]. 
Parents and other visitors should also be reminded to perform proper hand hygiene 
before infant contact.

Environmental cleaning. Environmental service staff should be reeducated 
regarding proper bed space cleaning. Audits using ultraviolet markers can help 
identify environmental areas that may need re-cleaning and prompt additional train-
ing for personnel [26]. All equipment, particularly shared equipment, should be 
thoroughly cleaned at the time of outbreak recognition as well as before and after 
patient use [27]. The minimum amount of providers and equipment (e.g., computers 
on wheels, bedside trays, etc.) should be allowed in the rooms of infected or colo-
nized infants. Finally, case infants should not be moved from their room or bay if at 
all possible; transfer from bed space to bed space leads to increased risk for environ-
mental contamination and subsequent horizontal transmission.

Avoid overcrowding and understaffing. Increasing the available floor space per 
infant is critical [28–30]. In addition, cohorting infants into groups often reduces the 
available space for other infants (e.g., if two MRSA-colonized infants are using a 
bay normally meant for four infants). Working with nursing leadership and hospital 
administration to find additional space for uninfected infants is an important step in 
outbreak control. Reducing staff ratios can also decrease the risk for horizontal 
transmission. In rare cases, when additional space or staffing is not available, NICUs 
have closed to additional admissions [31, 32]. However, this is an extreme (and 
costly) step that is rarely necessary if other interventions are successfully imple-
mented. Another measure that has been used for outbreak control is to perform 
surveillance cultures of staff [33]. However, this process is costly and potentially 
problematic. Asymptomatic carriers may have acquired infection from the infant 
and not vice versa, and the exclusion of colonized staff may contribute to understaff-
ing [34]. Other MDROs that are not related to the outbreak strain may be identified 
[35]. Additionally, staff surveillance cultures are tremendously unpopular and—
most importantly—unnecessary if proper hand hygiene is adhered to [36].

Communication. During an outbreak, honest and frequent communication with 
parents, other hospital staff, administrators, and the health department is critical. As 
with any adverse hospital outcome, there is an ethical obligation to inform families 
about their infant’s involvement in an outbreak. If applicable, parents should be 
counseled about the distinction between colonization and infection. Nondisclosure 
is often related to embarrassment or concern for legal liability. However, disclosure 
and apology are not tantamount to admitting fault. There is also evidence that dis-
closure and apology may reduce the risk of subsequent litigation [37]. There have 
also been circumstances in which perceived nondisclosure of an outbreak has led to 
increased media attention [38].
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Case control or cohort study. Methodical study of the outbreak cohort can iden-
tify risk factors associated with acquisition of the outbreak pathogen. The more vari-
ables that are analyzed, the more likely the source can be identified; however, more 
variables also mean more work, longer time to results, and a greater risk of making 
type 1 errors (i.e., finding an association between the outbreak and a variable when 
no such association really exists). The study should be informed by the timing and 
geography of the outbreak. An investigation may focus on different variables if all 
cases were clustered near a water leak, for example, than if the case infants are scat-
tered randomly throughout the NICU. In addition, certain pathogens have been asso-
ciated with particular routes of administration (e.g., Cronobacter in contaminated 
formula, Legionella in air conditioning systems, Malassezia in contaminated paren-
teral nutrition). Coordination with microbiology and infectious disease specialists 
can help guide the study and may lead to source control. These studies may be valu-
able for outbreak control, although if other steps are properly implemented, the out-
break is often controlled before study results are available. However, such studies are 
still important as they may identify a risk or a source that was not previously known, 
and they inform future prevention efforts that may help prevent the next outbreak.

 Outbreak Prevention

Intermittent introduction of potential pathogens to the nursery is unavoidable. No 
amount of questionnaires or symptom screening will capture staff or visitors with 
asymptomatic infection or colonization with MDROs or viruses. Therefore, the best 
way to prevent the next outbreak is to continue high-level, “outbreak”-style preven-
tion measures at all times [2, 4, 39], that is, high hand hygiene compliance, quality 
environmental cleaning, avoiding overcrowding or understaffing, and active surveil-
lance for MDROs. Audit and feedback can provide objective evidence of how well 
NICU staff are adhering to hygiene procedures. Nurseries that encourage a culture 
of communication and respectful correction (e.g., “Excuse me, please remember to 
wash your hands before you touch my patient.”) will have better adherence rates 
[40]. Maintaining outbreak-level precautions at all times is difficult, but when done 
properly, these steps can markedly reduce the risk for horizontal transmission.
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Antibiotic Stewardship

Stephen D. Baird

 Introduction

Neonates, especially those who are premature or have congenital malformations, 
are at increased risk for serious bacterial infections. It is therefore unsurprising that 
antibiotics are the most-prescribed medications within neonatal intensive care units. 
Appropriate antibiotic use for proven infection can be lifesaving. However, their 
inappropriate or excessive use must be guarded against. Mounting evidence has 
associated exposure to antibiotics with numerous adverse outcomes (Box 1) [1–10]. 
Therefore, clinicians must balance the benefits of antibiotics against short-term and 
long-term risk of their use. This balance can be achieved through an antibiotic stew-
ardship program (ASP) [11]. The goal of this chapter is to demonstrate how provid-
ers can optimize antibiotic use while minimizing toxicity and adverse effects.
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Box 1 Adverse Outcomes Associated with Antibiotic Use in Early Infancy

Early Candida colonization and invasive candidiasis
Multidrug-resistant organism colonization
Late-onset sepsis
Necrotizing enterocolitis
Bronchopulmonary dysplasia
Mortality

Late Asthma
Eczema
Obesity
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 Establishing an Antibiotic Stewardship Program

Personnel. Antibiotic stewardship programs (ASPs) should be multidisciplinary. 
Most ASPs involve at a minimum an infectious disease specialist or a clinical phar-
macist whose sole or primary role is to oversee the ASP. However, remote monitor-
ing by ASP personnel is not nearly as effective as when nursery personnel are 
invested stakeholders. Evidence suggests that neonatologists are more receptive to 
feedback if it originates from another nursery provider than from infectious diseases 
or pharmacy [12, 13]. In addition, nursery stakeholders can guide the ASP as to 
which interventions are likely to meet with the most buy-in from other nursery 
providers.

Strategies. There are several approaches that ASPs can use in the nursery setting, 
including audit and feedback, prior authorization, and guidelines.

• Audit and feedback. Prospective audit of antibiotic prescribing combined with 
timely feedback to individual providers, the nursery as a whole, or both, is a 
staple of antimicrobial stewardship. Prospective audit may be comprehensive, 
evaluating every dose of every antibiotic administered in the nursery, or it may 
be restricted to certain antimicrobials such as those that are broad spectrum or 
those that are most commonly used [14, 15]. Audit and feedback has several 
advantages. First, it is the most “passive” of the three core strategies and may be 
viewed more favorably by providers as a result. Secondly, prospective audit 
allows ASP providers and the nursery stakeholders to identify emerging patterns 
in real time. Finally, when audit and feedback has been compared head-to-head 
with prior authorization, audit and feedback has consistently been shown to be 
more effective [16–18].

• Prior authorization. Prior authorization refers to specific antimicrobials that can 
only be used after being “authorized” by a member of the ASP. Alternatively, a 
given agent could be used empirically for 24 or 48 h, but then would be stopped 
unless authorization to continue is given. Use of a given antimicrobial usually 
drops quickly once it is placed under prior authorization. However, prior autho-
rization has also been associated with provider push-back, increased use of unre-
stricted antimicrobials, and delays in therapy [19]. The use of antibiotic 
“time-outs,” where antibiotics may be started but then are reviewed at a certain 
point (usually the 48-h mark), is an equally effective and better-tolerated 
approach compared with prior authorization [20].

• Guidelines. Guidelines for common infections can improve both diagnostic 
and antimicrobial stewardship by minimizing the number of unnecessary 
evaluations and optimizing the diagnosis and treatment of suspected infec-
tions. In the NICU setting, protocols for early-onset sepsis, late-onset sepsis, 
and necrotizing enterocolitis may be beneficial. Suspected sepsis accounts for 
the majority of antibiotic use in the NICU.  Chapters “Early-Onset Sepsis,” 
“Late-Onset Sepsis,” and “Necrotizing Enterocolitis” highlight suggested 
approaches to early- and late-onset sepsis and necrotizing enterocolitis, 
respectively.
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Metrics. Another issue is how to report antibiotic usage in the nursery setting. A 
commonly used term for ASPs is days of therapy per 1000 patient-days [21]. This 
metric counts each day (or partial day) of a given antibiotic separately. For example, 
2 days of ampicillin and gentamicin therapy would count as 4 days of therapy—2 
days of ampicillin and 2 days of gentamicin. This is in contrast to “length of ther-
apy,” which refers to the number of calendar days that an infant receives antimicro-
bial therapy and is more consistent with how providers speak. When using length of 
therapy, 2 days of ampicillin and gentamicin therapy is 2 days. Although days of 
therapy is preferred by ASPs, and length of therapy is used by providers, the optimal 
metric has not been identified and both have weaknesses [22]. For example, provid-
ers can decrease their nursery’s days of therapy by changing all infants from ampi-
cillin and gentamicin to meropenem—significantly broadening coverage but 
reducing the days of therapy to 2 to 1.

 Diagnostic Stewardship

Proper approach to the diagnosis of infection can ensure that antibiotics are used 
properly. This includes obtaining proper microbiologic studies when infection is 
suspected, interpreting the results correctly, and using ancillary tests properly to 
help guide cessation of antimicrobial use.

Cultures. The vast majority of antibiotic use within the NICU comes from the 
empiric or directed treatment of sepsis. Bacterial blood cultures remain the gold 
standard for diagnosing neonatal sepsis and are extremely sensitive when obtained 
properly. Studies have shown that septic neonates tend to have high bacterial con-
centrations in their bloodstreams, with a median value of 500 colony-forming units/
mL [23]. Inoculation of 1 mL of blood is able to recover bacteria at concentrations 
as low as 4 colony-forming units/mL [24]. Sensitivity is lower at extremely low 
bacterial concentrations (<4 colony-forming units/mL), but the clinical significance 
of such low-level bacteremia is unknown. The recommendation is that a minimum 
of 1 mL of blood be obtained for culture when sepsis is suspected; unfortunately, 
collected volumes are frequently <1 mL [25, 26]. This issue could be improved with 
simple education of the providers obtaining the cultures.

Another major stewardship challenge is that clinicians may not trust sterile blood 
cultures. Reasons for this are multifactorial and include concern for improperly 
drawn specimens, institutional practices and habits, suspicion that intrapartum anti-
biotic prophylaxis may have “masked” a positive culture, and continued signs con-
sistent with sepsis in an infant with sterile cultures. Whatever the reason, these 
behaviors may lead to treatment of “culture-negative” sepsis, often for prolonged 
periods [27]. The median course of therapy for culture-negative sepsis is 7–10 days. 
ASPs should evaluate the frequency of “culture-negative” sepsis courses and focus 
on timely discontinuation of antibiotics. This includes ensuring that appropriate 
blood cultures are drawn and then educating providers to trust those results [28].

Finally, cultures of non-sterile sites (e.g., trachea, skin, mucous membranes, etc.) 
must be interpreted cautiously. The infant’s clinical state, imaging studies if 
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applicable, and culture results should be interpreted together to determine whether 
a positive culture represents infection or asymptomatic colonization.

Ancillary tests. A variety of ancillary blood tests have been evaluated against the 
gold standard of cultures to determine their sensitivity and specificity for detection 
of sepsis in infants. These biomarkers include complete blood cell counts with dif-
ferential, C-reactive protein, procalcitonin, presepsin, interleukin-6, and more [29]. 
Although the particulars of the frequency, intervals, and cutoff values have varied 
between studies, the overall pattern is quite clear. The positive predictive value of 
these tests is generally poor. A variety of clinical scenarios can make these biomark-
ers abnormal even when cultures are sterile, including chorioamnionitis, perinatal 
asphyxia, preeclampsia, and even delivery itself [30, 31]. However, their negative 
predictive value is generally good, approaching 99% for serial neutrophil values. 
Therefore—if used at all—these studies are best used for their negative predictive 
value. Clinicians who are anxious about stopping antibiotic therapy in an infant with 
sterile blood cultures but continued signs of illness (e.g., hypotension, respiratory 
failure) may be reassured if biomarkers are also normal. However, it cannot be over-
stated that cultures are the gold standard, and properly obtained, sterile blood cul-
tures should be trusted on their own merits. Additionally, these biomarkers do not 
have sufficient specificity or sensitivity to preclude the need for cultures or empiric 
antibiotic therapy.

Risk prediction models. Risk prediction models, also known as sepsis calcula-
tors, show tremendous promise in helping guide initiation of antibiotic therapy for 
early-onset sepsis. The best-studied model to date is the Kaiser sepsis calculator 
(available at https://neonatalsepsiscalculator.kaiserpermanente.org). This calculator 
uses the local epidemiology of early-onset sepsis, gestational age, maternal tem-
perature, duration of rupture of membranes, and maternal group B streptococcal 
colonization status in combination with the infant’s clinical appearance to recom-
mend observation or cultures ± empiric antibiotic therapy. Large cohort studies have 
demonstrated that the use of these prediction models can safely reduce sepsis evalu-
ations and empiric antibiotic use by 30–50% [32, 33]. However, these models have 
not yet been validated in more preterm infants.

 Antimicrobial Stewardship

Once properly obtained cultures are obtained,  antibiotics should be initiated, modi-
fied, and discontinued based on the results of those cultures and the infant’s clinical 
status. Detailed recommendations for early-onset and late-onset sepsis, focal infec-
tions, and necrotizing enterocolitis are given in chapters “Early-Onset Sepsis,” 
“Late-Onset Sepsis,” and “Necrotizing Enterocolitis,” respectively. However, anti-
microbial selection should be tailored to a given center’s antibiogram, which is 
available through the hospital microbiology lab and will inform nursery providers 
about rates of resistance seen locally.

Empiric selection. Empiric antibiotics provide adequate coverage for the likely 
pathogens while cultures are pending (Table 1).
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Early-onset sepsis. Common pathogens include group B streptococci and gram- 
negative Enterobacteriaceae such as Escherichia coli. Ampicillin and gentami-
cin are widely used and cover virtually all commonly encountered pathogens. 
However, if the proportion of gentamicin-resistant E. coli is high (>10–15%), an 
alternative aminoglycoside should be considered.

Late-onset sepsis. The range of pathogens capable of causing late-onset sepsis is broad, 
making it difficult to cover all the possibilities. In general, coagulase- negative staph-
ylococci, S. aureus, and gram-negatives (primarily the Enterobacteriaceae) account 
for the majority of cases. A semisynthetic penicillin such as oxacillin, in combina-
tion with gentamicin or another aminoglycoside, is appropriate in most cases. For 
infants who are colonized with methicillin-resistant S. aureus (MRSA), or for 
NICUs who do not perform prospective surveillance for MRSA, vancomycin may 
be necessary in lieu of oxacillin. However, vancomycin reduction strategies have 
been shown to be safe and effective (see chapter “Late-Onset Sepsis”) [34].

Necrotizing enterocolitis. Pathogens responsible for necrotizing enterocolitis 
include aerobic and anaerobic gram-negatives as well as the anaerobic gram- 
positives found in the infant gut. These organisms can be empirically covered 
with piperacillin/tazobactam monotherapy. Alternatively, ampicillin, gentami-
cin, and metronidazole can be given in combination, but this achieves the same 
general coverage as piperacillin/tazobactam at the expense of more line entry for 
dosing and more nephrotoxicity due to the inclusion of an aminoglycoside.

Table 1 General empiric and definitive therapy guidelines for infants with suspected infection

Condition Empiric therapy Alternatives Duration
Suspected infection
Early-onset 
sepsis

Ampicillin and 
gentamicin

36–48 h pending culture 
results

Late-onset 
sepsis

Oxacillin and 
gentamicin

Vancomycin and 
gentamicin

Meningitis Cefotaxime and 
vancomycin

48 h pending culture 
results

Proven infection
Necrotizing 
enterocolitis

Piperacillin/
tazobactam

Ampicillin, gentamicin, 
and metronidazole

7–14 days depending on 
Bell’s staging

Gram-positive GBS—ampicillin
CoNS—vancomycin
MSSA—oxacillin
MRSA—vancomycin
Enterococcus—
ampicillin

7–10 days for 
uncomplicated sepsis
10–14 days for 
meningitis

Gram-negative Varies 10–14 days for 
uncomplicated sepsis
14–21 days for 
meningitis

CoNS coagulase-negative staphylococci, GBS group B streptococci, MRSA methicillin-resistant 
Staphylococcus aureus, MSSA methicillin-susceptible Staphylococcus aureus
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Definitive therapy. Once empiric therapy has been started, the selection and 
duration of therapy depend on culture results and the infant’s clinical status. If sep-
sis is suspected but cultures are sterile, antibiotics should be stopped promptly 
within 48 h; 36 h may be sufficient for early-onset sepsis [35]. Positive cultures 
should be treated with definitive therapy that is the narrowest possible regimen that 
reaches the infected compartment (e.g., blood, urine, cerebrospinal fluid) and treats 
the responsible organism(s). General guidelines are shown in Table 1 but will vary 
depending on the clinical circumstances and the infant’s response to therapy.

 Reporting

Effective ASP programs use the strategies listed in 27.2 to improve antibiotic use. 
However, effective stewardship requires ongoing communication and reporting of 
data between the nursery and the ASP. This reporting serves as feedback and edu-
cation and can also help to identify new or emerging areas that need to be 
addressed. Antibiotic stewardship can feel a little bit like Sisyphus rolling the 
boulder up the hill over and over again. However, antibiotic stewardship efforts 
are viewed favorably by nursery providers and ultimately can be remarkably 
effective in reducing unnecessary or unwarranted antibiotic exposure in vulnera-
ble infants [12, 15].

References

 1. Cotton CM, McDonald S, Stoll B, et al. The association of third-generation cephalosporin use 
and invasive candidiasis in extremely low birth-weight infants. Pediatrics. 2006;118:717–22.

 2. de Man P, Verhoeven BA, Verbrugh HA, et al. An antibiotic policy to prevent emergence of 
resistant bacilli. Lancet. 2000;355:973–8.

 3. Cotton CM, Taylor S, Stoll B, et al. Prolonged duration of initial empirical antibiotic treatment 
is associated with increased rates of necrotizing enterocolitis and death for extremely low birth 
weight infants. Pediatrics. 2009;123:58–66.

 4. Cantey JB, Huffman LW, Subramanian A, et al. Antibiotic exposure and risk for death or bron-
chopulmonary dysplasia in very low birth weight infants. J Pediatr. 2017;181:289–93.

 5. Ting JY, Synnes A, Roberts A, et al. Association of antibiotic use and neonatal mortality and 
morbidities in very low-birth-weight infants without culture-proven sepsis or necrotizing 
enterocolitis. JAMA Pediatr. 2016;170:1181–7.

 6. Sun W, Svendsen ER, Karmaus WJ, Kuehr J, Forster J. Early-life antibiotic use is associated 
with wheezing among children with high atopic risk: a prospective European study. J Asthma. 
2015;52:647–52.

 7. Lapin B, Piorkowski J, Ownby D, et  al. The relationship of early-life antibiotic use with 
asthma in at-risk children. J Allergy Clin Immunol. 2014;134:728–9.

 8. Schmitt J, Schmitt NM, Kirch W, Meurer M. Early exposure to antibiotics and infections and 
the incidence of atopic eczema: a population-based cohort study. Pediatr Allergy Immunol. 
2010;21:292–300.

 9. Saari A, Virta LJ, Sankilampi U, Dunkel L, Saxen H. Antibiotic exposure in infancy and risk 
of being overweight in the first 24 months of life. Pediatrics. 2015;135:617–26.

 10. Korpela K, Zijlmans MA, Kuitunen M, et  al. Childhood BMI in relation to microbiota in 
infancy and lifetime antibiotic use. Microbiome. 2017;5:26.

S. D. Baird



245

 11. Dellit TH, Owens RC, McGowan JE, et al. Infectious Diseases Society of America and the 
Society for Healthcare Epidemiology of America guidelines for developing an institutional 
program to enhance antimicrobial stewardship. Clin Infect Dis. 2007;44:159–77.

 12. Cantey JB, Vora N, Sunkara M. Prevalence, characteristics, and perception of nursery antibi-
otic stewardship coverage in the United States. J Pediatric Infect Dis Soc. 2017;6:e30–5.

 13. Patel S, Landers T, Larson E, et  al. Clinical vignettes provide an understanding of antibi-
otic prescribing practices in neonatal intensive care units. Infect Control Hosp Epidemiol. 
2011;32:597–602.

 14. Kimura T, Uda A, Sakaue T, et  al. Long-term efficacy of comprehensive multidisciplinary 
antibiotic stewardship programs centered on weekly prospective audit and feedback. Infection. 
2018;46(2):215–24.

 15. Cantey JB, Wozniak PS, Pruszynski JE, Sanchez PJ. Reducing unnecessary antibiotic use in 
the neonatal intensive care unit (SCOUT): a prospective interrupted time-series study. Lancet 
Infect Dis. 2016;16:1178–84.

 16. Mehta JM, Haynes K, Wileyto EP, et  al. Comparison of prior authorization and prospec-
tive audit with feedback for antimicrobial stewardship. Infect Control Hosp Epidemiol. 
2014;35:1092–9.

 17. Chan S, Hossain J, DiPentima MC. Implications and impact of prior authorization policy on 
vancomycin use at a tertiary pediatric teaching hospital. Pediatr Infect Dis J. 2015;34:506–8.

 18. Lukaszewicz Bushen J, Mehta JM, Hamilton KW, et al. Frequency of streamlining antimicro-
bial agents in patients with bacteremia. Infect Control Hosp Epidemiol. 2017;38:89–95.

 19. Reed EE, Stevenson KB, West JE, Bauer KA, Goff DA. Impact of formulary restriction with 
prior authorization by an antimicrobial stewardship program. Virulence. 2013;4:158–62.

 20. Graber CJ, Jones MM, Glassman PA, et  al. Taking an antibiotic time-out: utilization and 
usability of a self-stewardship time-out program for renewal of vancomycin and piperacillin/
tazobactam. Hosp Pharm. 2015;50:1011–24.

 21. Ibrahim OM, Polk RE.  Antimicrobial use metrics and benchmarking to improve steward-
ship outcomes: methodology, opportunities, and challenges. Infect Dis Clin North Am. 
2014;28:195–214.

 22. Cantey JB, Patel SJ.  Antimicrobial stewardship in the NICU.  Infect Dis Clin North Am. 
2014;28:247–61.

 23. Sabui T, Tudehope DI, Tilse M. Clinical significance of quantitative blood cultures in newborn 
infants. J Paediatr Child Health. 1999;35:578–81.

 24. Schelonka RL, Chai MK, Yoder BA, Hensley D, Brockett RM, Ascher DP. Volume of blood 
required to detect common neonatal pathogens. J Pediatr. 1996;129:275–8.

 25. Polin RA, Committee on Fetus and Newborn. Management of neonates with suspected or 
proven early-onset bacterial sepsis. Pediatrics. 2012;129:1006–15.

 26. Connell TG, Rele M, Cowely D, Buttery JP, Curtis N. How reliable is a negative blood cul-
ture result? Volume of blood submitted for culture in routine practice in a children’s hospital. 
Pediatrics. 2007;119:891–6.

 27. Cantey JB, Sanchez PJ. Prolonged antibiotic therapy for “culture-negative” sepsis in preterm 
infants: it’s time to stop! J Pediatr. 2011;159:707–8.

 28. Cantey JB, Baird SD.  Ending the culture of culture-negative sepsis in the neonatal 
ICU. Pediatrics. 2017;140:e20170044.

 29. Ng PC, Ma TP, Lam HS. The use of laboratory biomarkers for surveillance, diagnosis and 
prediction of clinical outcomes in neonatal sepsis and necrotising enterocolitis. Arch Dis Child 
Fetal Neonatal Ed. 2015;100:F448–52.

 30. Perron S, Lotti F, Longini M, et al. C reactive protein in healthy term newborns during the first 
48 hours of life. Arch Dis Child Fetal Neonatal Ed. 2018;103:F163–6.

 31. Jackson GL, Engle WD, Sendelbach DM, et al. Are complete blood cell counts useful in the 
evaluation of asymptomatic neonates exposed to suspected chorioamnionitis? Pediatrics. 
2004;113:1173–80.

 32. Kuzniewicz MW, Puopolo KM, Fischer A, et al. A quantitative, risk-based approach to the 
management of neonatal early-onset sepsis. JAMA Pediatr. 2017;171:365–71.

Antibiotic Stewardship



246

 33. Warren S, Garcia M, Hankins C. Impact of neonatal early-onset sepsis calculator on antibiotic 
use within two tertiary health care centers. J Perinatol. 2017;37:394–7.

 34. Chiu CH, Michelow IC, Cronin J, Ringer SA, Ferris TG, Puopolo KM. Effectiveness of a 
guideline to reduce vancomycin use in the neonatal intensive care unit. Pediatr Infect Dis J. 
2011;30:273–8.

 35. Vamsi SR, Bhat RY, Lewis LE, Vandana KE. Time to positivity of blood cultures in neonates. 
Pediatr Infect Dis J. 2014;33:212–4.

S. D. Baird



247© Springer International Publishing AG, part of Springer Nature 2018
J. B. Cantey (ed.), Neonatal Infections, https://doi.org/10.1007/978-3-319-90038-4_28

Immunizations in the Nursery

Johanna M. Ascher Bartlett

 Overview

Immunization is one of the most important tools of pediatric preventative care. 
However, a tremendous number of infants are at risk of not being up-to-date on their 
vaccines at the time of nursery discharge. For well newborns, approximately 
30–40% do not receive their birth dose of hepatitis B vaccine [1]. Under- 
immunization is even more common among preterm infants discharged from the 
neonatal intensive care unit (NICU); studies estimate that up to 50% of preterm 
infants are missing ≥1 immunization [2, 3].

Under-immunization in the nursery is problematic for several reasons:

 1. Missed opportunity to prevent vertical transmission (hepatitis B).
 2. Missed opportunity to prevent healthcare-associated infection (pertussis, 

influenza).
 3. Restrictions on live virus vaccines may prevent infant from ever receiving rota-

virus vaccine.
 4. Time delay between hospital discharge and first well-child visit as outpatient 

increases the time window during which the infant is at risk for preventable 
infections.

 5. Not giving immunizations on time in the nursery may “normalize” under- 
immunization to the family.

This chapter describes administration strategies for all routine childhood vac-
cines. In general, vaccines should be given at the normal chronologic ages to all 
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infants (i.e., not corrected [post-menstrual] age). A 2-month-old former 23-week 
infant who is now 32 weeks corrected is due for the 2-month immunizations!

 Hepatitis B Vaccine

Approximately 1000 new cases of perinatal hepatitis B virus (HBV) infection are 
diagnosed each year in the United States [4]. For neonates infected perinatally with 
HBV, more than 90% will become chronically infected, and >25% will develop 
hepatocellular carcinoma or liver cirrhosis [5]. In order to prevent perinatal infec-
tion, all pregnant women should be screened for the presence of hepatitis B surface 
antigen (HBsAg) in their blood prior to delivery (see chapter “Hepatitis B in the 
Perinatal Period”).

The hepatitis B vaccine is approximately 85–95% effective when given in the 
first 12 h of life [6]. In addition, hepatitis B immune globulin (HBIG) provides pas-
sive immunoprophylaxis to infants with known perinatal exposure to HBV.  The 
administration of hepatitis B vaccine, with or without HBIG, is determined by the 
infant’s weight and HBV exposure status. In general, all infants should receive hep-
atitis B vaccine as soon as possible after delivery (Table 1). Prompt immunization is 
key to prevent vertical transmission from HBV-infected mothers and will also help 
protect infants born to mothers whose HBV status is either unknown or falsely 
negative. However, infants <2 kg born to HBsAg-negative mothers should be immu-
nized at age 1 month—or at the time of discharge—in order to improve their immune 
response to immunization.

In addition to immunization, infants born to HBV-positive mothers should 
undergo confirmatory testing between ages 9 and 12 months, after completion of 
their three-dose hepatitis B vaccine series (at birth as well as ages 2 and 6 months). 
Providers should obtain HBsAg and anti-HBs to ensure that the infant is not infected 
(negative HBsAg) and has mounted a protective immune response. If the anti-HBs 
level is <10 mIU/mL, the infant is not considered protected and should receive addi-
tional dose(s) [7].

Table 1 Hepatitis B vaccine and immune globulin administration strategies

Maternal HBsAg 
status at delivery Hepatitis B vaccine Hepatitis B immune globulin
Positive Within 12 h Within 12 h
Negative ≥2 kg: Within 24 h Not indicated

<2 kg: At 1 month of age 
or discharge, whichever 
comes first

Unknown/
pending

Within 12 h ≥2 kg: If mother’s HBsAg test is positive OR 
at age 7 days or hospital discharge if mother’s 
HBsAg status still unknown
<2 kg: Within 12 h unless mother’s HBsAg 
testing is negative by then
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 2-, 4-, and 6-Month Vaccines

The collection of vaccines due at ages 2, 4, and 6 months accounts for the majority 
of immunizations administered in the NICU, and are second only to the hepatitis B 
vaccine in terms of total doses administered in US nurseries. These vaccines include 
diphtheria-tetanus-acellular pertussis (DTaP), inactivated polio virus (IPV), 
Haemophilus influenzae type b (Hib), and 13-valent pneumococcal vaccine (PCV- 
13). Rotavirus is included in the 2-4-6-month schedule but is discussed separately 
below.

Delay or absence of these 2-4-6-month vaccines accounts for a substantial frac-
tion of nursery under-immunization [3]. Providers are often concerned about the 
increased frequency of apneas and bradycardia surrounding immunizations. 
Randomized controlled trials have confirmed that immunization is associated with 
an increase in inflammation, including C-reactive protein and prostaglandins, which 
can trigger apnea, bradycardia, respiratory decompensation, and other signs of clin-
ical instability [8–10]. Unsurprisingly, the incidence of sepsis evaluations (e.g., cul-
tures and empiric antibiotic administration) more than triples in the 3 days following 
immunization as a result [10]. Therefore, providers may delay immunizations until 
the infants are older, larger, or closer to discharge. However, vaccine-preventable 
illnesses—most notably pertussis—are capable of causing fatal nosocomial infec-
tions [11]. In addition, immunization near the time of discharge can still cause tran-
sient inflammation, which is associated with discharge delays and readmission for 
apneic events [12]. Additionally, infants who are immunized late may acquire 
vaccine- preventable infections after discharge, but before they have mounted a pro-
tective antibody response [13].

In general, 2-4-6-month immunizations should be administered promptly (Box 
1). Rare exceptions can be made for infants being supported with noninvasive ven-
tilation with tenuous respiratory status, who may require re-intubation with further 
respiratory decompensation. However, these infants should be immunized as soon 
as is feasible. Of note, active or recent administration of glucocorticoids does not 
seem to meaningfully affect vaccine response and is not a reason to delay immuni-
zation [14, 15]. Routine administration of antipyretics (e.g., ibuprofen, acetamino-
phen) has been associated with decreased antibody response to immunizations in 
infants and should be avoided in general [16].

Box 1 Approach to 2-, 4-, and 6-Month Vaccines in Preterm Infants
Immunizations should be given promptly at age 2, 4, and 6 months for all 
preterm infants

• Active or recent corticosteroid use does not meaningfully affect vaccine 
response

• Routine use of acetaminophen or ibuprofen post-immunization can reduce 
vaccine response and should be avoided

Immunizations in the Nursery
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 Rotavirus Vaccine

Rotavirus vaccine, a live-attenuated virus vaccine, is indicated at ages 2, 4, and 6 
months. Since live-attenuated viruses can be transmitted horizontally, and because 
wild-type rotavirus is associated with necrotizing enterocolitis and other intra- 
abdominal pathology among neonates [17, 18], the majority of neonatal providers 
historically have been hesitant to adopt routine administration of this vaccine in the 
nursery [19]. Unfortunately, the first dose of rotavirus vaccine must be administered 
by age 104 days (<15 weeks), and therefore many infants are too old for rotavirus 
immunization by the time of NICU discharge [20]. This is concerning, as preterm 
infants have a higher risk of hospitalization and death from wild-type rotavirus 
infection than term infants [21]. Infants with congenital gastrointestinal pathology 
or short-gut syndrome are also especially vulnerable to rotavirus [22]. Fortunately, 
safety data for the rotavirus immunization in the NICU continues to grow.

 Safety Profile

Current studies suggest that there is no increased risk for feeding intolerance, nec-
rotizing enterocolitis, or poor weight gain following rotavirus immunization  

• Combination vaccines (e.g., DTaP/IPV/hepatitis B) have similar safety 
profiles to individual vaccines and can be used to minimize required 
injections

• Live-attenuated oral rotavirus vaccine should be included in the 2-4-6- 
month schedule

Absolute contraindications:

• Anaphylaxis to a vaccine component (not reported in preterm infants)
• History of intussusception (rotavirus)

Post-immunization monitoring

• Vaccine-associated eventsa occur within 72 h of immunization
• Sepsis evaluations—but not sepsis risk—increased within 72  h of 

immunization
• Discharge <72  h post-immunization associated with increased risk for 

readmission

aApnea, bradycardia, desaturation, respiratory decompensation, tempera-
ture instability, feeding intolerance
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[23, 24]. This remains true for infants with congenital gastrointestinal anomalies or 
short-gut syndrome [25, 26]. A history of intussusception is an absolute contraindi-
cation to rotavirus vaccine for all infants, but rotavirus vaccine-associated intussus-
ception has not been reported in preterm infants.

 Shedding

Immunized infants begin shedding vaccine-strain rotavirus within 24 h of immuni-
zation. Shedding lasts for up to 2 weeks, with a median of 8 days with the first dose 
of rotavirus vaccine and 5 days after the second [27]. With proper handwashing 
hygiene, transmission between immunized and unimmunized infants should not 
occur [27]. In a study of preterm twins, in which one twin was immunized with 
rotavirus and the other was not, 29% of the unvaccinated twins acquired rotavirus 
immunity, but none had clinical signs of infection [28]. Illness from horizontal 
transmission of the vaccine strain has not been reported in the nursery setting and is 
extremely rare in older children [29].

In conclusion, the limited available evidence supports routine rotavirus immu-
nization in the NICU setting. Standard precautions, including close attention to 
handwashing hygiene, are sufficient; contact precautions are not necessary post-
immunization.

 Influenza Vaccine

 Infants Age ≥6 Months

Influenza immunization should be given for all infants age ≥6 months. As with any 
infant, preterm infants receiving their first dose of influenza vaccine should receive 
a second dose 1 month later [30]. The same risk exists for post-vaccine events fol-
lowing influenza vaccine as after 2-4-6 month vaccines.

 Infants Younger Than Age 6 Months

Although there is no formal recommendation to administer influenza vaccine to 
infants age <6 months, there are units that will selectively administer influenza 
vaccine to high-risk infants (e.g., those with severe bronchopulmonary dysplasia, 
congenital heart disease, or immunodeficiency) before discharge, even if age <6 
months; this approach has not been rigorously studied [31]. A more proven 
approach to infants age <6 months is passive protection from maternally derived 
antibody. Immunization of pregnant women against influenza prevents more than 
50% of influenza-associated morbidity among their infants during the first 6 
months of life [32].
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 Palivizumab Prophylaxis

Palivizumab (Synagis®) provides passive protection against lower respiratory tract 
infections caused by respiratory syncytial virus (RSV). Palivizumab is a monoclo-
nal antibody against a surface glycoprotein on RSV that causes fusion with respira-
tory epithelial cells [33]. By blocking the F (fusion) protein, palivizumab can 
prevent infection with RSV. However, once RSV infection is acquired, the virus can 
spread cell to cell without relying on the F protein, so palivizumab is minimally 
effective for treatment of RSV infection.

Palivizumab is given as monthly 15 mg/kg intramuscular injections during RSV 
season. This regimen reduces RSV-related hospitalizations by >50% and clinic vis-
its by >80% [34, 35]. However, due to the cost of palivizumab (approximately 
$9000 per patient per season) and the relatively mild benefit seen in larger preterm 
infants, the most recent recommendations from the American Academy of Pediatrics 
narrowed the range of infants for whom palivizumab is recommended [36]. The 
current recommendations are summarized in Table 2.

At present, palivizumab is not recommended for prevention of hospital-acquired 
RSV and therefore is not recommended for infants with ongoing NICU admission. 
Many NICUs will administer the first dose of palivizumab near the time of hospital 
discharge; however, evidence supporting NICU administration of the first dose 
rather than outpatient administration is limited [37]. In contrast to vaccines, palivi-
zumab administration does not seem to be associated with a subsequent increase in 
cardiopulmonary events.

Table 2 Recommendations for palivizumab prophylaxis in the first 2 years of life, adapted from 
reference 36

Indication
First year of 
life Second year of life

Gestational age ≤28 weeks Yes Yes, if BPD still being 
treateda

Gestational age 29–31 weeks with BPDb Yes Yes, if BPD still being 
treated

Gestational age 29–31 weeks without BPD No No

Gestational age ≥32 weeks No No

Hemodynamically significant congenital heart diseasec Yes No
Severe pulmonary or neuromuscular disease that 
impairs airway clearance

Yes No

Profound immunocompromised Yes Yes

BPD bronchopulmonary dysplasia
aOngoing treatment including systemic corticosteroids, supplemental oxygen, or bronchodilators 
within 6 months of the start of RSV season (which is generally November in the United States)
bBPD defined as requirement for supplemental oxygen ≥28 days after birth
cIncludes acyanotic heart disease requiring medication and/or surgical correction, moderate to 
severe pulmonary hypertension, and cyanotic heart disease. Does not include hemodynamically 
insignificant acyanotic heart disease or lesions that have been successfully surgically corrected
dNo standard definition; generally includes severe combined immunodeficiency, DiGeorge syn-
drome, etc. Best determined in consultation with pediatric immunology providers
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