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Infections of the Newborn 

General Considerations 

Newborns are special! They are exposed to several diverse environments 
during their intrauterine, perinatal, and postnatal lives. Because of this, 
and their relatively immature state of physical and immunological de
velopment, they have infectious disease problems that deserve special 
emphasis. In fact, there are textbooks exclusively devoted to infectious 
diseases of the fetus and newborn. Do not worry, this chapter will not 
attempt to be comprehensive in every detail, but rather focus on the 
commonest problems. 

Newborn Environments (Fig 3-1) 

The first world the fetus encounters is unique in several aspects. 

Intrauterine. The ideal isolation room-or is it? There is no problem 
with airborne infection and direct contact with infected persons is. im
possible. Maternal immunity is altered so that tolerance is pronounced, 
allowing the fetus to persist without immunologic challenge, in most 
cases. Contact between the mother's environment and the fetus is main
tained and controlled via the placenta and umbilical cord, which are 
generally effective in limiting in utero antigenic exposure of the fetus. 
Nevertheless, breakthroughs occur. A common example is congenital 
cytomegalovirus infection, probably the most frequent congenital infec
tion. Other maternal infections in the first trimester (e.g. influenza, mea
sles, tuberculosis, etc.) have been associated with abortion and fetal death. 
These severe outcomes may be nature's way of avoiding horrendous 
congenital anomalies. In fact, these infections can be likened to lethal 
mutations, since they occur so early in embryonic development. 
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Figure 3-1. Summary of 
risks of infection and de
fense mechanisms involved 
at various stages of the in
fant's development. 

In the second and third trimesters the environment seems to offer 
better protection to the fetus, as abortions become less common even in 
the face of similar infectious disease exposures. This is probably due to 
improved ability of the mother's placenta to protect the fetus from in
fection and, more importantly, to the fetus' more advanced development 
and maturing defense mechanisms. In fact, differentiation of the immune 
system begins in utero during the eighth to twelfth weeks of gestation 
and the fetus is capable of specific immune responses, including pro
duction of IgG, from the twentieth week of gestation.50.337 

In the third trimester the environment continues to protect as long as 
the amniotic membranes are intact and the mother remains reasonably 
healthy. Although these membranes normally maintain the amniotic cavity 
in a sterile condition, they are not absolutely impermeable barriers and 
the fluid may become colonized by vaginal flora in some circumstances, 
even if the membranes are apparently intact. 328 The other portal of entry 
to this environment is via the fetus. Thus, systemic maternal infection 
transferred to the placenta and to the fetus (e.g., rubella, cytomegalovirus, 
etc.) can then seed the amniotic fluid by shedding or excretion from the 
fetus. These viruses have occasionally been recovered by amniocentesis 
in the third trimester. 110 

Birth. The big event! An abrupt change in the infant's environment occurs 
at the time of birth. Amniotic membranes rupture and the infant is 
precipitously exposed to vaginal, perineal, and environmental flora. Sud
denly he must cope with a variety of organisms, which occasionally include 
serious invaders such as group B Streptococcus, Escherichia coli, and Staph
ylococcus. Occasionally we add to the risk of infection by birth trauma 
(e.g., lacerations and cephalohematoma) and fetal monitoring devices.7 
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The newborn's bacterial flora initially colonizes the skin and mouth 
and is acquired from the maternal genital tract. 169 It is not unusual to 
see Candida albicans or Streptococcus agalactiae (group B) in these sites in 
the infant when the mother is colonized with these organisms. Patterns 
of colonization vary considerably depending on characteristics of the 
mother (i.e. maternal vaginal flora), obstetric and newborn units (i.e. 
environmental flora, crowding), breast-feeding, use of antibiotics (i.e. 
selection of resistant bacteria), and bathing and cord-care practices. For 
example, castile soap has little effect on S. aureus or gram-negative bac
terial colonization, while triple dye is highly active against staphylococci 
but is less effective against group B streptococci and gram-negative bac
teria than silver sulfadiazine.43,410 

Generally, Staphylococcus epidermidis colonizes the skin, and a mixture of 
aerobes (Streptococcus viridans) and anaerobes (most cocci) colonize the 
mouth and then the upper respiratory and gastrointestinal tracts,7,69 The 
umbilicus is frequently colonized by Staphylococcus aureus. In one study of 
normal breast-fed newborns, 22% were colonized by S. aureus at that site 
on the first day of life and 87% by the sixth.372 In breast-fed infants the 
predominant fecal organisms by the first week of life are anaerobes in
cluding bifidobacteria, Bacteroides, and clostridia; enteric bacteria and 
enterococci are also common. In bottle-fed babies, E. coli and Lactoba
cillus predominate.481 Infants born by cesarean section may acquire ma
ternal flora more slowly and may be prone to acquire the flora from the 
nursery environment as well. 

Maternal genitourinary colonization with Mycoplasma hominis and Urea
plasma urealyticum may spread to the newborn,396 and occasionally cause 
disease,4oo but much remains to be learned about these pathogens in the 
perinatal period.436,437 

Premature newborns in intensive care nurseries are frequently exposed 
to antibiotics. They have little bacterial colonization for the first few days 
and thereafter acquire a mixed flora including gram-negative patho
gens.413 

The Nursery. This new world consists of many different environments. 
First consider the normal newborn. He is in a relatively pathogen-free 
environment in the normal newborn nursery and at home. He is protected 
in most circumstances from contact with individuals with obvious infec
tious diseases and seldom exposed to antibiotics. Acquired respiratory 
viral infection is probably the most common infectious threat in these 
environments and can be limited by careful screening of the infant's 
contacts. Contrast this with the ill newborn admitted to the intensive care 
unit. This is a more densely populated area, with pathogenic microor
ganisms carried not only by nursery mates, but also by staff, and on 
surfaces and equipment.56,138 Crowding, low caretaker/patient ratio, poor 
ventilation, use of antibiotics, and underlying medical and surgical con-
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ditions are all factors that increase the likelihood of abnormal colonization 
and infection in these newborns. 167 The nosocomial infection rate in many 
of these units is among the highest in the hospital. Rates of 20-30% are 
not unusual, and often include outbreaks of infection that spread rapidly 
through this closed population.211 Frequent causes are S. aureus, Enter
obacteriaceae, and respiratory and gastrointestinal viruses. IOO•106 

Immunity 

Newborns are immunologically immature, development of host defenses 
being directly related to gestational and postnatal age. Almost all im
munologic parameters measured are relatively reduced in newborns when 
compared with adults.310 Thus, although the ability to produce immu
noglobulins is present, the speed and magnitude of this humoral antibody 
response are lower than in older children.2 IgA is the least developed 
response among the humoral globulins, an adaptation possibly related 
to the role of maternal breast milk in supplying gastrointestinal and 
respiratory defenses via colostral and milk IgA and other immunoglob
ulins of this class passively transferred to the infant. 166 The more prevalent 
the communicable enteric and respiratory infections are in the commu
nity, the more useful is breast-feeding as a preventive modality.335 

The humoral immune compartment is relatively deficient in comple
ment,472 the alternate complement pathway,312 and immunoglobulins. 
Many of these act as opsonins or enhancers of phagocytic function. Their 
subnormal function compounds the other abnormal features of newborn 
phagocytes: adherence,25o deformability, chemotaxis, phagocytosis, and 
microbicidal activity.386.394.442 These deficiencies also involve the resting 
macrophage system, and are affected by. the route of delivery of the 
newborn. 152 The net effect of this immunologic immaturity is an increased 
susceptibility to infection. For example, newborn animals are less resistant 
to experimental herpes simplex infection than adults, a susceptibility that 
can be reversed by i~ections of adult peritoneal macrophages before 
infection. 144.227 

Cell-mediated immune functions are also undergoing dramatic changes 
in the newborn. Initially, suppressor T-cells predominate and the infant's 
immune system is tolerant, like his mother's. They are then replaced by 
stimulator (helper) T-cells, which enhance both B- and T-cell re
sponses.313 

Female newborns are less commonly infected and recover more readily 
than males. Immunoregulatory genes on the X chromosome may be partly 
responsible by contributing to higher IgM concentrations and better 
humoral responses of female infants.359 

Consideration of the immune defenses of the newborn is incomplete 
without some appreciation of anatomic defenses. The infant has less 
temperature control, less well-developed nasal and sinus systems, and an 
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immature mucociliary system. His growth is at a rapid stage and seems 
particularly susceptible to colonization and invasion by certain pathogens, 
such as Listeria monocytogenes, group B streptococci, Chlamydia, and Staph
ylococcus. The umbilical stump may provide a ready entry point for 
bacterial invasion in normal newborns. In others, there may be abnormal 
sites created iatrogenically, e.g., by circumcision, heel sticks, endotracheal 
tubes, catheters, etc. Avoiding these hazards is only one of the factors 
that prevent infection in this highly susceptible host (Table 3-1). 

Clinical Manifestations 

In addition to particular environmental exposures and immature im
munity, a newborn is peculiar in his clinical responses to infectious dis
eases. Thus the signs of infection are often nonspecific, e.g., irritability, 
poor feeding, abnormal tone, poor temperature control, acidemia, apnea, 
jaundice, etc. Because of the nonspecific nature of these signs and the 
seriousness of newborn infections, sepsis is widely, but appropriately, 
overdiagnosed and overtreated in the newborn. 

Thus the newborn is a special person. His environments are different, 
his immunity is different, and he manifests infectious diseases in a non
specific fashion. It is no wonder some consider the study of neonatal 
infectious diseases a separate specialty. 

Congenital and Perinatal Infections 

Cytomegalovirus 

Epidemiology. Cytomegalovirus (CMV) is the most frequently recog
nized congenital infection and the most common infectious cause of 
mental retardation. The incidence of CMV infections varies considerably. 
In North American populations virus is present in cervical secretions and 
urine of approximately 5% of mothers in the third trimester, and is also 
present in breast milk and in semen. 136 A much smaller percentage of 
newborns acquire virus (estimated 0.2-8%). We recently encountered 

TABLE 3-1. Factors Involved in Protecting Newborns from Infection 
in Early Infancy 

Maturation of host defenses and acquisition of normal flora 
Control of exposure to pathogens (hygiene/contacts) 
Avoidance of predisposing factors (prematurity, surgery) 
Transplacental immunity 
Breast milk 
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five newborns during 6 months with symptomatic congenital CMV in
fection. 264 In contrast, Larke et al. reported only four symptomatic new
borns among the 64 congenitally infected subjects detected in a survey 
of 15,212 births during a period of 44 consecutive months.260 These data 
are reminiscent of those reported for carriage, colonization, and infection 
rates with several well-known bacterial pathogens as well, e.g., Strepto
coccus group B, E. coli, and S. aureus. 

This DNA virus is a member of the herpesvirus group and is often 
present in a latent form or is asymptomatically excreted by seropositive 
subjects. The exact site oflatency is unknown, but thought to be in blood 
leukocytes. Blood containing antibody to CMV should be considered 
infectious. In fact, congenitally infected infants continue to excrete virus 
despite the presence of high antibody titer. 158 Since transfusion-acquired 
CMV disease (hemolysis, hyperbilirubinemia, and hepatosplenomegaly) 
can be a problem for newborns and immunosuppressed hosts, it is ad
visable to test newborns for CMV antibodies and transfuse only appro
priately matched blood.9 Alternatively, CMV-antibody negative, or frozen, 
deglycerolyzed erythrocytes may also carry less risk of posttransfusion 
CMV infection.441 Posttransfusion-infected infants may be a source of 
infection for their mothers as well.475 Antibody may be present in up to 
50% of North American women during their fertile years, in 90-100% 
of mothers in developing countries, and in young unmarried women with 
many sex partners. In fact, mothers of infants excreting CMV are pre
dominantly young, unmarried, and pOOr.259 Most commonly, the virus is 
excreted in the urine, cervical secretions, semen, and breast milk.126 Op
portunities for venereal spread are frequent. Although primary maternal 
infection during the first and second trimesters are of most concern, 
symptomatic congenital infection has also been documented after reac
tivation of infection in the mother. 10 

Clinical Manifestations. When CMV is acquired during pregnancy, the 
effects are variable. Primary infection with a large number of viruses at 
a critical stage of fetal development causes the most severe consequences. 
Early in pregnancy this might be abortion, and later, severe congenital 
anomalies (Fig. 3-2). Although congenital inf~ction has been reported 
in the offspring of mothers who had previous humoral immunity to CMV 
(reactivation), these infants do not usually have symptomatic disease.418 

The outcome of symptomatic congenital CMV infection is grave. A 
group of 33 such patients were followed for a mean of 4 years (9 months-
14 years).343 Ten died and 21 had neurologic or auditory handicaps. 
Microcephaly and mental retardation were present in 70 and 61 %, re
spectively. The future is much brighter for normal newborns found to 
be asymptomatically excreting CMV, although 10-20% may have intel
lectual or perceptual deficits}99.42o Thus, it appears that reactivation (or 
superinfection) during pregnancy is less hazardous to both the mother 



Figure 3-2. Severe microcephaly in a 
newborn with congenital cytomegalovirus 
syndrome. 
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and the infant than primary infection. Alas, it is not that simple. It is 
becoming apparent that there is considerable antigenic variation among 
different isolates of CMV.458 It is possible that immunity is more strain
specific than we had previously imagined and that reactivation may ac
tually represent infection with an antigenically different virus. This may 
explain the rare occurrence of congenital CMV infection in consecutive 
offspring. 137 Long-term followup studies and reanalysis of many sero
epidemiologic observations are necessary in light of these findings. 

The classic features of severe congenital CMV infection include mi
crocephaly and intracranial calcifications (Table 3-2). The infant may be 
small for gestational age and/or premature, but this is not seen in all 

TABLE 3-2. Congenital CMV 
Infection 

Microcephaly 
Periventricular calcifications 
Hepatosplenomegaly 
Jaundice 
Pneumonia 
Petechiae 
Deafness 
Chorioretinitis 
Optic atrophy 
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cases. Other common features of this syndrome can also be seen in several 
of the other congenital virus infections to be discussed below. These are 
hepatosplenomegaly, jaundice (often with a predominant direct com
ponent), thrombocytopenic purpura, and chorioretinitis.340 Other eye 
problems include microphthalmia; optic nerve hypoplasia; and atrophy, 
coloboma, and cataracts. 154 These abnormalities are usually noted within 
the first 48 h in severely affected infants. Others have hepatospleno
megaly, hyperbilirubinemia, and thrombocytopenia in the first or second 
week of life. In both cases the infant is usually excreting large amounts 
of virus in the urine and smaller amounts are present in the throat. 
Inguinal hernias in males and dental enamel hypoplasia have also been 
reported.419 

Diagnosis. If freshly inoculated into tissue culture, cytopathic evidence 
of this virus is often present within 24-72 h. More rapid diagnosis can 
be made by examination of the urine by electron microscopy and visu
alization of herpes group virus particles.267 Examination of the placenta 
for histopathologic evidence of villitis or chorioamnionitis, intranuclear 
and intracytoplasmic inclusion bodies, giant cells, and/or CMV antigen 
detected by immunofluorescent staining are useful procedures as well 
(Fig. 3-3). If positive, they can provide early clues to the diagnosis of 
congenital CMV. Some cases of congenital infection may also be sug
gested by the presence of IgM specific antibody in cord serum, a finding 
that also implies a poor prognosis. 176 

Postnatal Infection. Acquired CMV infection can also cause lymphad
enitis or infectious mononucleosis in early infancy and later life.36 A 
syndrome of pneumonia, hepatosplenomegaly, and atypical lymphocy-

Figure 3-3. Cytomegalic inclusion bodies in lung of a congenitally infected newborn. 
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tosis has also been reported in infants, with CMV the culprit; this may 
also be transfusion-related,197 but is most likely to be acquired via breast 
milk or maternal secretions in small premature infants with seropositive 
mothers.477 In addition, CMV has been implicated as a component of 
mixed infection in the lung, e.g., with Pneumocystis carinii and Chlamydia 
trachomatis. 48 Day-care centers may be a frequent source of postnatally 
acquired CMV infections, the vast majority of which are asymptomatic. 342 

Prevention and Therapy. The diagnosis of this congenital infection is 
important for prognostic reasons, to determine the frequency and em
phasis of followup, for genetic counseling, and, hopefully, for specific 
therapy in the future. Although vaccines l98 and antiviral therapy412 are 
under study, neither approach appears imminently successful at this time. 
Isolation of infected newborns is important to prevent spread of virus to 
susceptible contacts;411 precautions when contacting wounds, skin, and 
oral surfaces (Chapter 13) are recommended since virus is present in 
urine, saliva, and breast milkl24 and spread by direct contact. Nosocomial, 
nonparenteral spread was recently reported in four infants in a neonatal 
intensive care unit, two of whom died. 182 Pregnant individuals should be 
particularly careful to avoid contact with these babies. Personnel working 
in newborn, transplantation, and oncology units should be tested ser
ologically. If susceptibility is demonstrated (e.g., by lack of fluorescent 
antibody), extreme caution is urged during pregnancy. Both primary and 
recurrent CMV infections have been associated with congenital infection, 
and indications for termination of pregnancy after primary maternal in
fection are unclear. 345 

Congenital Rubella 

Epidemiology/Pathogenesis. Maternal infection with rubella virus can be 
disastrous for the developing fetus. The danger period begins 2-3 weeks 
before implantation and is maximal (up to 80% congenital infection) in 
the first 12 weeks of pregnancy.309 The earlier the infection occurs, the 
more likely it is that the fetus will be seriously injured. Maternal infection 
after the first trimester may still result in mild neurologic defects manifest 
as learning and cognitive disabilities.20o Most of these maternal infections 
are primary, but late-onset congenital rubella syndrome has also been 
described after reinfection during pregnancy.271 

If the mother is infected with rubella before or around the time of 
conception, the consequences are probable interference with implanta
tion, markedly abnormal cell division in the young embryo, and abortion. 
The mother may be unaware of these events. Rubella in the first 6 weeks 
of gestation results in cataracts, congenital heart disease (especially le
sions of the pulmonary arterial system and patent ductus arteriosus), and 
deafness in the majority of infants.205 Often these defects are present at 
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birth or shortly thereafter, however deafness may not be appreciated 
early on but may become obvious during the first 2 years of life. 

Clinical Manifestations. Consequences of rubella in the fetus are diverse 
and reflect viral infection of many tissues (Table 3-3). Jaundice, hepa
tosplenomegaly, thrombocytopenia, cataracts, and deafness are common 
(Fig. 3-4). Defects range from impairment of the cell-mediated immune 
system77 to multiple endocrinopathies78.162.357.483 and hematologic abnor
malities.314 Growth retardation, which is often reflected by small stature 
in later life, may be due to inhibition of cell division in the most rapid 
developmental stages, but may also reflect growth hormone defi
ciency.269.357 Similarly, both generalized hematologic depression and au
toimmune hemolytic anemia have been reported.314 

Decreases in antibody titer and failure to respond to booster immu-

TABLE 3-3. Possible Newborn Consequences of 
Maternal Rubella Infection During Pregnancy 

Age of Newborn at Onset of Signs of Congenital Infection 

Early (0-1 month) 
Growth retardation 
Congenital heart defects 
Deafness 
Cataracts 
Thrombocytopenia 
Hepatosplenomegaly 
Chromosomal abnormalities21 

Osseous lesions (mostly metaphyseal)388 
Jejunal atresia '39 

Renal anomalies305 

Hypoplasia of aorta3<l9 
Late (1-6 months) 

Interstitial pneumonia 
Skin rash292 

Diarrhea 
Hypogammaglobulinemia 

Very late (months-years) 
Progressive encephalitis444 

Diabetes mellitus 
Thyroiditis 
Myxedema27 

Growth hormone deficiency 
Enamel defects in deciduous teeth l79 

Glaucoma59 

Loss of rubella antibodylOl 
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Figure 3-4. Congenital rubella. Note jaundice and petechiae. 

nization have been reported in 18% of children with congenital rubella 
who reached their fifth birthdays.lol It is unclear whether this represents 
immune tolerance or merely reflects a lack of sensitivity of the rubella 
serologic test. Interplay of genetic and infectious etiologies is witnessed 
by the fact that the children with congenital rubella syndrome who de
velop early-onset diabetes mellitus have an increased prevalence of HLA 
antigens DRw3 and DRw4, which are classically associated with diabetes 
in other children. 162 These children also have increased levels of circu
lating islet cell antibody, probably reflecting injury to pancreatic cells by 
rubella virus. Some of the very late congenital rubella manifestations 
(which occur from 3 to 10 years of age) have been thought to be due to 
autoimmune phenomena documented, in part, by the detection of cir
culating immune complexes.434 Whether this is cause or effect is not clear. 

Neurologic sequelae can be extremely variable (e.g., gross mental re
tardation and aqueductal stenosis).382 Some children have major neuro
logic impairment in early infancy. In others, motor delays and poor 
balance and coordination become evident in the first 2 years of life. In 
still others, behavior problems, learning deficits, and progressive hearing 
loss can develop at up to 10 years of age; 116 some of these children may 
have progressive rubella pan encephalitis , a syndrome characterized by 
spasticity, ataxia, intellectual impairment, and chronic brain changes sim
ilar to those described in subacute sclerosing panencephalitis due to 
measles.443 An immune pathogenesis has been suggested, partly sup
ported by the demonstration of immune complexes in the serum and 
cerebrospinal fluid (CSF) of two patients. 105 

Diagnosis. Culture of rubella virus from amniotic fluid or fetal specimens 
is diagnostic, although rarely obtained.270 Postnatally, rubella virus is 
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present in the infant's throat and urine for months and even years.393 
Virus can also be found within tissues years after congenital infection.304 
Three to five days, and occasionally longer, may be required for virologic 
diagnosis. 

Serologic evidence of infection is usually obtained by comparing the 
hemagglutination-inhibition antibody in the mother's and the infant's 
sera at the time of birth. Congenital rubella is suggested if the newborn's 
sera has a titer fourfold or greater than the mother's or if both have high 
titers. If the infant's antibody is predominantly of the IgM class, this is 
also presumptive evidence of congenital infection, particularly if the pres
ence of rheumatoid factor is ruled OUt.446 

Prevention. Although much effort has been spent in the development of 
rapid tests for this diagnosis in the newborn, it seems an unfortunate 
emphasis. There is little one can do to prevent the destructive effects of 
rubella virus. The diagnosis should be suspected on the basis of knowing 
the seroimmune profile of the mother well before birth. Armed with this 
information, the physician will be in a much better position to detect 
infection during pregnancy or to immunize the mother in the immediate 
postpartum period. Although this procedure has occasionally led to ac
quired rubella in the newborn, the disease is mild if acquired postna
tally.259 

The risk of rubella vaccination around the time of conception deserves 
comment. Vaccine manufacturers recommend avoiding conception for 3 
months after immunization with rubella virus. Some of the early vaccine 
strains were shown to infect the placenta and were even cultured from 
aborted products of conception. The RA 27/3 vaccine currently available 
in the United States is apparently much less teratogenic than previous 
vaccine strains. Despite careful followup of 15 pregnant women who 
inadvertently were vaccinated with this vaccine strain during the first 
trimester of pregnancy, all offspring were normal and no virus could be 
recovered from infants or other tissues.82 Thus, accidental vaccination 
with RA 27/3 rubella vaccine during pregnancy is not an indication for 
therapeutic abortion. Similarly, spread from vaccinee to contacts is of 
very little consequence. There is no problem, therefore, in vaccinating 
young children whose mothers or schoolteachers may be pregnant. 147 

I hope the above discussion becomes one of historical interest in the 
coming years, considering the preventability of this condition. Adequate 
rubella immunization of the young female population before conception 
combined with careful serologic screening programs can with rare ex
ception prevent congenital rubella.341 Standard gynecologic and obstetric 
care should include rubella screening and immunization. In many com
munities, pediatricians, family practitioners, and generalists have taken 
the lead and are stimulating efforts to strengthen serologic screening and 
rubella immunization procedures for girls approaching puberty. Rubella 



Congenital and Perinatal Infections 135 

vaccines are well tolerated and provide long-standing immunity. Our 
challenge is to use them effectively. 

Congenital and Perinatal Herpes Simplex Infections 

Herpes simplex virus is closely related to another DNA virus, CMV, in 
many of its characteristics, including its propensity for latency, reactiv
ation, and genital and congenital infection. Some feel these are "sister" 
viruses-a good sister in some respects and an evil one in others. For 
example, herpes simplex is less likely to invade the maternal bloodstream 
and induce placentitis and gross fetal abnormalities; however, if acquired 
during or shortly after birth, infection often may be fatal. Defective an
tiviral cellular immunity appears to be a major factor determining the 
severity of these infections in newborns.248 

Clinical Manifestations: Adult. Herpes simplex infection in the adult is 
manifest mainly as mucocutaneous lesions in and around the mouth and 
eyes due to type 1 virus, and genital lesions due to type 2. These are 
usually vesicles or shallow ulcers and are recurrent in many patients. 
Primary herpetic infection in the mother seems most dangerous to the 
developing fetus. This is likely to be due to type 2 virus since the majority 
of primary type 1 infections occur in preschool or young children, many 
of whom are asymptomatic. Primary type 2 infections are generally as
sociated with sexual activity. 

Congenital Infections. Herpes simplex virus infection can invade the 
mother's bloodstream, placenta, and fetus. 15 This may result in abortion 
in the first trimester and, occasionally, congenital malformations similar 
to those seen for the more classic teratogenic viruses.148.349 Thus, gross 
neurologic abnormalities, chorioretinitis, and, occasionally, hepatosple
nomegaly and hematologic abnormalities have been reported. Both abor
tion and congential abnormalities are seen much less frequently than 
with CMV or rubella. 

Neonatal Infection: Epidemiology. Active herpes simplex infection in the 
mother's genital tract or perineum, and much less rarely at other sites 
in the body, poses a serious threat to the newborn.67,149 Perina tally ac
quired infection may occur with intact fetal membranes. 185 Although ma
ternal genital infection is the most common source, the virus may oc
casionally be acquired via breast milk (the highest risk is probably in 
primary maternal infection,122 fetal-monitor scalp electrodes,165 and from 
other infants, mothers, and personnel) .149,274 

Maternal genital infection may consist of primary or recurrent lesions, 
although the story is not clear in this respect. Originally it was thought 
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that primary infections were most important, and that the newborn who 
did not acquire immunity from the mother would be at highest risk. The 
presence of serum neutralizing antibody has recently been correlated 
with herpesvirus neutralization by amniotic fluid, which may partly explain 
the rarity of perinatal herpesvirus infections despite the frequency of 
maternal infection.66 Then evidence seemed to point against the validity 
of this theory, as preexisting antibody, indicating prior infection with 
herpesvirus, was found in some infected infants, and seemed to offer 
little protection against progressive infection. The plot thickened when 
different types of herpesvirus were described, leading to new speculation 
that type-specific antibody might be critical. Now we are becoming aware 
of strain differences among viruses of the same type. This is a conse
quence of specific DNA nucleotide sequences contained in each herpes
virus. l90 There may be enough strain-to-strain specificity to explain the 
presence of antibody in some of the infants without protection. My own 
bias is that recurrent infection with an identical strain is unlikely to invade 
and progress in the newborn since the mother will have had considerable 
exposure to this strain and should have transmitted some immune pro
tection to her offspring.454 A new strain, although of the same type, would 
present an intermediate risk to the newborn. A new type of herpesvirus 
would present the highest risk, particularly in subjects without prior 
infection with either type. Considering the complexity of the problem 
and the theoretical nature of these comments, the safest course would 
be to assume that all herpes simplex viruses, when present, pose a risk 
to the fetus and newborn. Thus, special precautions and interventions 
may be required (see Treatment below). 

Diagnosis. Herpes simplex infections are relatively easy to diagnose. It 
is one of the fastest growing and hardiest viruses around. Most virus 
laboratories can give the clinician an answer within 24-48 h, if the spec
imen is rapidly transported and inoculated into fresh tissue culture of 
epithelial origin. Use of cotton swabs stored at refrigerator temperature 
is best if any delay is anticipated.55 The diagnosis can also be made by 
serologic means, and is suggested by Papanicolaou smear, examination 
of the placenta, and direct fluorescent antibody examination of epithelial 
cells from the infant or the mother. 15 Unfortunately, Papanicolaou smears 
miss about one-quarter of virus-positive cases.67 Examination (Tzanck) 
of the base of a vesicular lesion may show giant cells and intranuclear 
inclusions, also hallmarks of herpes simplex infections. These are difficult 
to see and their absence cannot be relied upon to rule out the diagnosis. 
Central nervous system (CNS) or visceral infection without skin lesions 
usually requires biopsy for early diagnosis, although glycoprotein antigen 
excretion may provide a noninvasive, albeit indirect, diagnostic test in 
the future. 

The infected mother or father and newborn can often be recognized 
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by the presence of skin vesicles. 180 At other times, it is not so easy.4 The 
usual scenario related to herpes simplex infections in newborns takes 
place in the peripartum period. The mother may have recurrent or pri
mary herpes genitalis in the third trimester. The alert obstetrician is 
aware of the risks in newborns and considers some intervention. The 
best way to handle this is to culture prospectively the site of infection in 
the mother during this trimester. If labor begins while the mother is still 
excreting virus, the infant should be delivered by cesarean section and 
an attempt made to interrupt direct contact between mother and infant 
for at least a 4- or 5-day period. Then, if the mother is still excreting 
virus, specific advice should be based on viral cultures and neutralizing 
antibody studies of the infant and the mother. Whatever the decision, 
mother should be cautioned to use scrupulous hygienic technique to 
prevent spread by direct contact.67 ,241 

Neonatal Infection: Clinical Manifestations. Infection in the newborn may 
take many forms and occur any time during the first month oflife (average 
16 days). This ranges from isolated skin lesions to disseminated infection. 
Unfortunately, the latter may occur without any mucocutaneous lesions.25 

Skin lesions may be single or diffuse and even zoster-like.325 They may 
remain localized in some of these infants, and recurrent skin lesions are 
common.215 Progression of the disease from isolated skin lesions occurs 
in approximately 70% ofinfants.468 Dissemination often involves lungs,175 
liver (metabolic effects may include hyperammonemia),41 spleen, and CNS 
including eye (chorioretinitis). Conjunctivitis and keratitis may be present 
as part of generalized infection, or as the only site of involvement. 13 The 
virus can frequently be isolated from the CSF in these cases and, even 
more frequently, from infants with localized CNS infection. Mortality in 
herpes neonatorum may be as high as 60% and at least half of the 
survivors may have neurologic or ocular sequelae. Fulminant infection 
with necrotizing vasculitis and disseminated intravascular coagulation may 
also be seen.349 

Treatment. The best tactic is prevention. Pooled adult human globulin 
may be helpful. Adults have relatively high circulating antibody levels for 
both types 1 and 2 herpes simplex virus. The protective effect of such 
material is still in question, but judging the complexity of the host-parasite 
interactions mentioned above, and the safety of the procedure, we usually 
recommend the use of y-globulin in documented perinatal and postnatal 
exposures.283 Once the infant is born, and there is any evidence of herpes 
simplex infection, the clinician should act quickly. Baseline studies should 
be carried out to assess the degree of involvement. This includes ex
amination of the CSF, liver function, and viral cultures of skin, throat, 
urine, CSF, and blood. COrBuctival swabs and any lesions should also be 
examined and cultured. 
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Systemic antiviral therapy is indicated when herpes simplex infection 
is diagnosed in the newborn. The currently available antiviral agents are 
most active when given early (within 3 days of onset) in infection and 
are, apparently, of low immediate toxicity. The long-term effects of such 
drug therapies are not yet apparent. Vidarabine is administered in a 
dosage of 15 mg/kg/day intravenously (over 12 h, at a concentration not 
exceeding 0.7 p,g/ml of intravenous fluid) for approximately 10 days, or 
for 5 days after the newborn has been shown to be free of herpes virus.467 
A newer antiviral with more specific antiherpetic activity and low toxicity 
is acyclovir (Chapter 2). It is obvious from my comments that a team 
approach is useful in handling these rare but serious infections. 

Prevention. Prevention of primary maternal herpes infections depends 
on education of the public about this venereal disease and avoidance of 
direct contact with suspicious lesions. Awareness of the natural course 
of recurrent genital herpes in women should foster logical approaches 
toward prevention of perinatal infection. Thus viral excretion is usually 
associated with the presence of external vulvar and vaginal lesions that 
persist for approximately 10-14 days.6 Recurrent lesions are usually 
healed after 7-10 days, and the mean duration of virus excretion is 5 
days}80 Early and liberal use of antivirals (e.g., vidarabine, acyclovir) may 
shorten the course of viral excretion. This knowledge, coupled with vi
rologic monitoring, should provide more exact guidelines for cesarean 
section and laboratory investigations. Cesarean section is indicated in 
mothers with virologically active lesions and intact (or ruptured less than 
6 h) membranes, but vaginal delivery may be used if careful virologic 
surveillance indicates the maternal birth canal is free of virus.58 

Herpes simplex viruses are spread by direct contact and are excreted 
in liberal quantities from skin lesions and, occasionally, from the upper 
respiratory tract. These viruses are extremely dangerous to newborn 
contacts. 149 It is essential, therefore, to isolate infants with suspected 
herpes simplex virus infections. The risk of newborn acquisition from 
infected mothers is about 50%, including infants born to mothers with 
virologically positive genital herpes infections and those with skin and/ 
or breast lesions.43I Handwashing is critical, and a private room is usually 
necessary. There is insufficient evidence to suggest that breast feeding 
creates a risk for transmission of herpes simplex virus to the infant,240 
unless breast lesions are present. The infected infant is also a threat to 
his caretakers. Those with skin breaks on their hands may develop direct 
inoculation lesions and carry virus to other infants as welP The incidence 
of such spread is rare, but potentially disastrous. 192 While on the subject, 
nursery personnel with herpes labialis or herpes dermatitis should not 
be permitted to care for newborns while they have active lesions. Again, 
remember the mechanism of spread is direct, and some method of cov
ering these lesions and preventing direct contact may be better than no 
protection at all. 
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Congenital Toxoplasmosis 

Epidemiology. Toxoplasma gondii, a protozoan with a natural life cycle in 
cats, is an occasional pathogen in man.142 It is most frequent in the 
Caribbean and least common in cold climates. Toxoplasma inhabit the 
cat's gastrointestinal tract and are excreted in cyst form in its feces. 
Ingestion of these cysts may cause human infection.417 ,439 Primary infection 
in adults has also been associated with ingestion of viable cysts in un
dercooked meat,235 raw goat milk,376 and by leukocyte transfusion.402 It 
is wise for pregnant individuals to avoid contact with cat litter and inges
tion of undercooked meat. The ubiquitousness of this organism is sug
gested by serologic evidence of infection in 40-95% of females ages 25-
35 years;366 however, the expression of disease is limited. 

Acquired Infection. Acquired toxoplasmosis is often asymptomatic but 
may manifest as lymphadenopathy with or without fever,121 heterophile
negative infectious mononucleosis, or chorioretinitis. 181 ,252 Disseminated 
toxoplasmosis is potentially lethal in immunosuppressed patients, in 
whom combined infection with opportunists such as CMV can OCCUr.282 
Reported manifestations of acquired toxoplasmosis also include myocar
ditis,322 polymyositis,378 hepatitis,462 and brain abscess.302 Primary infection 
is most dangerous to the developing fetus, whereas the danger of reac
tivation or chronic infection in the mother during pregnancy is poorly 
defined. Our understanding of the expression of toxoplasmosis in adults 
and the pathogenesis of congenital infection is far from complete! 

Congenital Infection. Maternal seroconversion in the United States occurs 
in one or two of every 200 pregnancies, and approximately 45% of these 
infants will have congenital toxoplasmosis.470 As with other congenital 
infections, the earlier in gestation the infection occurs, the more severe 
and generalized is the effect.217,427 Thus, abortion may result from ma
ternal infection around the time of conception, and multisystem involve
ment from infection acquired in the first and second trimesters. About 
10% of these infants have chorioretinitis, 20% generalized disease, and 
70% are asymptomatic.416 Many of the latter may develop chorioretinitis 
later.47I Generalized manifestations of intrauterine congenital infection 
may resemble those due to CMV, rubella, and herpes simplex infections. 
These include meningoencephalitis, often with intracranial calcifications, 
hepatosplenomegaly, and anemia.416 CMV is the most frequently recog
nized cause of these problems; however, both diseases may cause psy
chomotor retardation. Other neurologic malformations noted in patients 
with congenital infection include anencephaly, microcephaly, ano
phthalmy, microphthalmy, and hydranencephaly.37 A rare manifestation 
of congenital toxoplasmosis is bone (metaphyseal) involvement308 and 
nephrotic syndrome,390 reminiscent of that described in cases of congen
ital syphilis. In fact, it is possible that toxoplasmic chorioretinitis (an 
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important cause of blindness) represents congenital acquisition and reac
tivation in most cases. 

By the third trimester, acquired primary maternal toxoplasmosis will 
be transmitted to almost 65% of offspring; most of these infected infants 
will be asymptomatic initially.416 A small percentage will develop jaundice, 
hepatosplenomegaly, and CSF pleocytosis in the first few months of life 
and some may develop chorioretinitis at any time. 

Diagnosis. Diagnosis is usually based on serologic evidence469 of infection 
in the infant or on culture of toxoplasma from the newborn's CSF or 
throatP T. gondii has recently been isolated from amniotic fluid in two 
of three confirmed congenital cases.428 The protozoan will replicate in 
epithelial cell tissue culture-handy because this is also used for CMV 
culture. Unfortunately, tissue culture is not yet very sensitive, and mouse 
inoculation (more sensitive) may require 4 weeks or longer to obtain 
results. If the infant's antibody titer is equal to or greater than the moth
er's, the diagnosis is supported. If the infant's antibody is predominantly 
of the IgM class or if IgG antibody persists at the same level or in 
increasing concentrations over the first few months of life, the diagnosis 
is confirmed.463 Immunofluorescent IgM tests are technically exacting 
and may be falsely positive due to rheumatoid factor present in the serum 
of normals or in patients with autoimmune disorders;478 a recently de
veloped enzyme-linked immunoabsorbent assay (ELISA) method may 
avoid this pitfall.330 

Treatment. Probably the most frustrating area of "toxoplasmology" con
cerns treatment. Although active in vitro, sulfonamides, pyrimethamine, 
spiramycin, and trimethoprim/sulfamethoxazole do little to arrest the 
results of infectious injury to the brain and the eye. The fact is that much 
of the injury has occurred by the time the diagnosis of congenital infection 
is made. French investigators report some success in prevention of con
genital infection by using spiramycin during pregnancy. 117 This macrolide 
is not available in North America. Even if it were, the difficulty of di
agnosing acquired toxoplasmosis makes the use of the drug problematic. 
One of the more obvious clues, chorioretinitis, usually represents local 
reactivation and may not reflect systemic spread. Faced with a pregnant 
patient with infectious mononucleosis due to toxoplasmosis, I would try 
spiramycin. On the other hand, maternal chorioretinitis during preg
nancy, in the absence of systemic manifestations, would not be as urgent 
a problem for the fetus, particularly if supported by serologic evidence 
of past infection (low titer of IgG and no IgM toxoplasma antibody). 
What about the mother? There is little evidence that systemic antimi
crobials dramatically influence the outcome of toxoplasma chorioretinitis, 
but specific drug therapy combined with corticosteroids is usually rec
ommended as outlined below for congenital infections. 
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Newborns with congenital toxoplasmosis should be treated with oral 
sulfadiazine (50-100 mg/kg/day, divided b.i.d.) and pyrimethamine (1 
mg/kg/day, given every third day) for 3 weeks to attempt to halt pro
gressive infection.366 Spiromycin is preferred in hyperbilirubinemic babies 
and in the first 2 weeks of life. This course is empirically repeated three 
times in the first year of life. In the face of active inflammation (i.e., 
chorioretinitis, jaundice, CSF abnormalities) add oral prednisone 2 mg/ 
kg/day in two divided doses and taper after inflammation subsides. The 
risks of therapy seem outweighed in most cases by the gravity of the 
infection and its consequences. Remember, both antimicrobials interfere 
with folate metabolism, so use with care in malnourished or otherwise 
folate-deficient patients. It is useful to prescribe folinic acid, 5 mg twice 
weekly, during pyrimethamine therapy. Sulfadiazine and pyrimethamine 
can also induce hemolysis in patients with glucose-6-phosphate dehy
drogenase deficiency, and sulfadiazine may displace bilirubin from al
bumin and cause crystalluria. So hydrate the patient and administer sul
fadiazine after the first 2 weeks of life and then only in patients who are 
not hyperbilirubinemic (they may have toxoplasma hepatitis). In the final 
analysis, treatment is far from satisfactory for both acquired and con
genital toxoplasmosis. 

Prognosis. The prognosis of congenital toxoplasmosis is not fully ap
preciated. Although the majority of newborns who acquire T. gondii during 
intrauterine development appear normal at birth, their subsequent course 
may be graver than previously appreciated. Ophthalmologic, auditory, 
and neurodevelopmental deficits are common.416 Parents can usually be 
reassured that subsequent pregnancies carry little risk of toxoplasmosis 
for their other offspring. As ususal in biology, exceptions have been 
reported.424 

We have much to learn about the true frequency of congenital and 
acquired toxoplasmosis. This learning may be facilitated by new devel
opments in culture and serologic diagnosis and by a better understanding 
of the epidemiology and host-parasite relationship in this condition. In 
the meantime, this infection poses an occasional, but extremely serious, 
threat to the developing fetus and newborn which may result in mental 
retardation, blindness, and neurodevelopmental abnormalities. 

Hepatitis 

Risk to the fetus and the newborn are outlined in Table 3-4. Acute 
hepatitis A in the mother during pregnancy may cause several problems 
including prematurity and neonatal infection.425 Around the time of de
livery the infant may become infected and manifest jaundice, although 
hepatitis A usually causes mild disease and has no carrier state. Hepatitis 
A antibody of the IgG class can also be found in newborn sera after 
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transplacental passage of maternal antibody: IgM antibody to hepatitis 
A usually indicates neonatal infection. Thus, if the infant and the mother 
have hepatitis A IgG antibody but no IgM antibody, active infection is 
unlikely. 

Hepatitis B is more of a threat to the newborn because of the risks of 
severe acute disease ll2 and long-term carriage; the latter may be asso
ciated with chronic active hepatitis and, rarely, hepatoma years later. 123,317 
Certain hosts, such as Orientals, are more likely to become carriers when 
born to mothers with hepatitis B surface antigen in their blood. 159 Mothers 
with active disease and those with hepatitis B e antigenemia are most 
infectious to their offspring;46 the presence of antibody to hepatitis B e 
antigen is not always protective.407 

Little is known about non-A non-B hepatitis in newborns, although it 
is possible this infection may result from materno-fetal blood transfusion. 
Like CMV, infection is also associated with postnatal blood transfusions. 

Prevention. Active and passive immunizations are recommended in cases 
where the infant is exposed to hepatitis B surface antigen.90 Hepatitis 
immunoglobulin47,223 together with hepatitis B vaccine,40 may offer both 
early passive, and late active, protection.432 

Isolation methods depend on knowledge of the type of hepatitis. Pa
tients with type A infection usually excrete virus in their stools. Since 
fecal contamination involves the whole infant and his immediate envi
ronment, a single room, gown, handwashing, and careful disposal of 
excreta (double bagging and autoclaving) and linens (double bagging 
and high temperature laundering) are recommended. Isolettes cannot be 
relied upon for isolation as the exterior surface is inevitably contaminated. 

Type B is spread predominantly by blood, although antigen has also 
been detected in saliva, breast milk, and other body secretions. Hand
washing and avoiding direct contact with blood are of paramount im
portance and can be accomplished by precautions in handling blood and 
secretions. (Chapter 13). We favor avoiding breast feeding for HBsAg
positive mothers in developed countries.253 

Congenital and Neonatal Varicella 

Expression of varicella infection in newborns is extremely variable, I 14 
ranging from mild rash in some to disseminated disease with a fatal 
outcome in others. This is true of both congenital and neonatal varicella. 
Varicella is predominantly an infection of young children and rarely 
complicates pregnancy. If it does, the frequency of serious consequences 
is unknown. The appearance of zoster during pregnancy is not considered 
dangerous, since humoral and cell-mediated immunity are usually intact 
in mother and neither transplacental nor neonatal infection should occur. 
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, 
Transplacental immunity has been demonstrated in both full-term and 
pre-term infants, but may be low in those < 1000 g and < 25 weeks 
gestation.459 

Clinical Manifestations. Manifestations of congenital varicella syndrome 
have included eye defects (chorioretinitis, microphthalmus, cataracts, and 
Horner's syndrome),88 scar-like skin lesions and ulcerations,61 hypoplastic 
limbs, CNS damage,433 diaphragmatic hernia, and abdominal muscular 
defects. Although most of the defects have been noted after maternal 
varicella infection in the first two trimesters, skin ulcers have been re
ported in the infant of a mother with infection during the third trimester.29 
Herpes zoster may also be seen in children several months l25 to years 
after maternal intragestational varicella. 74 

Neonatal varicella is usually mild, but fatal infection with coagulopathy 
and widespread skin, visceral, and CNS involvement may occur. 

Diagnosis. The diagnosis of varicella is usually evident from the typical 
skin lesions in the mother. Such lesions can provide material for pre
sumptive diagnosis by examination of Tzank preparations or by electron 
microscopy, although neither test can differentiate herpes simplex from 
varicella virus. Demonstration of varicella antigen in vesicular fluid or 
culture of virus from the vesicle are diagnostic,155 as is acquisition of 
humoral antibody by complement-fixation, fluorescent antibody mem
brane-associated antigen (FAMA),160 or ELISA methods; the presence of 
IgM varicella antibody can be demonstrated by the ELISA technique in 
both the mother and the infant and indicates recent infection. 

Treatment. Treatment of varicella infection during pregnancy is not usu
ally attempted due to the potential teratogenicity of currently available 
antiviral therapies. Varicella zoster immune globulin or even pooled hu
man immune serum globulin may be of benefit to the mother and her 
unborn child. Disseminated life-threatening illness in the mother or pro
gressive infection acquired by the newborn should be treated with acy
clovir. The exact dose of acyclovir is not established; however, 30 mg/ 
kg/day for 7-10 days after clinical stabilization and beginning of resol
ution of the lesions is used. Some success has also been reported with 
the use of interferon,24 although this approach remains experimental. 

Prevention. Prevention of varicella is the key to obviating congenital 
defects and serious neonatal infection. Such prevention is usually natur
ally acquired after childhood infection. In infants younger than 25 weeks 
gestation and < 1000 g,459 and in those mothers and/or infants who 
remain susceptible, varicella zoster immune globulin (VZIG) is indicated 
as early as possible after exposure to chicken pox or shingles.356 One 
exception is the exposure of the infant to a mother with shingles. Since 
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that represents a reactivation, the infant ordinarily should not be at risk. 
When in doubt, test the infant for varicella antibody, if possible. If not 
or if antibody is absent, give VZIG. The preventive dose of ZIG (0.1 mll 
kg) or VZIG (Chapter 1) should be given to the mother during pregnancy 
and/or to the newborn exposed to mother who developed primary var
icella within 5 days before delivery or during the neonatal period. Vac
cination of susceptible adults before pregnancy is another approach, 
although the widespread application of vaccine may not be warranted 
considering the relative rarity of congenital varicella syndromes. 

Thus, although varicella is rare during pregnancy and the peripartum 
period, the consequences for the fetus and newborn may be serious and 
longstanding. Simplified means for detecting and vaccinating susceptible 
females may provide the key to effective prophylaxis of these complica
tions in the future. 

Mumps 

Intrauterine infection with mumps virus is infrequent and the conse
quences poorly understood. Isolation of mumps virus from amniotic fluid, 
placental, or fetal tissues256 is diagnostic, but absence of a humoral 
immune response in the newborn does not rule out the possibility of 
congenital mumps infection. Apparently some infected newborns dem
onstrate only cell-mediated (e.g., mumps skin test) immunity after intra
uterine experience with mumps virus. I 

As with other congenital virus infections, first-trimester disease may 
be teratogenic, but the frequency of this consequence is unknown. Mumps 
has been associated with abortion or, occasionally, with microcephaly, 
hydrocephalus, or endocardial fibroelastosis.1 35,426 Although cause and 
effect have not been established, placental and fetal lesions have been 
described in human intragestational mumpsl57 after natural disease and 
after vaccination.474 Congenital anomalies and/or low birth weight may 
result; however, many infants are norma1. 319 

Perinatal mumps may develop when the mother has primary infection 
within a week of delivery; newborn illness is variable and pneumonia has 
been reported.229 Generally mumps is a childhood infection and infre
quent during pregnancy and the early newborn period. Newborn infants 
of immune mothers should be protected by transplacental immunity for 
at least 6 months. 

Measles 

Although measles is a preventable disease, parts of the world are still 
plagued by this infection. There is some controversy about nonspecific 
mechanisms operative in protecting young infants from measles, even if 
their mothers are susceptible .163 The realities are that people of all ages 
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are at risk of developing measles when in contact with carriers of the 
disease and should be protected. 

Mothers who develop measles early in pregnancy may abort or give 
birth to a stillborn fetus. This may reflect congenital measles infection, 
although evidence for this is scanty, and it is more likely a nonspecific 
response to stress. When the mother develops measles around the time 
of delivery, the baby is expected to acquire measles within a 1O-14-day 
incubation period. If the mother develops measles 2-3 weeks before 
delivery, the baby may have a very mild form of measles due to having 
acquired some of the newly developed maternal antibody. This "modi
fied" measles is different than "atypical" measles that is seen after re
cipients of killed measles vaccine have been exposed to the wild virus. 
Modified measles is generally a mild form of measles. It is hoped that, 
with the more widespread application of live measles vaccination, this 
discussion will be of historic interest only. 

Lymphocytic Choriomeningitis Virus 

Lymphocytic choriomeningitis virus is present in rodents and rarely af
fects man. Acquired infection is most commonly associated with an aseptic 
meningitis syndrome, although other neurologic manifestations and par
otitis have been reported. Approximately 20 cases of human intrages
tational infection have been described. The spectrum of newborn in
volvement has ranged from death due to meningoencephalitis early in 
the postnatal period, to chorioretinitis, hydrocephalus, and microcephaly 
in most of the survivors.391 This condition can be suspected by a history 
of association with hamsters, mice, or guinea pigs. The virus can be 
grown in tissue culture but the diagnosis is most readily made by the 
complement-fixation or, more reliably, by the indirect fluorescent anti
body method. There remains much to be learned about the frequency 
and the expression of congenital infection due to this virus. At the mo
ment there is still no treatment. It seems wise for pregnant women to 
avoid contact with rodents. 

Acquired Neonatal Infections: Specific Causes 

Group B Streptococcus 

Streptococcus agalactiae (group B) colonizes the maternal urethra, vaginal 
tract, and rectum, and the paternal urethra.284 It is sexually transmitted 
but colonization is usually asymptomatic; occasionally there may be a 
vaginal discharge or fever. In the mother, group B Streptococcus can 
cause puerperal sepsis, endometritis,466 and preterm delivery.364 The big-
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gest risk, however, is to the newborn. AnorectaP2 and/or vaginal colon
ization can be detected in up to 30% of pregnant females in the third 
trimester.44 Approximately one-half to three-quarters of their offspring 
become colonized, and about 1-2% of these develop symptomatic in
fection. 31 The risk of infection appears enhanced in twins.13I 

Clinical Manifestations (Table 3-5). The most devastating form of infec
tion is early-onset bacteremia with shock, pneumonia, and, occasionally, 
meningitis.453 Maternal and perinatal complications, including prolonged 
rupture of membranes, are commonly present.3 Group B streptococcal 
infection can masquerade as respiratory distress syndrome where the 
"hyaline membranes" are composed of sheets of streptococci,233 or gram
negative septic shock. '43 A toxin with "endotoxin-like" properties has 
been detected in these bacteria261 and enhancement of its vascular damage 
and shock effects by endotoxin has' been demonstrated.385 Localized new
born ~nfections have also been described, including omphalitis, cellulitis,32 
impetigo-like skin lesions,28o osteomyelitis,216,30I and peritonitis,84 A cu
rious association of right diaphragmatic hernia with group B streptococcal 
pneumonia has also been reported. '89 

All three serotypes (I, II, III) can cause early-onset infection, although 
type III is most common in infections that are seen after the first week 
of a~e,33 Type-specific opsonic antibody seems important in the expres
sion jof disease and attempts are in progress to develop methods for 
maternal immunization.34,63,452 

Late-onset infection usually occurs in the second or third week of life 
and is less fulminant than early-onset disease. Hypotension is rare and 
meningitis common in these children. Bacteremia, arthritis, and osteo
myelitis may occur. Although early-onset infection is clearly related to 
acquisitiorr-of the pathogen from the mother's vaginal tract (in utero 
acquisition has also been suggested),30 late-onset infection may also be 
nosocomial (i.e., acquired from nursery ma~es and personnel).38,64 It is 
also possible that prolonged colonization before invasion may protect 
the host from some of the devastating effects seen in early-onset infection. 

TABLE 3-5, Early and Late Onset Group B Streptococcus Infections 

Age 
Maternal factors 
Predominant clinical 

feature 
Serotype 
Acquisition 
Attack rates 

Early Onsel 

< 5 days 
Obstetric complications 
Septicemia, pneumonia 

I, II, III 
Mother 
1-4/1000 live births 

Lale Onset 

> 7 days 
None 
Meningitis 

III 
Mother/nosocomial 
0.5-1.5/1000 live births 



148 3. Infections of the Newborn 

Diagnosis. In addition to clinical features in the mother and the infant, 
early clues to the presence of group B Streptococcus include demon
stration of gram-positive cocci in gastric or tracheal aspirate, or antigen 
or bacteria in serum, urine, or joint fluid. In culture, the organism may 
be more mucoid than other streptococci, and is occasionally nonhemo
lytic. Rapid methods for antigen detection include countercurrent im
munoelectrophoresis, latex agglutination, and ELISA techniques.219,354 

Treatment. Suspicion of the diagnosis should prompt appropriate man
agement immediately (Table 3-6). In early-onset disease this includes 
aggressive diagnosis and management of shock as well as penicillin or 
ampicillin in combination with an aminoglycoside (gentamicin or to bra
mycin).311 The aminoglycoside is necessary since gram-negative infection 
initially cannot reliably be differentiated from group B streptococcal dis
ease, and may also be useful because of the enhanced rate of killing of 
some strains of group B Streptococcus by the combination in vitro 102 and 
in mice. ll8 This approach may be necessary since some strains of group 
B Streptococcus are tolerant to the bactericidal effect of penicillin.242 

Recurrent infections with two such strains that were treated with penicillin 
or ampicillin alone were recently reported.405 

Other approaches to therapy of early-onset infection include exchange 
and fresh blood transfusions,I04 leukocyte administration,380 indometha
cin,395 and intravenous immunoglobulin. 145.381 Recurrences have been 
noted after group B streptococcal meningitis, prompting recommenda
tions for high-dose (200,000-400,000 units/kg/day) penicillin therapy 
for a minimum of 2 weeks after sterilization of the CSF and clinical 
stabilization.70 I also recommend the use of an aminoglycoside together 
with penicillin or ampicillin in CNS infections until bacteriologic steri-

TABLE 3-6. Antibiotic Treatment of Group B Streptococcus Infection 

Without Meningitis" 
Penicillin G IV 100,000 units/kg/day divided q 12 h in the first week of life 

then q 8 h; treat for 1 week after sterilization and improvement. 
With Meningitis" 

Penicillin G IV 100,000 units/kg/day as above 
plus 

Gentamicin until bacteriologic cure: 
1M, IV, 5 mg/kg/stat, then 5 mg/kg/day divided q 12 h < 7 days of age, 

then 6-7.5 mg/kg/day divided q 8 h. Use 2.5 mg/kg q 18 h in neonates 
< 34 weeks. Monitor serum concentrations. After bacteriologic steriliza
tion, penicillin G IV 200,000 units/kg/day divided q 6 h (provided renal 
function normal) for an additional 2 weeks. 

"If the infecting strain is tolerant to penicillin (e.g., MBC ;::: 8 X MIC) add gentamicin for 
all infections and continue both drugs for the entire treatment course. 
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lization has been documented. The presence of ventriculitis, otitis media, 
subdural empyema, osteomyelitis of the skull, etc., should also be ruled 
out in cases demonstrating slow resolution and recurrences.300 

Prevention. There is conflicting evidence about the use of antibiotics to 
prevent neonatal group B streptococcal infection. The most recent study 
of prophylactic penicillin in neonates, in fact, showed no decrease in the 
incidence of group B streptococcal infection.360 

An alternative approach is to administer antibiotics to colonized moth
ers during labor.62.482 In fact, methods are available to rapidly identify 
heavily colonized mothers directly from vaginal swabs.228 However, the 
incidence of neonatal disease, in relation to maternal colonization, is 
generally too low to justify a prospective prog!am to detect group B 
Streptococcus in the mother, in order to define th_e population at risk. 
Factors that increase the risk of neonatal infection and its severity may 
include heavy group B streptococcal colonization of the mother's vagina, 
premature onset of labor, and obstetric complications. In the presence 
of these risk factors, two approaches can be taken. One is to administer 
penicillin (500 mg potassium penicillin, four times a day) or erythromycin 
(500 mg erythromycin ethylsuccinate) during labor. These two oral reg
imens have been associated with markedly decreased maternal and infant 
colonization.306 Alternatively, intravenous ampicillin (500 mg q 6 h) can 
be used. 

Prognosis. Mortality rates of 50% are common in early-onset infection 
although these are lower (10-25 %) in late-onset disease. The prognosis 
for survivors of meningitis is guarded, with 20-50% demonstrating severe 
neurologic sequelae.214 The long-term outcome for survivors of bacter
emia and other localized infections seems much better. 

Other Streptococci 

Although group A Streptococcus pyogenes was once a major cause of neonatal 
infection, it is infrequently encountered in nurseries today. Nonetheless, 
the potential for serious infections due to this and other groups of strep
tococci remains, and these bacteria should not be dismissed as contam
inants when found in blood, CSF, urine, joint fluid, etc. 127 This is true 
for viridans streptococci as well, as illustrated by recently reported cases 
of neonatal sepsis and meningitis due to these bacteria.71 

E. coli and Gram-Negative Enteric Infections 

Next to group B Streptococcus, Escherichia coli is the most frequent cause 
of invasive bacterial infection of the newborn. The features and char
acteristics of E. coli infection can be used as a model for most gram-
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negative enteric bacilli causing neonatal infections. In some populations, 
Staphylococcus aureus is equally important. Remember the incidence of 
sepsis in developed countries is still only 3-5 per 1000 live births and 
of meningitis 1-2 per 1000 live births. Thus we are looking at relatively 
infrequent occurrences. However, in high-risk newborns, such as pre
matures and those with serious underlying conditions, the likelihood of 
E. coli infection increases. This is also true for populations where mal
nutrition, poor hygiene, and primitive living conditions exist. 

Pathogenesis/Immunity. E. coli Kl is a particular serotype, characterized 
by a specific antiphagocytic polysaccharide capsular antigen, that causes 
approximately a third of the cases of sepsis and as much as 80% of 
meningitis due to gram-negative bacteria in newborns.35o Most E. coli 
infections become bacteremic (even urinary tract infections) although 
entry and local inflammation may occur in the umbilical area or in the 
respiratory, gastrointestinal, or genitourinary tracts. Initial studies sug
gested that Kl antigen was responsible for virulence and that immunity 
to Kl might be protective for newborns. Recent investigations, however, 
indicate that other strains of E. coli transformed by cloned genes for the 
production of Kl capsular polysaccharide are not invasive.406 Thus other 
components in addition to Kl capsular polysaccharide seem to be re
quired to explain completely the virulence of these bacteria. Virulence 
factors of E. coli (and other gram-negative bacteria) are listed in Table 
3-7 along with some clinical effects. 

Clinical Manifestations. The clinical manifestations of E. coli Kl infections 
are not distinctive when compared with other gram-negative infections 
in the newborn. Sepsis and/or meningitis are usually of sudden onset; 
however, some cases of more insidious progression have been noted, 
with the diagnosis made as late as the second week of life. Surprisingly, 
endotoxic shock is less common in newborns than in older patients, but, 

TABLE 3-7. E. coli: Virulence Factors 

Bacterial Factor 

Capsular antigens (e.g., Kl) 
Endotoxin 

Hemolysins 
Enterotoxin 

Heat-labile 
Heat-stable 

Enteroinvasion 
Pilus (surface colonization factor) 

Effect 

Septicemia, meningitis 
Shock, disseminated intravas

cular coagulation 
Hemolysis 
Diarrhea: watery 

Diarrhea: bloody 
Diarrhea 
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when present, requires early diagnosis and aggressive management. Fea
tures are hypotension, bleeding, tachycardia, tachypnea, peripheral cy
anosis, hypothermia, and poor muscular tone. In general, meningitis cases 
seem most virulent, although this may simply reflect late diagnosis. 

E. coli plays a very limited role in acquired gastrointestinal infections 
in North American newborn nurseries, although this species continues 
to be an important cause of diarrhea with associated complications in 
developing countries. Part of effective control in those areas depends on 
the use of breast-feeding and improving hygienic practices. 

The expression of E. coli infections, in addition to sepsis, meningitis, 
and gastroenteritis, is dictated by the organ involved. It is a common 
cause of urinary tract infection and an occasional cause of pneumonia in 
newborns. The toxicities of some of the products of these bacteria are 
exemplified by the reported observation of pneumatocele formation in 
E. coli pneumonia.254 

Diagnosis. Diagnosis is made by gram smear and culture of appropriate 
material. Rapid identification of E. coli KI can be made by agglutination 
of these bacteria by group B meningococcus antiserum, since these bac
teria share capsular antigens. Hypotension ;md bleeding suggest the di
agnosis, as does the presence of urinary tract abnormalities and/or in
fection. 

Treatment. If hypotension is present, its treatment is of first priority. 
Thus, administration of fluids, dopamine, digitalis, as well as aggressive 
use of intravascular and urinary flow measurements, are critical. Initial 
antibiotic therapy of E. coli infections is dependent on the prevailing 
pattern of antimicrobial susceptibility in the nursery. These patterns 
change in closed populations in response to several factors, including 
the selective pressure of commonly used antibiotics. lI5 Il-Lactam and 
aminoglycoside antibiotics are usually used in combination in the initial 
treatment of neonatal septicemia and meningitis. Cefotaxime, or other 
newer cephalosporins, can also be used. In the case of E. coli, synergistic 
combinations are useful to treat multiply resistant organisms.266 Com
monly chosen are ampicillin plus gentamicin. Once susceptibilities are 
further characterized, single-drug therapy can be used in many situations, 
although synergistic combinations may be necessary for CNS infections 
or for those infections at sites where antibiotic concentrations may be 
low. Drainage of abscesses is important, as is correction of obstruction 
and other predisposing factors. 

Prevention. Isolation is usually not necessary for infants with extragas
trointestinal E. coli infections, unless they are harboring organisms that 
have bizarre antimicrobial susceptibility patterns that would be an ex
treme risk to other individuals in the unit. In such circumstances, enteric 
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isolation in a private room is recommended. The ultimate goal of pre
vention of E. coli infections in newborns seems to have limited prospects 
at this point. It was originally thought that immunity against KI antigen 
might offer protection; however, ignorance of other factors involved in 
virulence, and the low frequency of this infection in the total newborn 
population, are limitations of this approach. Yet, we are constantly re
minded of the virulence of these and related bacteria and the importance 
of infection control techniques by periodic outbreaks of gram-negative 
bacterial infections in our nursery population. 

Staphylococcus 

Staphylococcus aureus colonizes many babies within the first 2 weeks of life 
without ill effects but may cause serious infections in some newborns. 
This is also true of S. epidermidis, which may be a cause of life-threatening 
septicemia323 and which may be resistant to conventional antistaphylo
coccal drugs.91 Bacteria are derived from direct contact with maternal 
flora, personnel, and environmental sources. The anterior nares, in 
adults, and the umbilical stump, in newborns, are the most frequently 
colonized sites.204 Conditions that predispose to invasion include small 
size, repeated procedures that break the skin barrier,263 and residence in 
high-risk nurseries, where understaffing and overcrowding play important 
roles. 186 

Staphylococci are extremely prevalent in both the animate and inani
mate nursery environment. The potential for outbreaks is always there. 
This prompted the widespread use of hexachlorophene bathing for pre
vention of infection. Because of toxicity, that routine has largely been 
abandoned, with some resurgence of nosocomial epidemics.238 

Clinical Manifestations. Staphylococci generally invade via the skin but 
rarely present in the first few days of life. Omphalitis, furunculosis, and 
abscesses are most common and may not develop until several days after 
birth or after discharge from hospital,204 

Skin lesions may rapidly become bullous (Fig. 3-5) when due to specific 
strains of S. aureus that produce exfoliation. 141 This is a potentially fatal 
lesion in a newborn and must be managed with systemic antistaphylo
coccal drugs. The most severe example of progressive staphylococcal skin 
infection is manifest by confluent bullae and desquamation with profuse 
bacterial growth in skin lesions and in the blood. Even the toxic-shock 
syndrome may occur in newborns. 173 Pneumonia and bone and joint 
infections are not uncommon, and can be very difficult to diagnose. 
Meningitis is rare and usually seen only in patients with meningomyel
ocele or other malformations communicating with the CNS. Surgery, 
such as ventriculo-peritoneal shunt implantations, is also a major pre
disposing factor for meningitis. Endocarditis may occur in infants with 
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Figure 3-5. Bullous lesion due to Staphylococcus aureus. 

or without cardiac anomalies. Staphylococcal enterocolitis l83 and necro
tizing fasciitis46 1 are rare but serious examples of newborn staphylococcal 
infections. 

Diagnosis. Abscesses should be gram-stained, as should pustules, joint 
fluid, and blood buffy coat in certain situations (methylene blue or giemsa 
is better for the latter). Visualization of gram-positive cocci in these smears 
or in CSF, urine, or other fluid should suggest Staphylococcus until 
proven otherwise; group B Streptococcus, however, is more common. 
Confirmation by standard bacteriologic methods should then be made. 

Staphylococcus epidermidis can also be an important newborn pathogen 
and should not be discounted as a contaminant in cultures of blood, CSF, 
urine, or joint fluid . Because of this, a skin culture (premoistened swab) 
of the prepared (75% alcohol followed by povidone-iodine) site should 
be obtained before blood culture, lumbar puncture, arthrocentesis, etc. , 
in situations where staphylococci are suspected (e.g., previous positive 
culture, skin lesions, Staphylococcus outbreak, etc.). 

Treatment. Systemic antibiotic therapy (e.g., dicloxacillin 25-50 mg/kg/ 
day in four divided doses) is recommended for the treatment of staph
ylococcal infections in infants older than 1 week of age (25-50 mg/kg/ 
day divided q 8-12 h is used in the first week of life). Daily bathing with 
3% hexachlorophene and, occasionally, incision and drainage are used 
to hasten resolution of localized infection and to prevent invasive infec
tion. Prematures should not receive more than three baths and hexa
chlorophene should be rinsed off thoroughly in all infants. Hexachlo
rophene should not be used in infants with extensive skin lesions because 
of the danger of significant systemic absorption of drug. 
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Systemic invasion by Staphylococcus may result in bacteremia, osteo
myelitis, arthritis, endocarditis, and other visceral abscesses; these may 
also occur with skin lesions. Antibiotic susceptibility patterns of prevalent 
staphylococcal strains are useful for selection of initial therapy. This is 
particularly important in view of increasing reports of methicillin, gen
tamicin, and multiple antibiotic-resistant staphylococci in newborn 
units.445 Use of topical antimicrobials, such as gentamicin, frequently 
selects for resistant staphylococci in nursery units. 172 

Prevention (Table 3-8). Staphylococcal skin infections represent a con
siderable nosocomial infection problem. Because of its toxicity,294 routine 
hexachlorophene washes of all infants are now reserved for use during 
nursery outbreaks.447 Currently, application of bacitracin75 or triple dye6 

to the umbilical stump shortly after birth is effective in retarding staph
ylococcal colonization, although studies of toxic and microbiologic con
sequences of these procedures are incomplete. Moreover, triple dye may 
not effectively reduce group B Streptococcus and E. coli colonization.35 
Colonization rates correlate poorly with infection rates although a marked 
increase in prevalence of specific strains of Staphylococcus may be as
sociated with nosocomial infections. This requires further study. Control 
of infections requires ongoing attention to isolation techniques (hand
washing is critical!), avoiding the use of topical antibiotics that select for 
resistant bacteria, and prompt therapy of specific infections. Cohorting 

TABLE 3-8. Plan for Control of Staphylococcal Colonization and Infection in 
Newborns 

At Birth 
Apply bacitracin to umbilicus. 
Rinse with clean warm water. 

During Outbreaks 
Wash babies q.d. with 1 % hexachlorophene solution and wash off, for dura

tion of outbreak (limit to three in prematures). 
Review and enforce isolation and infection control procedures. 
Use hexachlorophene or chlorhexidine for handwashing during outbreaks. 

Persistent Spread in Nursery 
Cohort patients to three separate areas with separate staff: 
1. Patients with staphylococcal infection or colonization with outbreak strain. 
2. Patients present during outbreak. 
3. New admissions after initiation of cohort. 

Persistent or Multiple Staphylococcal Nursery Epidemic 
Type infecting and colonizing staphylococcal strains. 
Identify and treat carriers. 
Consider excluding carriers from nursery. 
Consider bacterial interference. 
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of patients and staff may be needed in some cases. Gram-negative no
socomial infections, due to sensitive or resistant strains, illustrate similar 
principles. Many other approaches are possible, but each needs to be 
examined for possible adverse effects. For example, perinatal exposure 
to povidone-iodine may cause transient hypothyroidism in the newborn.258 

Occasionally, persistent and recurrent nursery epidemics require spe
cific characterization of the responsible strain(s) by phage-typing and 
subsequent identification of carriers. Aggressive systemic and topical an
tibiotic therapy (e.g., rifampin plus cloxacillin systemically + bacitracin 
topically) have been successful.465 If the effect on carriage is only transient, 
implantation of a strain of Staphylococcus epidermidis (e.g., strain 502A) in 
the anterior nares of carriers may prevent recolonization with more vir
ulent staphylococci (bacterial interference).422 Aggressive antibiotic treat
ment and use of bacterial interference are rarely needed when infection 
control techniques are carefully followed and isolation procedures en
acted early in the course of nosocomial spread. 

Salmonella 

Manifestations. The newborn is special with regard to contact and in
fection with Salmonella for several reasons. First, he may be heavily 
exposed to the organism by contact with maternal gastrointestinal and 
genital flora before and during delivery. Nosocomial nursery outbreaks 
have also been reported.295 Furthermore, Salmonella presents in a non
specific fashion in newborns, occasionally without diarrhea. Even with 
diarrhea, the incidence of extragastrointestinal complications is increased 
during the first 3 months of life, and particularly in the newborn, where 
rates as high as 5% have been described.ll 1 Exact reasons are unclear, 
although immunologic and gastrointestinal immaturity, neutral pH of the 
stomach, and relatively sluggish local defenses (motility, mucus) seem 
important. Involvement of the meninges and almost every organ and 
tissue of the body has been reported.464 Salmonella meningitis, pneu
monia, and bone and joint infections are particularly difficult to diagnose 
and treat. Malnourished infants are also at increased risk for extragas
trointestinal invasion by Salmonella. 

Treatment. For these reasons, a complete septic workup should be per
formed in newborns with suspected Salmonella infection or colonization, 
which should include examination of the CSF. Thereafter, therapy should 
be initiated in symptomatic patients, based on in vitro susceptibility stud
ies or at least epidemiologic data. This is true even if the disease is 
apparently localized to the gastrointestinal tract. Ampicillin, cefotaxime, 
chloramphenicol, or trimethoprim-sulfamethoxazole are all useful, but 
sensitivities vary and the latter treatments are relatively contraindicated 
in young infants. Severe and prolonged cases of Salmonella enterocolitis 
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may improve with a combination of oral (neomycin, kanamycin, or gen
tamicin) and parenteral antibiotics. Therapy can be stopped in newborns 
with disease confined to the gastrointestinal tract after cessation of gas
trointestinal symptoms; in those with extragastrointestinal complications 
therapy should be prolonged for at least a week after documentation of 
sterilization of the infected site. In the case of meningitis, the total du
ration of therapy should be at least 3 weeks, because of clinical experience 
with relapses in this condition. Followup is essential considering the fact 
that prolonged fecal Salmonella excretion (8-12 weeks in 25% of infants 
under 3 months of age)234 is common in young infants and relapses 
(particularly with meningitis) and other late complications can occur. 

Listeria 

Intrauterine Listeria monocytogenes infection may result in abortion early in 
gestation and stillbirth later on,262 or congenital infection with early neo
natal death.251 These events usually parallel systemic maternal infection, 
clinically evident by fever and nonspecific signs of bacterial infection. A 
history of repeated abortions may suggest chronic genital Listeria infec
tion in some cases. Although animals may be infected with the same 
strains, few patients have suggestive occupational histories. Laboratory
acquired, nosocomial, and soil-acquired infections are known. 

Clinical Manifestations. Newborns acquiring Listeria late in pregnancy or 
during birth manifest diverse clinical signs ranging from septicemia to 
focal skin lesions. Two clinical syndromes, reminiscent of group B strep
tococcal infections, are seen. 129 The first (early onset) presents in the first 
2 days of life and is characterized by septicemia and high mortality rates. 
Obstetric complications, malaise and, occasionally, vaginal discharge or 
diarrhea are noted in the mother, and prematurity, bacteremia, pneu
monia, and focal granulomatous abscesses are seen in the infant. As with 
group B streptococcal infection, many newborns with the early form365 
present with respiratory distress and severe pneumonia. 

The second form (late onset) presents after the fifth day of life and 
represents infection acquired during delivery or postnatally. Meningitis 
is the predominant feature and the course of illness is less fulminant, 
although recurrent infection and hydrocephalus may occur. Meningitis 
may be associated with mononuclear CSF pleocytosis. 

Diagnosis. The diagnosis of listeriosis is suggested by the clinical picture 
and gram stain visualization of pleomorphic gram-positive bacteria-so 
pleomorphic, in fact, that both cocci and rods may be present in the same 
smear. Isolates can be examined quickly for characteristic "tumbling" 
motility present at 4°C. Colonies on blood agar may produce fJ-hemolysis 
and resemble group A streptococci. Unlike the latter, however, they 
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produce peroxidase and are bacilli on gram stain. Although reasonable 
growth rates are seen in blood and CSF, cultures from other sites may 
grow more slowly and should be kept for 3 weeks, if this diagnosis is 
suspected. 

Treatment. Treatment of listeriosis is most often initiated with a com
bination of ampicillin and an aminoglycoside, such as kanamycin or gen
tamicin. This combination offers an advantage over ampicillin alone, 
probably because the two drugs accelerate the rate of killing of Listeria 
and are synergistic in vitro for some strains.384 Two weeks of therapy 
with both drugs is usually required. The outcome is favorable in most 
cases, the exception being the infant presenting at birth or in the first 
day of life with fulminant sepsis and meningitis, often complicated by 
disseminated intravascular coagulation and bleeding. 

Isolation. Since nursery cross-infection and spread from an infected 
mother have been reported,231 enteric isolation is indicated until bacte
riologic cure has been documented. 

Syphilis 

It is unclear why acquired and congenital forms of syphilis are not oc
curring more frequently while the incidence of gonorrhea and other 
sexually transmitted diseases seem to be increasing at an alarming rate. 
This situation may change, however, since a 30% increase was noted in 
reported cases of acquired syphilis in adults in the United States in 1980. 
Considering the serious consequences and the fact that reinfection in the 
mother is possible, serologic screening of pregnant females seems war
ranted. If negative, the test should be repeated in the third trimester or 
at the time of delivery. 14 Appropriate treatment of the mother is effective 
treatment for the infant. Prevention of tissue invasion and destruction in 
the fetus and newborn is critical. 

Pathogenesis. Spirochetemia in the mother rarely results in marked pla
centitis or fetal infection in the first 4 months of pregnancy. Abortion, 
however, can result. Similarly, stillbirth and prematurity may result from 
maternal infection later in pregnancy. Treponema organisms invade vir
tually all tissues of the infant; hence clinical manifestations are diverse. 

Clinical Manifestations. Uncommon, but often not easily diagnosed, con
genital syphilis has many unusual features, some of which are listed in 
Table 3-9. Most affected infants appear normal at birth, although they 
may be premature and small. A few also have hydrops fetalis, hepato
splenomegaly and jaundice, lymphadenopathy, and nasal discharge.28 
This white or blood-tinged discharge and any mucous membrane or skin 
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TABLE 3-9. Features of Congenital Syphilis 

Early 
« 2 years of age) 
Small for gestational age 
Prematurity 
Hemolytic anemia, thrombocytopenia 
Hepatosplenomegaly 
Lymphadenopathy 
Placental villi tis and perivasculitis 
Rash 

Maculopapular 
Vesiculobullous 
Condyloma lata: perioral, perianal 

Jaundice 
Nasal discharge 
Periostitis: pseudoparalysis 
Meningitis 
Nephrosis 
Eye: chorioretinitis, glaucoma, uveitis 

Late 
(> 2 years of age) 
Interstitial keratitis 
Nerve deafness 
Dental abnormalities 
Facial bone abnormalities 
Palatal perforation 
Sabre shins 
Skin lesions: rhagades (linear scars) around 

mouth, nostrils, anus 
Nephrotic syndrome367 

Synovitis 

lesion (usually maculopapules, but these can ulcerate), which generally 
are present on the buttocks, back, thighs, and soles, are laden with high 
concentrations of infectious organisms-beware! 

Some congenital findings, such as anemia, periostitis, jaundice, or hep
atitis, may not become evident for several months.177 Other changes, 
reflecting tissue damage and growth become obvious only after 1 or 2 
years. 

Diagnosis. The first clue to the diagnosis may be clinical signs in the 
mother or the infant, a history of venereal disease, or a positive serologic 
screening test in the mother, the most specific being the fluorescent 
treponemal antibody-absorbed (IT A-ABS). Placental inflammatory le
sions may also suggest the diagnosis.375 A positive Venereal Disease Re
search Laboratory (VDRL) or IT A-ABS in the newborn's blood may 
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reflect passively transferred maternal antibody. On the other hand, IT A
ABS antibody of the IgM class suggests intrauterine fetal infection, par
ticularly in the absence of rheumatoid factor and placental abnormalities 
leading to materno-fetal transfusion.370 Positive serologic results in the 
face of a history of inadequate therapy or possible reinfection, or in the 
presence of clinical, radiographic, or microbiologic evidence, should be 
considered an indication for therapy. Microbiologic evidence usually 
means dark-field evidence of spirochetes in material from membrane or 
skin lesions or discharge. When doubt exists and more than 3 days are 
required for serologic confirmation (quantitative VDRL in the infant equal 
to or greater than the mother's, IgM FTA-ABS, serial VDRL examina
tions), it is usually advisable to treat. 

Treatment. Benzathine penicillin G 2.4 million units 1M remains the 
treatment of choice for adults with syphilis. Cephalosporins can be used 
in penicillin-allergic subjects. Both regimens effectively treat the fetus as 
well. Erythromycin, sometimes used for treatment in penicillin-allergic 
patients, may not cross the placenta reliably, and thus newborns may still 
be infected even though the mother has been treated. Penicillin treatment 
is recommended for these newborns. 73 Asymptomatic infants without 
signs of syphilis (including normal CSF) should receive benzathine pen
icillin G 50,000 units/kg 1M. The recommended approach for treating 
symptomatic newborns is to assume the presence of neurosyphilis and 
treat with aqueous penicillin G 50,000 units/kg IV or 1M X 10 days.299 
This does not obviate the need for CSF examination for pleocytosis and 
VDRL, which are used for followup and prognosis. Lesions should be
come noninfectious after 48 h of appropriate therapy. 

Prognosis. As in the mother, serologic tests for syphilis may remain 
positive in more than half of adequately treated patients. These titers 
will slowly fall (over 6 to 12 months) and should be followed, as should 
any CSF change. Infants who are symptomatic at birth are likely to develop 
eye and teeth changes; if neurosyphilis is present, this may also be partly 
irreversible. The more severe the intrauterine infection and the longer 
the interval between acquisition of infection and treatment, the more 
likely late congenital manifestations will occur. 

Gonococcal Infection 

Manifestations. Urogenital infections due to gonorrhea are common in 
pregnancy, especially in certain populations. This sexually transmitted 
infection has several consequences to the fetus and the newborn. Initially, 
maternal gonococcal infection, even if asymptomatic, may be associated 
with abortion, prematurity, low birth weight, and premature rupture of 
the membranes. 195 Fetal gonorrhea has also been described.336 If the 
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mother is infected at the time of delivery, neonatal gonococcal infection 
may be limited to the eye (rarely skin,369 mouth, vagina)42I or become 
generalized. In the latter instance, sepsis, arthritis, pneumonitis, and, 
occasionally, meningitis can be seen.247 

Eye Infection. The commonest expression of infection with Neisseria gon
orrhoeae in the newborn is gonococcal ophthalmia neonatorum, a frequent 
cause of blindness in the preantibiotic era.440 Neonatal eye infection due 
to gonorrhea may be apparent at birth; however, more typically, it be
comes obvious between 2 and 5 days after delivery. There is usually a 
profuse purulent discharge and associated conjunctivitis. 

Diagnosis. Examination of the purulent exudate shows polymorphonu
clear leukocytes, many containing gram-negative cocci in pairs. Diagnosis 
is confirmed by culture. Maternal vaginal, cervical, anal, and pharyngeal 
cultures should be placed on Thayer-Martin media, a selective agar in
tended to inhibit the growth of pathogens other than the gonococcus. 103 
This medium is also appropriate for cultures of the infant's eyes, skin, 
and external ear and gastric aspirates. Chocolate agar is appropriate for 
isolating Neisseria gonorrhoeae from CSF, urine, and other normally sterile 
body sites. Commercial blood cultures should support growth of this 
organism as well. However, conditions that markedly inhibit growth of 
other Neisseria species, i.e., dry and cold, also inhibit growth of Neisseria 
gonorrhoeae. 

Treatment (Table 3-10). If the infant shows signs of gonococcal infection 
of the eye, systemic therapy with penicillin is indicated. This should also 
be done if the mother is discovered to have gonococcal colonization with 
or without symptoms. In such an instance, 20-50,000 unitslkg of a single 
dose of aqueous crystalline penicillin G administered shortly after birth 
should suffice, with prematures receiving the lower dose. This single dose 
of penicillin is effective prophylaxis against ophthalmia neonatorum. New
borns with other gonococcal infections should receive 75-100,000 units/ 
kg/day intravenously in two to three divided doses for at least a week 
for septicemia and arthritis, and at least 10 days for gonococcal meningitis. 
Alternate therapy, such as cefoxitin, may be necessary in infections due 
to penicillin and/or spectinomycin resistant strains.83 

Prevention. Treatment of symptomatic or asymptomatic gonorrhea in 
the mother is the best method of prevention of neonatal infection. With 
or without such treatment, ophthalmic prophylaxis is recommended for 
all newborns.97 This should be in the form of 1 % silver nitrate solution 
in single-dose ampules or sterile ophthalmic ointment or drops of tetra
cycline (l %) or erythromycin (0.5%) in single-use containers.81 However, 
tetracycline is not very effective in preventing chlamydial conjunctivitis.368 
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162 3. Infections of the Newborn 

Although flushing of the eyes after instillation of silver nitrate is often 
recommended, there are little data to show that this effectively reduces 
the incidence of chemical conjunctivitis. If flushing is performed, at least 
15 sec should elapse after instillation of the silver nitrate before saline 
washing. Many physicians also recommend delaying prophylaxis for 1 h 
in order to establish maternal-infant eye contact and bonding. 

Consideration of other sexually transmitted diseases should also be 
made in each of these cases. When gonococcus is found, a search for 
Chlamydia trachoma tis, syphilis, herpes simplex, and CMV should probably 
also be included. Erythromycin prophylaxis and/or therapy may be most 
appropriate when combined infection and/or colonization with Chlamydia 
trachomatis and Neisseria gonorrhoeae are detected in mother. With early 
diagnosis and effective treatment, gonococcal infection in newborns 
should resolve rapidly without sequelae. 

Tuberculosis 

Tuberculosis continues to be a worldwide problem. A resurgence of 
tuberculosis in urban populations in North America has been noted re
cently, due to both endemic disease and importations.22o Travel and 
immigration patterns are such these days that constant vigilance is nec
essary in order to avoid missing this important diagnosis. 

Maternal Infection. During pregnancy, tuberculosis presents a consid
erable risk to the mother as well as the infant- 168 It is suggested that 
immune and hormonal changes enhance the mother's susceptibility to 
reactivation tuberculosis, but the severity of infection does not seem to 
be increased. Primary or reactivation tuberculosis may occur in both 
pulmonary and genital sites and miliary spread is possible. Routes of 
transmission to the fetus and newborn are: intrauterine (which occurs 
after maternal endometritis, placentitis, and hematogenous spread to the 
fetus); during delivery, particularly if genital tuberculosis is present in 
the mother; and after delivery, by airborne or direct transmission from 
the mother or other contacts with active pulmonary tuberculosis. 

Congenital/Peripartum Infection. When intrauterine infection occurs 
early in pregnancy, abortion results. Serious in utero infection later in 
pregnancy may also be associated with stillbirth or severe congenital 
infection. 327 Third-trimester and peripartum-acquired tuberculosis may 
manifest diverse signs in the newborn. Most commonly, the infant is 
asymptomatic at birth, although signs may be present if significant pla
cental and uterine infection has occurred shortly before delivery. These 
infants may have pneumonia and significant liver involvement l84 as well 
as failure to thrive, jaundice, hepatomegaly, and meningitis. Usually, 
however, these signs develop only after the newborn begins to acquire 
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delayed hypersensitivity to Mycobacterium tuberculosis. Pallor, lymphade
nopathy, and papular or pustular skin lesions may also be seen. 184 The 
interval between exposure and the onset of signs in newborns is variable 
but can be as long as 5 months.423 

Diagnosis. The diagnosis of tuberculosis must be made early if effective 
therapy is to be prescribed for both the mother and the infant. Suspicion 
of the diagnosis depends on history and recognition of populations with 
endemic tuberculosis. In North America this includes Eskimo and Indian 
populations and recent immigrants from Southeast Asia, South America, 
and other endemic areas. 

Diagnosis may be suggested by the presence of pulmonary or genital 
disease in the mother before or during pregnancy. Appropriate skin tests, 
cultures, and radiographs of the mother and contacts are indicated. Preg
nancy does not depress skin test reactions. Adequate shielding of the 
mother's abdomen and pelvis should protect the unborn fetus from the 
untoward effects of radiation, even in the first trimester of pregnancy. 
Tuberculosis may also be suspected at the time of delivery by noting 
focal lesions on the placenta. In such a situation the placenta should be 
examined histopathologically for the presence of granulomas. This ma
terial and amniotic fluid should also be stained and cultured for acid-fast 
bacilli. 

The infant should be examined and tracheal and gastric aspirates, as 
well as CSF and urine, should be stained an~ cultured for acid-fast bacilli. 
If hepatomegaly is present, liver biopsy should be considered. The liver 
is one of the best tissues for recovery of M. tuberculosis in the newborn 
and infant. 184 Cultures of skin lesions, if present, are also useful. The 
infant's skin test is usually negative at birth and requires from 4 to 12 
weeks for conversion after intrauterine or perinatal exposure. 

Management. If the mother has asymptomatic skin test conversion during 
or before pregnancy, she should receive prophylactic isoniazid 300 mg 
(5 mg/kg) given once daily for 1 year. Prophylaxis of the mother during 
pregnancy is controversial because of the possibility of adverse effects, 
albeit uncommon, in the fetus. Physicians caring for pregnant patients 
with positive skin tests without isoniazid should exercise extremely careful 
observation for signs of active disease, since this carries considerable risks 
for the unborn child. I favor the use of prophylaxis if skin test conversion 
occurs during pregnancy. If the patient's skin test status is unclear before 
pregnancy and she is otherwise healthy, observation without drug may 
be preferable. 

If the mother has active disease, at any time, appropriate treatment is 
essential, despite the theoretical risks of teratogenicity and other fetal 
injury by currently used antituberculous medications. Isoniazid and 
ethambutol are preferred, although rifampin may be added in selected 
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cases.408 The risk of fetal deafness is high with streptomycin. Therapy of 
drug-resistant cases requires the use of additional drugs (pyrazinamide, 
ethionamide, cycloserine, capreomycin, or viomycin), with greater risks 
of toxicity and teratogenicity. 168 

Adequate treatment of the mother and other infected household con
tacts should exclude the possibility of neonatal tuberculosis in most cases. 
Should therapy not have been initiated before delivery, then several 
considerations are necessary for the newborn. Those who are sympto
matic at birth should be treated in the classic fashion. At least two drugs 
are required. These are isoniazid 10 mg/kg/day (orally once daily; 1M 
divided twice daily) and rifampin, 15-20 mg/kg/day (once daily). A recent 
report suggests that the more toxic streptomycin can be omitted. 184 Al
though ethambutol has been used, experience in newborns is limited. Of 
particular concern is the developing optic nerve, which may be unusually 
susceptible to the toxic effects of ethambutol. 

More commonly, the newborn is asymptomatic and tuberculosis is 
diagnosed in the mother around the time of delivery or shortly thereafter. 
In such a circumstance several programs have been suggested (Fig. 3-
6). One recommends separation of the infant and the mother until the 
active disease is under adequate treatment and the mother is noninfec
tious. This usually requires appropriate antituberculous therapy for at 
least 2-6 weeks; however, patients with extensive cavitary disease may 
be infectious for longer periods.334 During this period of separation the 
newborn can be treated with isoniazid after a complete diagnostic eval
uation for the presence of tuberculosis. Skin testing of infants should be 
done shortly after delivery, although it would be extraordinary to find 
delayed hypersensitivity present at that time. This skin testing should be 
repeated at monthly intervals. If the skin test is negative by 3 months of 
age, isoniazid can be discontinued. Then a decision can be made about 
bacillus Calmette-Guerin (BCG) prophylaxis. If the only contact was the 
mother, who is now effectively treated, isoniazid prophylaxis, periodic 
testing, and careful clinical surveillance of the newborn are adequate. If, 
on the other hand, other exposures are possible due to complicated 
disease in the mother, poor compliance, or social and ethnic factors that 
predict frequent tuberculosis contact for the infant, BCG should be ad
ministered.237 This should be followed by a tuberculin skin test 6 weeks 
later. If the skin test is negative, BCG immunization should be repeated. 
Quantitation of this skin test reactivity provides a guideline for assessment 
of future diagnostic tuberculin skin testing. In selected situations (e.g., 
difficult to avoid exposure of newborn to tuberculosis, poor compliance) 
BCG and isoniazid may be administered simultaneously.353 

Nosocomial spread of tuberculosis is also possible.423 The risk of spread 
in nurseries is reduced by use of ultraviolet light, efficient ventilation, 
and adequate space.79 When an active case of tuberculosis is identified 
in a nursery, extensive skin testing, clinical surveillance, and selected 
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Figure 3-6. Management of newborns exposed to tuberculosis. 

radiographic studies are required. Isoniazid prophylaxis should be pre
scribed for 3 months for newborns during the skin test and clinical 
surveillance period.275 Consideration for prophylaxis and repeated skin 
testing should also be given other intimate contacts. Children under the 
age of 6 years are particularly at high risk for the development of tub
erculus meningitis and miliary spread.202 Since this may be of sudden 
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onset and fulminant, prophylactic isoniazid is usually indicated for infants 
and children exposed to active disease. If their skin tests are negative 
after 3 months, prophylaxis can be discontinued. 

Anaerobes 

Anaerobic infections may occasionally include life-threatening bactere
mias, or, rarely, meningitis. An example is Bacteroides fragilis meningitis, 
which is often followed by hydrocephalus and brain injury.265 The new
born is a highly susceptible host! An anaerobic wound infection today 
may be bacteremia and meningitis tomorrow. Here again, topical anti
biotics or local care alone should be used with extreme caution when 
dealing with omphalitis and a variety of wound and skin infections in 
newborns. 

Fungal Infections 

Intrauterine Candidiasis. The most frequently encountered fungus in the 
neonatal period is Candida albicans. Approximately 1-3% of normal new
borns acquire sufficient concentrations of Candida to manifest oral 
thrush, often associated with Candida diaper dermatitis. A much smaller 
percentage of newborns are infected in utero, probably secondary to 
ascending infection from the mother's heavily colonized vagina.225 The 
placenta and cord of such infants may have abscesses appearing as white 
raised plaques on their surfaces; these infants may be born with oral and 
cutaneous candidiasis. 1 13 The appearance of extensive skin lesions at the 
time of birth should suggest this diagnosis, although the differential 
diagnosis should include congenital syphilis, staphylococcal infection, 
group B streptococcal infection, Listeria monocytogenes, herpes simplex, 
varicella, and erythema toxicum. 

Postnatal Candidiasis: Skin and Mucous Membrane Involvement. About 
10% of newborns acquire the yeast after passage through the asympto
mati cally colonized maternal genital tract and Candida takes up residence 
on the respiratory and gastrointestinal mucous membranes without any 
clinical manifestations.288 For example, 55% of 56 infants became colo
nized by their third day of residence in a neonatal intensive care nursery.288 
When these infants are born with, or develop, predisposing conditions, 
Candida colonization increases and the yeast may become invasive. Small 
infants, those with immunologic abnormalities (including malnutrition), 
those receiving antibiotics or intravenous alimentation, and those with 
extensive surgical procedures are at highest risk of invasive candidiasis.296 
Treatment with antibiotics in the absence of other underlying conditions 
usually predisposes to oral thrush, characterized by white plaques dif
fusely located throughout the oral cavity. Examination of wet or gram-
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stained smears prepared from any of these lesions will reveal budding 
yeasts and occasional hyphae. Cultures will confirm the diagnosis. Treat
ment consists of discontinuing the antibiotics, if possible, and application 
of topical nystatin 50,000 units/ml (1 ml six times daily). Other topical 
agents, such as clotrimazole, can also be used. 

Postnatal Candidiasis: Invasive. It is useful to administer oral nystatin 
when prescribing antibiotics for an infant with multiple predisposing 
conditions. When, despite this prophylaxis, the infant develops mucous 
membrane and/or skin lesions, the clinician should be wary of systemic 
candidiasis. Occasionally, candidemia and candiduria are transient when 
associated with indwelling intravascular and urinary catheters, respec
tively. When Candida is isolated from these sites, the catheters should 
be removed and cultures repeated thereafter. Persistence of Candida in 
the blood or urine must be taken as evidence of systemic infection. 
Repeated cultures should be obtained and the infant examined for the 
presence of endophthalmitis, endocarditis, nephritis, meningitis, pneu
monitis, and arthritis. Abdominal masses may indicate focal Candida 
abscesses as well. 224 

Antifungal Therapy. Having performed the above examinations, it is wise 
to begin amphotericin B therapy. Newborns tolerate amphotericin well, 
hence a loading dose of 0.1-0.2 mg/kg can be used and increased daily 
to 0.5 mg/kg/day. Adequacy of amphotericin concentrations in body 
fluids should be measured by inhibitory and killing titers. 

When systemic candidasis includes meningitis, flucytosine (5-fluoro
cytosine) should be added in a dose of 100-200 mg/kg/day administered 
orally or intravenously.89 It is given every 12 h in the first week of life, 
every 8 h in the second week, and every 6 h thereafter. This combination 
may be synergistic and often facilitates a reduction in the total amount 
of each drug required, thereby minimizing their toxicities. In addition, 
some drugs, such as amphotericin and miconazole, diffuse poorly into 
CSF and may be inadequate as single drug treatment of meningitis. 

Since it is well concentrated in urine, flucytosine can be used alone 
for selected genitourinary candidiasis. Newer agents, such as miconazole, 
ketoconazole, and rifampin may also be useful for selected infections. 132 

Optimal antifungal therapy can be partly predicted by in vitro suscepti
bility tests. Furthermore, laboratory studies to rule out antagonism of 
combinations and to monitor fungicidal activity as close to the site of 
infection as possible are mandatory in these rare but complicated and 
life-threatening situations. 

Prognosis. The prognosis for recovery after systemic candidiasis is much 
improved with better diagnostic and therapeutic approaches. The long
term outcome is apparently good but this needs more study. Intracranial 
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(basal cistern) calcifications have been reported after recovery from Can
dida meningitis;296 renal calcifications and decreased renal function have 
also been described after amphotericin B therapy. 

Other Fungal Infections. Other fungal infections of newborns are ex
tremely rare but can include histoplasmosis, cryptococcosis, phycomy
cosis, Candida (Torulopsis) glabrate, 361 and superficial dermatophyte infec
tions. In endemic areas, coccidioidomycosis and other fungal diseases 
have also been reported. Occasionally, severely compromised newborns 
may have aspergillosis and other opportunistic fungal infections. Species 
of Candida other than albicans should not be dismissed as commensals 
when isolated in appropriate clinical situations. The clinical manifesta
tions and the principles of diagnosis and management of these rare causes 
of infections in the newborn are similar to those in older subjects. 

Enterovirus 

The evidence for enterovirus (ECHO, coxsackie, polio) teratogenicity in 
humans is scant.318 Study of this problem is hampered by the ubiquity of 
these agents, type-specific immune responses, nonspecific clinical man
ifestations, and subclinical infection. Intrauterine and perinatal infections 
probably occur more frequently than the literature would suggest.257 Any 
enterovirus infection early in pregnancy may result in abortion or still
birth. 153 

This group of viruses commonly infects the liver, heart, and brain and 
should be suspected in newborns with combinations of myocarditis (may 
present as cardiomegaly; arrhythmia, or pericardial effusion), hepatitis, 
and/or meningoencephalitis. 146 For diagnosis, the season (summer is "en
terovirus season") and clinical features should be considered, as should 
exclusion of other possible causes of the clinical syndrome. The diagnosis 
can be confirmed by viral isolation from infected tissue (e.g., liver) or 
from CSF. Isolation of enterovirus from the respiratory or enteric tract 
of the mother or the infant, or serologic conversion, provides indirect 
evidence of infection. 

Coxsackie. Some perina tally acquired enterovirus infections, such as 
coxsackie B, can be rapidly fatal or cause serious long-term sequelae 
secondary to CNS injury.249 In other instances, subclinical infection or 
benign arrhythmias have been noted.331 Clinical clues to the presence of 
this virus are: epidemiologic-presence of virus in community; maternal
pleurodynia in mother (or father); neonatal-myocarditis. 

ECHO virus. ECHO virus infections can occur in utero230 or postnatally.255 
What determines severity is unclear, but, as with coxsackie, both silent 
and fatal systemic viremias have been reported. Usually the mother has 
nonspecific malaise and fever with or without diarrhea. Two women had 
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surgery for suspected appendicitis late in the third trimester; both proved 
to have echovirus 11 infections.230,255 Perinatally acquired enterovirus can 
manifest in the newborn as a viremic syndrome with multi organ involve
ment, indistinguishable from other causes of neonatal sepsis. Collapse, 
acidosis, and bleeding may be present.54 Infants may also present with 
apnea, or other signs of CNS infections; this is a meningoencephalitis 
similar to that seen in older children during summer outbreaks. To an 
infectious disease specialist, apnea in a newborn in the winter suggests, 
among more common diagnoses, respiratory syncytial virus and, in the 
summer, enterovirus. 

Poliovirus. Poliovirus can also infect the fetus and newborn with results 
similar to those described for the other enteroviruses; however, poliovirus 
infections are preventable nowadays. 

Infants with enterovirus infection should be isolated (gown, hand
washing, private area, if possible), as nursery outbreaks of enterovirus 
infection are possible.329 No specific antiviral therapy is currently avail
able. Management is supportive and may occasionally require pericar
diocentesis for symptomatic pericardial effusions, digitalization, and treat
ment of arrhythmias. Many characteristics of congenital and neonatal 
enterovirus infections remain to be described. 

Chlamydia 

Maternal Infection. Chlamydial infections are usually sexually transmitted 
and are becoming more prevalent. Approximately one-half of the infants 
born to parents in lower socioeconomic populations have chlamydia an
tibodies in their cord blood.379 This reflects maternal experience with 
this organism. Approximately 2-20% of females become infected during 
pregnancy. These infections are often asymptomatic but may also present 
as nonspecific urethritis, cervicitis, or pelvic inflammatory disease. Oc
casionally, peritonitis, perihepatitis, and acute salpingitis have been noted. 
Men may have epididymitis but, most characteristically, have a nongon
ococcal urethral discharge. If the mother has chlamydial colonization of 
the genitourinary tract at the time of delivery, approximately one-third 
of infants will acquire the organism during the delivery process. 12 In one 
recent survey, 22% of women in the third trimester harbored chlamydia 
and 28 % of their newborns were positive by cultures. Ninety-five percent 
of these developed conjunctivitis and 17% developed pneumonia (to
gether with conjunctivitis in one-third of cases).209 Stillbirth and neonatal 
death rates are markedly increased in pregnancies complicated by ma
ternal Chlomydia trachomatis infection.293 

Intrauterine Infection. The consequences of primary maternal chlamydial 
infection during pregnancy are under intense investigation. It appears 
that fetal death may ensue with severe maternal infection and that pre-
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maturity may also be a consequence of infection in the third trimester.203 

The fact that intrauterine infection can occur is attested to by the ex
perience with nine reported infants in whom Chlamydia trachomatis was 
cultured after they were delivered by cesarean section. l64 Three different 
syndromes have been reported under these circumstances, and these 
characterize chlamydial infections in newborns in other situations as well. 
These are (1) asymptomatic, (2) conjunctivitis, and (3) pneumonia with 
or without conjunctivitis. 

Postnatal Infection: Clinical Manifestations. Since approximately one
third of infants exposed to mothers with chlamydial genitourinary infec
tion will acquire the organism, it would seem there would be an over
whelming amount of neonatal chlamydia I infection in the community. 
Yet these conditions seem less frequent in actual experience. Thus asymp
tomatic colonization or very mild infection must be the rule. I am sure 
we can also improve our clinical acumen. 

Besides asymptomatic colonization, the most frequent manifestation of 
chlamydial infection in the newborn is conjunctivitis. This is usually seen 
within the first week of life but can occur up to the third week. 12 Recurrent 
or new infection may also account for the conjunctivitis seen with ap
proximately one-half of the patients who develop pneumonia up to the 
third month of life. The conjunctivitis is characterized by a purulent 
exudate. 373 This can occasionally be confused with ophthalmitis due to 
silver nitrate or gonococcal infection. 

Chlamydial pneumonia is most commonly seen in 6-12-week old infants 
who have a gradual onset of cough and tachypnea.377 Rapid breathing is 
prominent, as is a prolonged cough (described as staccato), which is 
similar to the paroxysm of whooping cough but without the whoop. These 
infants are usually afebrile. 

Diagnosis. Chlamydia organisms grow in tissue culture (usually treated 
McCoy cells) and require careful handling of specimens and rapid in
oculation. Indirect evidence of conjunctivitis can be obtained by visual
ization of intracytoplasmic inclusions in epithelial cells scraped from lower 
palpebral conjunctiva and stained with giemsa. Chlamydia are usually 
isolated from the eyes in patients with conjunctivitis and also in those 
with pneumonitis, whether or not conjunctival inflammation is present. 
Thus, throat, nasopharyngeal, and conjunctival specimens, as well as 
lower respiratory secretions, are useful for isolation of chlamydia in in
fants with pneumonia. Pneumonia patients may also have increased serum 
concentrations of IgG and IgM and eosinophilia of greater than 300/ 
mm3 • Serologic confirmation of diagnosis requires the demonstration of 
a fourfold rise in titer between sera obtained during the acute illness and 
that obtained approximately 3-5 weeks later. The microimmunofluores
cent test is most specific but the complement-fixation test is also useful, 
but may reflect cross-reactivity with other chlamydial antigens. 
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Treatment. Conjunctivitis is best treated with systemic erythromycin 50 
mg/kg for 10-14 days.210 Although the condition can be treated with 
tetracycline or erythromycin eye drops, neither eliminates respiratory 
colonization with the organism and relapse is possible. This is most 
marked, in fact, for sulfacetamide eye drops. Treatment of pneumonia 
is similar. The oral route is adequate; however, parenteral erythromycin 
may be prescribed in selected cases because of fatigue, dehydration, etc. 
Persistence of positive cultures should suggest the need to prolong ther
apy for up to 3 weeks in some infants with pneumonia. If cultures are 
not available, clinical guidelines should be used, but a minimum of 2 
weeks therapy is recommended. 

Prevention. Erythromycin eye ointment, used at birth, is the best prev
entative for chlamydial conjunctivitis. 193 Tetracycline, and sulfacetamide, 
are much less effective. Oral erythromycin can also be administered to 
mother during the week prior to delivery, should she have recognized 
chlamydial infection or colonization.239 The prognosis in newborn infec
tion is very good. 

Acquired Neonatal Infections: Clinical Syndromes 

Having considered congenital infections, let us now review infections 
acquired in the first month after birth. Those that occur predominantly 
in this age group will be presented in detail, whereas others also prevalent 
in older infants and children will be covered elsewhere. Factors that 
predispose to the frequency and severity of neonatal infection include 
premature delivery and prolonged rupture of membranes, maternal in
fections, difficult delivery, residence in a neonatal intensive care unit, use 
of fetal monitoring devices, and certain congenital anomalies. The latter 
may directly predispose the baby to infection, as in obstructive uropathy 
and meningomyelocele, whereas others indirectly increase risks if they 
require surgical procedures, use of indwelling catheters, parenteral ali
mentation, or respirators. 

Neonatal Sepsis 

Neonatal sepsis is widely diagnosed in newborns and therapy is initiated 
without exact knowledge of the cause in most cases. This is done because 
of the severe nature of bacterial infections in this age group and their 
rapid progression unless appropriate therapy is instituted early. Examples 
are early- onset group B Streptococcus infection, with up to 50% mortality 
rates, and fulminant listeriosis. Proven sepsis occurs in 1-10/1,000 live 
births, although the condition may be suspected in up to 60% of newborns 
in a neonatal intensive care unit.403 
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Pathogenesis. Maternal, neonatal, and environmental factors combine 
to create a favorable environment for invasive neonatal infections. 108 
Maternal genitourinary infections,479 prematurity in newborns with com
plicated predisposing conditions, and an environment replete with gram
negative pathogens and opportunists are examples of these contributing 
factors (Table 3-11). Add to this the busy traffic in newborn units and 
the many procedures that ill infants are exposed to (endotracheal suc
tioning,429 respirators,316 minor surgical procedures243) and one can begin 
to understand why nosocomial rates of lO-20% and a fertile environment 
for acquisition of new infection develop.285 In such an environment, an 
infant who suddenly changes status is often considered to be septic, with 
appropriate diagnosis and treatment initiated swiftly. 

Etiology. Many cases of suspected neonatal sepsis are later explained by 
metabolic or cardiorespiratory derangements. A small proportion have 
negative blood cultures initially, but evidence of localized bacterial in
fection later on.414 Group B Streptococcus and E. coli account for the 
majority of proven cases of bacterial septicemia and are· discussed in 
detail below (Table 3-12). Staphylococcus aureus and S. epidermidis,45 Listeria 
monocytogenes, and Enterobacteriaceae are also seen and, less commonly, 
Haemophilus inJluenzae,457 Neisseria meningitidis,95 anaerobic bacteria,86 and 
fungi may be responsible. Although group B streptococci are the most 

TABLE 3-11. Maternal and Neonatal Factors Associated with Newborn Bacterial 
Infections 

Maternal Conditions 

Urinary tract infection 
Gram-negative bacterial infection 
Group B streptococcal infection 
Recurrent abortion 
Syphilis 
Prolonged rupture of membranes 
Amnionitis, endometritis 
Coitus in last prepartum month 

Newborn Conditions 

Prematurity 
Hyaline membrane disease 
Congenital heart disease (L-R shunt) 
Urogenital abnormalities 
Intravascular catheters 
Parenteral alimentation 

Effect 

Prematurity, infection 
Neonatal distress, hypotension 
Septicemia, meningitis 
Listeriosis 
Congenital syphilis 
Septicemia, pneumonia 
Bacteremia, pneumonia 
Chorioamnionitis 

Effect 

Septicemia, meningitis 
Pneumonia 
Pneumonia 
Pyelonephritis 
Septicemia 
Septicemia 
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TABLE 3-12. Causes of Neonatal Sepsis 

Bacteria 
Group B Streptococcus 
E. coli 
Klebsiella 
S. aureus 
Listeria monocytogenes 
Streptococcus sp. pyogenes and pneumoniae 347 

Salmonella sp. 
Nontypable Haemophilus injluenzae 457 

Bacteroides sp. 
Anaerobic bacteria 

Viruses 
Enterovirus (ECHO virus, coxsackie) 
Influenza 
CMV 
Herpes simplex 
Respiratory syncytial 

Fungi 
Candida albicans 

common Streptococcus causing neonatal septicemia, any group, including 
G26. 127 and a-hemolytic (viridans) strains,151 may do the same. 

Clinical Manifestations. The clinical features of neonatal sepsis are non
specific. Let us begin with the mother; when the mother has fever, diar
rhea, vaginal discharge, and other signs of systemic infection just prior 
to, or during labor, neonatal sepsis should be presumed and appropriate 
investigations and treatments carried out in both mother and the infant. 
Prolonged rupture of membranes (> 12 h), maternal bacteremia, am
nionitis, and other infections (e.g., endometritis) are also warning signals. 

In the infant, prematurity, small size, asphyxia, poor apgar scores, 
hypotension, and signs of respiratory distress at birth should suggest the 
diagnosis of neonatal sepsis. Similarly, foul-smelling, bloody, or mecon
ium-stained amniotic fluid, skin lesions, or funisitis (lesions or inflam
matory changes in the umbilical cord) should alert us to this diagnosis. 
Later on, lethargy and poor feeding; hypothermia and hyperthermia in 
the absence of environmentally controlled temperature; and jaundice, 
vomiting, poor weight gain, abnormal cry and tone, acidosis, and a variety 
of skin rashes should also suggest the diagnosis. Other physical signs 
include bleeding (on the basis of diffuse intravascular coagulation or 
immune thrombocytopenia435) and more obvious features of infection 
such as skin abscesses, conjunctivitis, diarrhea, and omphalitis. Abnormal 
urinary sediment and CSF may suggest specific diagnoses as well. Fever 
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in newborns is rare, but should be considered highly likely due to bacterial 
infection in full-term infants.455 

Clinical manifestations may also reflect other features of neonatal sep
sis, namely hemolysis, thrombocytosis, acidemia, hyperkalemia, hypo
natremia, and specific organ dysfunction (depending on the site of focal 
infection or toxic effects of the infecting microbe). 

Diagnosis. The first element in the diagnosis of neonatal sepsis is sus
picion. This is heightened by some of the facts outlined above for ma
ternal, neonatal, and environmental factors and during outbreaks of 
nosocomial infection. 

Appropriate bacterial cultures obtained before administration of an
tibiotics are essential for accurate management.290 In almost all cases this 
should consist of blood, CSF, and urine. Similarly, conjunctival, skin, 
endotracheal, and rectal swabs or stool should be examined in patients 
with signs of involvement in those areas. When maternal factors point 
to intrauterine or ascending infection, examination of maternal and pla
cental material,236 amniotic fluid,479 umbilical cord, and the infant's ear 
and gastric aspirates are also useful. l34 The latter two should be carried 
out before 12 h of life and results need to be interpreted cautiously, in 
consideration of the fact that vaginal and perineal flora may often be 
reflected in ear and gastric cultures. However, the presence of many 
polymorphonuclear leukocytes and bacteria on gram stain should be taken 
seriously. The blood buffy coat can also be examined with methylene 
blue or gram stain. This may provide rapid evidence of bacteremia and, 
occasionally, fungemia. Aerobic and anaerobic blood cultures are im
portant. For example, candidemia and Pseudomonas bacteremia are best 
diagnosed by blood culture in aerobic media while clostridia and Bac
teroides grow only in an anaerobic environment. Blood cultures should 
be obtained by venipuncture after careful antiseptic preparation of the 
skin; blood obtained via the umbilical artery or vein, and from capillary 
sites, is often contaminated.19.287 Since staphylococci are not an uncom
mon cause of neonatal sepsis, particularly in outbreak situations, a skin 
swab obtained after antiseptic preparation of the site for blood culture 
may be useful in assisting the interpretation of results. 

Viral Sepsis. Since viral infection (e.g., enterovirus, influenza) may be 
responsible for some cases of neonatal sepsis, appropriate cultures should 
be taken in infants with relevant exposure history. Positive results may 
be extremely helpful. For example, isolation of respiratory syncytial virus 
may explain apnea; coxsackie, a case of myocarditis; and an ECHO virus 
may clarify signs suggestive of sepsis. 

Nonmicrobiologic Clues to Sepsis. Several nonmicrobiologic tests have 
correlated with the presence of sepsis. These include white blood cell 
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counts of < 5000/mm3, bands/total neutrophils 2 0.2, latex C-reactive 
protein of > 0.8 mg/lOO ml, II erythrocyte sedimentation rates of 2 15 
mm/h in the first hour, and latex haptoglobin of > 25 mg/lOO ml. Using 
these criteria, Philips et al. reported 39% of patients with two or more 
positive results had sepsis;348 the exact etiology is, of course, dependent 
on microbiologic testing. In situations where antibiotic overuse is a real 
problem, the application of such tests, in addition to the history and 
clinical finding, can be used to effectively limit the numbers and duration 
of antibiotic therapy in certain cases. 

Once sepsis has been documented, sources of bacteremia should be 
carefully sought. The search for foci such as abscess or endocarditis have 
been made easier by the advent of echo cardiography , ultrasonography, 
and radionuclide scans. 

Treatment. In most cases of suspected sepsis, no microbiologic confir
mation will be evident, and a plan for discontinuing antibiotics after 48-
72 h is recommended.415 Use of clinical and nonmicrobiologic clues is 
helpful. 

Most commonly, a combination of /3-lactam and aminoglycoside an
tibiotics (Table 3-13) is used, in recognition of the most frequent causes 
of neonatal sepsis, i.e., group B Streptococcus and E. coli. 291 It is obvious 
that not all pathogens can be covered effectively by this regimen, and, 
in certain situations, different antibiotic combinations should be chosen. 
An example is treatment of sepsis during a nursery outbreak of genta
micin-resistant Klebsiella. Use of microbiologic surveillance is helpful in 
determining the frequency of certain pathogens and their antimicrobial 
susceptibility patterns. "Ten Commandments" for the use of antibiotic 
therapy in newborns are listed in Table 3-14. 

Adjuncts to antimicrobial therapy of neonatal sepsis include 
exchange449 and granulocyte transfusions.92 The former is used in patients 
with hypotension, electrolyte and acid-base derangements, and coagu
lopathies. It is one of the most rapid ways to adjust one or more of these 
abnormalities and at the same time provide opsonins, immunoglobulin, 
fresh leukocytes, clotting factors, and perhaps even wash out bacterial 
toxins and bacteria from the newborn's bloodstream. Granulocyte trans-

TABLE 3-13. Initial Therapy of Neonatal Sepsis 

Suggested Antibiotic Regimen 

Ampicillin, IV: 50-100 mg/kg/day divided q 12 h for first week of life. Then 
150-200 mg/kg/day q 6-8 h 

Gentamicin, IV or 1M: 5 mg/kg loading dose. Then 5 mg/kg/day divided q 12 
h for first week of life, then 6-7.5 mg/kg/day divided q 8 h. Use 2.5 mg/kg 
q 18 h in neonates < 34 weeks of age. 
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TABLE 3-14. Antibiotic Therapy in Newborns 

1. Antibiotic susceptibility pattern in a specific nursery (an obstetric, perinatal 
unit) may suggest alternate programs to the one in general use. 

2. Outbreak of nosocomial infections may require specific antibiotic regimen 
for initial therapy of neonatal sepsis. 

3. Colonization surveillance may reveal predominant microbial flora in high
risk neonate. Suspected sepsis in such an infant should include antimicrobi
als active against these flora. 

4. Discontinue antibiotics if cultures are negative at 48 h, unless focal infection 
is diagnosed (e.g., pneumonia, deep abscess). 

5. Monitor serum (other body fluid) concentrations and/or activity of antibiot
ics in proven infections. 

6. Monitor serum concentrations, and adjust dose/frequency of aminoglyco
sides and chloramphenicol daily, if therapy is prescribed for more than 48 h 
(in certain situations, these drugs will require monitoring after the first 
dose, e.g., renal failure, liver dysfunction, very immature infant, proven in
fection). 

7. Administer 2 ml prophylactic nystatin 100,OOO/units ml orally six times daily 
in high-risk newborns receiving antibiotics for more than 48 h. 

8. Repeat cultures to determine time of bacteriologic eradication and in vivo 
efficacy. 

9. Alter dose and frequency of antibiotic as the infant's organ function 
changes (e.g., liver for chloramphenicol, kidney for aminoglycoside). 

10. Survey microbial flora in high-risk newborn receiving antibiotic therapy, 
since risk of superinfection is great. 

fusions may be useful in neutropenic septic newborns, although expe
rience with this approach is limited.93 Certainly, cardiorespiratory support, 
correction of electrolyte and acid-base abnormalities, and optimal nutri
tional management are indicated. 

Most infants with neonatal sepsis need not be isolated unless specific 
indications are at hand. One exception may be infants colonized by highly 
resistant and/or virulent bacteria where the risk of spread is great and 
the consequences of infection might be disastrous. This is well illustrated 
by a recent nosocomial outbreak of Serratia marcescens infection traced to 
contaminated handwashing brushes. IS 

Prognosis. The outcome of neonatal sepsis is usually dependent on the 
specific cause. Overall, the mortality rate is approximately 30%; however, 
the majority of survivors do well. Because the condition is most prevalent 
in the youngest, smallest infants with serious underlying conditions, the 
final outcome is dependent on many factors. In one survery, 22% of 
survivors had major handicaps. 16 Abscesses or other foci, such as arthritis, 
osteomyelitis, or endocarditis should be looked for in patients with per
sistent bacteremia or slow clinical response despite appropriate antibiotic 
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therapy. For example, hepatic abscesses may be present in sepsis asso
ciated with vessel cannulation or abdominal surgery.321 Hydrops of the 
gallbladder can also be seen.346 In the final analysis, this is a condition 
that must be diagnosed quickly and treated before a specific cause is 
outlined. The importance of prevention of neonatal sepsis by detection 
and appropriate therapy of maternal and perinatal complications is self
evident. 

Meningitis 

Etiology. Bacterial meningItiS in the newborn is different in several 
respects. First of all, the causative organisms are different. Group B 
Streptococcus, E. coli, Listeria, Citrobacter, Klebsiella, a-hemolytic Strep
tococcus, lSI Salmonella, and Enterobacter244,326 are usually responsible, 
Unusual causes, such as Plesiomonas shigelloides,344 Vibrio cholerae,374 and Fla
vobacterium meningosepticum may create difficult diagnostic and treatment 
problems.85 Bacteria invade the meninges as part of a bacteremic syn
drome that may also involve other organs, Approximately one-quarter 
of newborns with sepsis also have meningitis,451 Secondly, antibiotic ther
apy is seldom successful in eradicating the bacteria from the CSF in less 
than 4 days.297 Group B Streptococcus, S, pneumoniae, and Listeria may 
be eliminated more rapidly (within 24-48 h) in some infants. Finally, 
mortality and acute long-term morbidity rates are more pronounced at 
this age. 

Candida meningitis is rare, but can be successfully treated with a com
bination of amphotericin Band 5-fluorocytosine.277 Mycoplasma hominis 
frequently colonizes the maternal genital tract and is a rare cause of 
neonatal infection, including meningitis.212 ,303 

Clinical Manifestations/Diagnosis. The clinical features of neonatal men
ingitis can usually be summarized in one word: nonspecific, and the 
diagnosis in two: lumbar puncture. Admittedly, some signs of meningitis 
are highly suggestive (e.g., apnea, seizures, bulging anterior fontanelle, 
extreme lethargy and irritability), albeit late. More commonly, poor feed
ing, vomiting, loss of muscular tone, fretfulness, or hypothermia may be 
present, signs difficult to ascribe specifically to meningitis. Hence there 
is a need for including CSF examination and culture in all cases of 
suspected neonatal sepsis. Specific aspects of the diagnosis of E. coli, 
group B Streptococcus, and Listeria monocytogenes, common causes of neo
natal bacterial meningitis, are outlined elsewhere in this chapter. 

Ventriculitis, with or without acute hydrocephalus, may be present early 
in neonatal bacterial meningitis. Clues include severe encephalopathic 
signs, bulging fontanelle, widened sutures, focal neurologic signs, and 
recurrent or persistent seizures. Baseline measurements of head circum
ference, transillumination, and a computerized axial tomogram should 
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be obtained. The latter is used to outline the size of the ventricles and 
to define the presence of ventriculitis, hemorrhage, brain atrophy, or 
abscess. A ventricular tap should be performed if signs of ventriculitis 
or noncommunicating hydrocephalus are present. CSF so obtained can 
be used for assessment of inflammatory changes, culture, and measure
ment of antibiotic concentrations. The need for drainage or alterations 
in antibiotic therapy may thus be defined. 

Treatment: General. Current therapy programs recommended for treat
ment of group B Streptococcus, E. coli, etc. are appropriate for meningitis. 
High dosages are recommended because of the poor penetration of many 
of these drugs into the CSF. Intrathecal and intraventricular routes have 
been tried but have not improved the outcome of neonatal meningi
tis.297.298 Adequacy of antibiotic therapy should be assessed by comparing 
CSF antibiotic concentrations with the quantitative susceptibility of the 
infecting bacteria. Alternatively, CSF and serum inhibitory and killing 
titers can be used to monitor in vivo therapeutic efficacy. 

Therapy should be continued after sterilization of the CSF for at least 
1 week for gram-positive, and 2 weeks for gram-negative bacteria, but 
for a minimum of 2 weeks for gram-positive, and 3 weeks for gram
negative meningitis. These infants require a team approach to handle 
the complications and systemic manifestations of their bacteremia and 
meningitis syndromes. Isolation is usually not indicated, but nursery 
outbreaks of meningitis have been reported.17o.208 Since neonatal men
ingitis is such a rarity, two or more cases in a nursery warrant isolation 
and epidemiologic study. 

Treatment: Specific Causes. It is particularly important to examine each 
isolate of group B Streptococcus and Listeria for tolerance to penicillin.404 
If this is found, both ampicillin (preferred over penicillin because of its 
superior penetration into the CSF) and amikacin (also penetrates inflamed 
CSF well)480 should be used for a minimum of 2 weeks. 

E. coli Kl is the antigenic type of E. coli responsible for most cases of 
meningitis. Although the pathogenesis of this infection has not been 
completely elucidated, these organisms are usually susceptible to com
binations of ,8-lactam and amino glycoside drugs. Third-generation ceph
alosporins, such as cefotaxime, can be considered for therapy in these 
patients as well. 389 

Citrobacter diversus is an occasional cause of bacteremia and meningitis 
in newborns, and is characterized by development of brain abscesses. 171 
Although sensitivities of this organism vary, chloramphenicol or trimeth
oprim/sulfamethoxazole may often be useful,174 as may moxalactam.273 

Rare causes of meningitis may also be seen in these immunologically 
immature hosts. These include Bacteroides fragilis, which may begin as a 
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scalp abscess and progress to meningitis. We treated one case with me
tronidazole with an excellent result.265 

Complications. These infants are particularly prone to development of 
acute hydrocephalus, seizures, deafness, and blindness. These compli
cations should be anticipated and looked for early in newborns. CSF 
should be examined at least daily until sterilization has been demon
strated. Patients resistant to antibiotic therapy, and those with progressive 
signs, should have repeated computerized axial tomography and other 
examinations appropriate for the diagnosis of ventriculitis, subdural ef
fusion or empyema, brain abscess, or cerebrovascular thromboses. Trans
illumination, head circumference measurements, and ventricular and sub
dural taps are useful in this age group. 

Prognosis. The prognosis for neonatal meningitis is still poor. Approx
imately 15-20% of these infants die in the early acute phase of their 
illness. A smaller percentage die during early and late convalescence. As 
many as one-half of all survivors have moderate to severe neurologic or 
neuropsychologic abnormalities. The necrotizing and hemorrhagic injury 
of meningitis in newborns can result in polycystic degeneration,72 
hydrocephalus244 and diverse manifestations of neural dysfunction--e.g., 
hypothalamic-pituitary disturbances.338 Ventriculitis is present in about 
three-quarters of newborns with gram-negative enteric meningitis. This 
is correlated with a poor prognosis, as is persistence of positive CSF 
cultures beyond 3 days, CSF white blood cell counts above 10,000/mm3, 
and a CSF protein of above 500 mg/ dl. 

Respiratory Infections 

Many of the specific syndromes associated with respiratory infections in 
newborns have been described in detail in previous sections. The new
born is also susceptible to many respiratory infections that will be dis
cussed under appropriate sections for older patients. However, there are 
some special features of neonatal respiratory infection that deserve em
phasis. During delivery, aspiration of meconium, blood, other debris, and 
a diversity of microbiologic flora may occur and further compromise the 
infant's immature respiratory defenses. For example, IgA is relatively 
deficient in respiratory secretions, and mucociliary excretion mechanisms 
are incompletely developed. Add to this the toxic effects of oxygen57 and 
the use of mechanical ventilation, and it is indeed remarkable that more 
respiratory infections are not documented during the first few days of 
life. Amniotic fluid, among other factors, seems to protect the fetus and 
newborn well, for microbiologically positive cases of congenitaPl8 and 
aspiration pneumonia456 in newborns are rare. 
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Etiology. Some of the common causes of respiratory infection in new
borns are outlined in Table 3-15. Foci of inflammation and gram-negative 
bacteria are present in the lungs of almost one-half of autopsied newborns 
but rarely do these represent true congenital or perinatal pneumonia of 
any consequence.43 

Generally mothers and other caretakers with respiratory infections are 
the reservoirs for viral respiratory infections in exposed infants.These 
may manifest as upper respiratory infection, common cold syndrome, 
pharyngitis, or rhinitis in adults but may lead to pneumonia in the new
born. Similarly, conjunctivitis or diarrhea in the mother may be reflected 
by pneumonia due to adenovirus or coxsackie virus in the infant, re
spectively. Other examples include CMV infection in mother which may 
have presented during pregnancy as a mononucleosis-like syndrome, 
asymptomatic cervical infection, or urinary shedding. As a result the infant 
may manifest pneumonia as part of a generalized intrauterine, or post
natally acquired, CMV syndrome. A newborn syndrome characterized by 
pneumonia, thrombocytopenia, and hepatomegaly can also be due to 
CMV acquireo ~y blood transfusion.476 Chlamydia infection may cause 
urethritis or asymptomatic colonization of the genitourinary tract in the 
mother, but pneumonia with or without conjunctivitis in the infant. Most 
respiratory infections acquired by the mother during pregnancy are of 
little consequence. Although influenza has been blamed for abortion and 
premature labor, transplacental spread is rare.362 

Several points deserve emphasis. Once home, newborns rarely acquire 
gram-negative bacillary pneumonia. Exceptions are infants recently 
(within 2-3 days) discharged from an intensive care nursery and mal
nourished infants (particularly prone to Staphylococcus aureus). In other 
newborns, bacterial causes of pneumonia are similar to those seen in 
older infants, i.e., Streptococcus pneumoniae and Streptococcus pyogenes and, 

TABLE 3-15. Common Causes of Respiratory 
Infection in Newborns 

Viral 
Respiratory syncytial 
Parainfluenza 
Influenza 
CMV 
Adenovirus 

Bacterial 
Group B Streptococcus (Streptococcus agalactiae) 
E. coli 
Listeria monocytogenes 
Bordetella pertussis 

Other 
Chlamydia trachomatis 
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less commonly, Staphylococcus aureus and H. inJluenzae. The majority of 
respiratory infections of newborns, in and out of the hospital, are due 
to viruses. 

Clinical Manifestations. Respiratory infections in newborns take on sev
eral different presentations. Most cases present in a nonspecific fashion, 
similar to neonatal sepsis and many of the bacteremic and viremic syn
dromes, i.e., pallor, poor feeding, tachycardia, and tachypnea may be 
indications of respiratory infection. 188 As such, respiratory involvement 
may be only part of a generalized syndrome, as with group B Strepto
coccus infection. 

Other neonatal respiratory infections have more characteristic pres
entations (Table 3-16). Apnea in the newborn is often considered a 
manifestation ofCNS or cardiovascular dysfunction. However, apnea may 
also be a feature of respiratory syncytial virus infection;20 drowsiness, 
hypotonia, and seizures have also been reported in these infants.32o Rarely, 
respiratory syncytial virus infection in newborns may result in fever with 
rash.448 

Rhinitis, cough, and the classic symptoms of upper respiratory infection 
in older children are frequently seen in newborns. When present, they 
may indicate infection with common respiratory viruses or chlamydia and 
lower respiratory involvement should be suspected. Although paroxysmal 
coughs are described in this age group,289 pertussis may more commonly 
present in the newborn as a consolidated pneumonia with atelectasis and 

TABLE 3-16. Clinical Manifestations of Respiratory Infections in Newborns 

Presenting Feature 

Respiratory distress syndrome 
Apnea 
Tachypnea 
Cough Staccato 

Paroxysmal 

Associated Features 

Mycocarditis 
Hypotension 
Rhinorrhea 
Diarrhea 
Thrombocytopenia/hepatomegaly 
Pustules 
Co£tiunctivitis 
Contact with sick bird 

Probable Cause 

Group B Streptococcus 
Respiratory Syncytial Virus 
Chlamydia 
Chlamydia 
Pertussis 

Coxsackie B virus 
Group B Streptococcus 
Parainfluenza, Rhinovirus 
Enterovirus 
Cytomegalovirus 
Staphylococcus aureus 
Chlamydia/Adenovirus 
Psittacosis 
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severe congestion. Feeding difficulty, choking, or apnea are often noted, 
with very little cough and no whoop.98 

Diagnosis. Respiratory infection in the newborn, when suspected, should 
be dealt with as aggressively as infection in any other system. Rapid 
respiratory compromise and the risk of nosocomial spread justify this 
approach. Upper respiratory signs in the newborn should prompt an 
examination of the lower respiratory tract. This almost always includes 
a chest X-ray. This is especially important in newborns because of the 
difficulty of eliciting signs in this age group that may indicate the presence 
of consolidation, pleural effusion, pneumatocele, atelectasis, or pneu
mothorax. 

Appropriate examination and culture of respiratory secretions are also 
very important. The newborn is an excellent candidate for direct laryn
goscopy and tracheal aspiration. After all, this procedure is frequently 
performed for resuscitation of the newborn and for many other indica
tions. Why not for the diagnosis of lower respiratory disease? Fluid 
obtained directly from the subglottic tracheo-bronchial area can be used 
for gram smear (or other stain, if appropriate) and cultured for bacteria, 
viruses, chlamydia, etc. Upper respiratory secretions are also useful for 
respiratory viral cultures, urine for CMV, and stool for enterovirus and 
adenovirus. The presence of pneumonia means that a blood culture is 
necessary and that lumbar puncture, urine culture, and examination for 
other evidence of generalized sepsis should be carried out. Indirect evi
dence of bacterial infection can be acquired by use of diagnostic methods 
for detection of bacterial antigens. Examination of the urine for Hae
mophilus, pneumococcal, and group B streptococcal antigens is an ex
ample. 

In certain situations other procedures are indicated. When pleural 
effusion is detected, thoracentesis is mandatory. Considering the spec
trum of causes of empyema and pleural effusion in newborns, the op
portunity to examine and culture this fluid should not be lost. In other 
situations, progressive pulmonary involvement despite apparently appro
priate therapy and other supportive management should prompt consid
eration of precutaneous needle aspiration or open lung biopsy. These 
are useful for diagnosing Pneumocystis carinii infection and tuberculosis 
and may be essential to rule out the presence of fungi and resistant and 
unusual bacteria, or to confirm a diagnosis of influenza or adenovirus 
pneumoma. 

Pneumocystis carinii is a rare pathogen in newborns although nursery 
outbreaks have been reported. 156 These protozoa can also be associated 
with CMV or chlamydia pneumonia. 197 Confirmation of its presence is 
critical in newborns, considering its rarity and the potential toxicity of 
treatment with either trimethoprim/sulfamethoxazole or pentamidine 
isethionate in this age group. 
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Therapy. Treatment of respiratory infections in the newborn is similar 
to that in other age groups. Supportive therapy for hypoxemia, carbon 
dioxide retention, acid-base and electrolyte imbalances, and other dis
turbances associated with respiratory infection is indicated. Postural 
drainage, gentle suctioning, and nutritional support should not be for
gotten. 140 

Suction of the nares with a soft rubber bulb or aspirator before feeding 
is very helpful. Nose drops, cough medications, decongestants, and cold 
remedies should not be prescribed for these patients. Rebound conges
tion, extreme sensitivity to side effects, and interference with normal 
clearance mechanisms are some of the reasons for this advice. 

Specific antimicrobial therapy depends on clinical and microbiologic 
diagnoses. Since pneumonia is rarely an isolated phenomenon, treatment 
should follow many of the guidelines outlined for sepsis. Influenza pneu
monia in newborns should be treated with amantadine 5 mg/kg/day, 
divided q 12 h.207 Ten to fourteen days of therapy is recommended for 
most bacterial pneumonias. Evidence for microbiologic cure should be 
obtained if possible. An additional week of therapy beyond that point 
should suffice for most pneumonias. Complicated cases, such as those 
with empyema, extrapulmonary involvement, or lung abscess, require 
longer durations of therapy. Chlamydia pneumonia should be treated 
with erythromycin for 3 weeks, because of the difficulty of eradicating 
the organism and the danger of spread and relapse. Tuberculosis is 
another exception, requiring a minimum of 9 months of therapy in most 
cases. 

Prevention. The most effective way to avoid catastrophies associated with 
severe respiratory infection in newborns is prevention. Hence it is fool
hardy to allow caretakers with obvious respiratory infection to handle 
newborn infants. The common cold syndrome in an adult may become 
life-threatening pneumonia in the infant. Although breast-feeding may 
not reduce the frequency of respiratory infections, the severity may be 
diminished. 150 

The identification of a communicable respiratory infectious syndrome 
in a newborn is an indication for appropriate isolation procedures. Clear 
examples are provided by newborns with pertussis, tuberculosis, and the 
adenovirus pneumonias. Isolettes are not appropriate isolation for these 
children. Private rooms or facilities where the ventilation can be con
trolled to decrease the risk of aerosol spread should be sought. Although 
the role of masks is controversial, they are probably indicated when caring 
for patients with pertussis or influenza. A confirmed diagnosis of respi
ratory syncytial virus infection should allow relaxation of the need for 
masks. 187 In all cases, handwashing is of the utmost importance. Extension 
of this advice to home situations is also useful. Practitioners should remind 
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parents to avoid exposing their new infant to respiratory infection as 
much as feasible. The newborn is particularly distressed by congestion 
of the airways and tires easily during feeding when secretions fill the nose 
and nasopharynx. Rarely is this life-threatening, but occasionally it can 
be. More commonly, it is a source of anxiety and distress for baby and 
family, leading to sleepless nights for both. Influenza may be prevented 
in newborns by predelivery immunization of the mother before or during 
pregnancy.358 

Prognosis. Generally excellent, the prognosis takes on more serious 
tones in babies with underlying pulmonary conditions, such as broncho
pulmonary dysplasia and recurrent aspiration syndromes, and in infants 
with congenital heart disease. 161 Repeated respiratory infection can add 
structural and hemodynamic stresses that may become life-threatening. 
Adenovirus, endobronchial tuberculosis, and, possibly, severe pertussis 
may be followed by endobronchial fibrosis with recurrent atelectasis, 
pneumoma, and bronchiolitis obliterans.473 Fortunately, these are rare 
sequelae. 

Urinary Tract Infection 

Unlike the situation in older patients, urinary tract infections in newborns 
are usually associated with bacteremia and are more common in males 
than in females. A survey of 1762 high-risk newborns found significant 
bacteriuria in 2.4% with a male-to-female preponderance of 5: 1.286 

Clinical Manifestations/Diagnosis. Some newborns are completely asymp
tomatic, while others manifest vomiting, jaundice, diarrhea, and weight 
loss. In newborns, urinalysis often correlates poorly with the presence 
of urinary tract infection. 128 Bacteriuria should be defined by means of a 
suprapubic bladder aspiration in most cases. Rarely, a true midstream 
"catch," or urine obtained at surgery directly from ureter or kidney can 
be used. Urine cultured from bags and other attached urine collection 
devices are notoriously unreliable in newborns. False-positives (as com
pared with urine cultures obtained by bladder aspiration) have been as 
frequent as 50%.363 Although the gram stain can be used as a rapid screen 
for quantities of bacteria > 105 colonies/ml, any quantity of bacteria 
cultured from the bladder is significant. Blood culture and examination 
of the CSF are indicated in almost all cases of newborn urinary infection, 
since bacteremia is so commonly part of the pathogenesis. 

Treatment. E. coli is the most common cause, although Klebsiella, Pro
teus, Streptococcus fecalis, Staphylococcus, and mixed infections also occur. 
Hence, initial therapy should include ampicillin and gentamicin or an 
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equivalent combination of antibiotics; this can be adjusted after culture 
and appropriate sensitivity testing. The duration of therapy should be a 
minimum of 2 weeks or 7-10 days after bacteriologic sterilization and 
clinical improvement. 

Prognosis. As with older subjects, reflux may be present in the acute 
stages of infection in the absence of congenital anomalies or obstruction. 
In fact, newborns have been reported with hydroureteronephrosis that 
spontaneously resolved after medical management.339 Thus a conservative 
approach appears warranted, before consideration of surgery in such 
cases, unless an obvious cause of obstruction is present. Recurrences can 
be seen within the first 3 months of life, but are infrequent thereafter, 
again unlike the situation in older children.51 

Osteomyelitis/ Arthritis 

Etiology. Osteomyelitis and septic arthritis are rare in newborns and not 
easily diagnosed.351 Predisposing conditions include bacteremia, veni
punctures, heel stick for blood sampling,276 cephalohematoma,133 and 
umbilical artery catheterization.278 Staphylococcus aureus, group B Strep
tococcus, and gram-negative enteric bacilli are important causes; unusual 
invaders include anaerobes and fungi. Causative pathogens are frequently 
present on the skin and umbilicus of infected infants and may invade 
through indwelling umbilical catheters. 

Metaphyseal foci develop early and spread quickly across the growth 
plate along transphyseal vessels. Adjacent septic arthritis may thus occur. 

Diagnosis. Radiographic changes may be seen as early as 5 days after 
infection of the bone by both hematogenous and direct routes. Radio
nuclide scans with technetium or gallium may be positive before X-ray 
changes; cultures of blood and material aspirated directly from the bone 
and/or wound material are most helpful. 

Treatment. In general, these infections are amenable to medical man
agement although recovery may be hastened by surgical debridement of 
skull and poorly vascularized areas. Objectives of therapy include steri
lization of the bone (and wound, if present); improvement in nonspecific 
signs, such as appetite, weight gain, activity, erythrocyte sedimentation 
rate, and fever; and radiographic evidence of healing. Principles of therapy 
are the same as in older infants and children, although particular attention 
should be paid to the pharmacokinetics of the antibiotics used, in con
sideration of the paucity of experience with many of these drugs in 
newborns. Efficacy of therapy should be monitored by appropriate serum 
killing activities, bacteriologic surveillance of the infected site, and sur
veillance for adverse effects due to the antibiotic treatment. These prin-
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ciples hold true regardless of the route of administration of drug, our 
bias being to treat the patient by the oral route if drug absorption can 
be shown to be adequate and patient compliance ensured. Antibiotic 
resistance is commonly encountered in nursery populations, including 
methicillin-resistant staphylococci460 and multiply-resistant Enterobacter
iaceae. A 4-week course of therapy may be sufficient, although an effort 
should be made to treat these infections for approximately 2 weeks after 
sterilization and stabilization of clinical signs. Full recovery of joint func
tion is usually reported. 

Diarrhea 

Bacterial Etiologies. When mother has diarrhea in the perinatal period, 
viral and bacterial causes are common and infection of the newborn is 
frequent. lOg Environmental sources and caretakers are also important in 
the spread of neonatal diarrhea. Salmonella or Shigella are particularly 
hazardous to the infant because of the risk of bacteremia and extragas
trointestinal infection and the prevalence of antibiotic-resistant strains.218 
Thus, knowledge of the etiology of mother's diarrhea or febrile episode 
may be lifesaving for the infant. Microscopic examination and culture of 
the infant's stool, gastric aspirate, and blood buffy coat may also provide 
early clues to etiology. Neutrophils in the stools are common with shi
gellosis, pseudomembranous colitis, and in early Salmonella enterocol
itis.201 

Campylobacter and Yersinia are uncommon causes of neonatal diarrhea 
in North America probably because of the rarity of carriage of these 
bacteria in adults and the lack of exposure to contaminated food and 
animal reservoirs. E. coli can cause epidemic diarrhea in nurseries and 
should be suspected in outbreaks.232 Quantitative cultures and serotype 
identification can be helpful in ascribing cause. Many such strains lack 
the characteristics of invasiveness and enterotoxigenicity, yet still cause 
diarrhea.272 

Cholera, if severe in the mother, may lead to abortion or premature 
onset of labor. Neonatal cholera is rare, probably as a result of maternal 
immunity transferred to the infant predominantly via breast milk. 

It is unclear whether enteric bacilli, such as Klebsiella, Enterobacter, 
Proteus, and Pseudomonas cause diarrhea in newborns. Staphylococcus 
aureus and Candida albicans need to be considered in a similar fashion. 
When these organisms are present in large numbers in the stool of 
symptomatic babies in whom the other known causes of diarrhea are 
excluded (including pathogenic bacteria, viruses, amebae, antibiotics, 
etc.), a pathogenic role is possible and specific antimicrobial therapy 
seems appropriate, along with supportive therapies and isolation. Anti-
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biotics, severe debilitation, underlying gastrointestinal disease, or specific 
exposure contribute to the pathogenesis of these acquired diarrheas. 

Viral Etiologies. Viral causes of neonatal diarrhea are becoming more 
apparent as diagnostic procedures improve.45o Thus, rotavirus has been 
implicated in nursery outbreaks of diarrhea;324 however, surprisingly large 
numbers of asymptomatic excretors have also been found.94 This creates 
a difficult problem with regard to isolation, which may have to include 
cohorting both symptomatic and disease-free, but colonized, infants. Di
agnosis is made by viral culture of stool or rectal swab specimens and 
demonstration of rotavirus or adenovirus particles by electron microscopy 
or antigen by ELISA methods. Other causes of neonatal diarrhea are 
similar to those encountered in older patients (see Chapter 6). If there 
is no history of exposure and the newborn baby appears to be the only 
case of diarrhea, consideration of noninfectious causes is recommended. 

Treatment. Antibiotic therapy is indicated for most cases of neonatal 
diarrhea due to recognized enteric bacterial pathogens (Table 3-17). This 
is because newborn immune defense mechanisms are immature and sus
ceptibility to extragastrointestinal complications is increased in these pa-

TABLE 3-17. Therapy of Neonatal Diarrhea 

Fluid 191,352 

Electrolytes 
Calories 
Isolation 

Salmonella/Shigella 

General 

Antibiotic 

Ampicillin IV 150 mg/kg/day divided q 12 h in first week, q 8 h in second 
week and q 6 h thereafter. 

or 

Chloramphenicol 25 mg/kg/day PO in first 2 weeks, then 50 mg/kg/day q 
12 h thereafter. 

Campylobacter fetus 
Erythromycin ethylsuccinate PO 40 mg/kg/day divided q 12 h. 

Yersinia enterocolitica 
Gentamicin 5 mg/kg/day 1M or IV divided q 12 h in first week, then q 8 h, 

E. coli 
Neomycin 50 mg/kg/day PO divided q 6 h X 3 days 
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tients. For example, Salmonella are capable of infecting newborns rapidly 
and in small numbers because of the relatively alkaline pH of the stomach 
and the paucity of normal gastrointestinal flora in the first few days of 
life. In some cases both parenteral and oral nonabsorbable antibiotics 
are required to hasten recovery. An example is the baby with persistent 
Salmonella gastroenteritis with mucosal ulceration and systemic invasion 
despite appropriate parenteral antibiotics. Sulfonamides should be 
avoided in the first 2 weeks or any time hyperbilirubinemia is present in 
the newborn period. Chloramphenicol concentrations should be moni
tored to avoid toxicity. 

Treatment of E. coli and other bacterial causes of gastroenteritis is 
dependent on susceptibility patterns. E. coli can usually be treated with 
colistin or neomycin by mouth for 3 days.332 Enteric isolation techniques 
(particularly scrupulous handwashing) are needed to curtail spread in all 
cases. 

C. difficile and Antibiotic-Associated Diarrhea 

As mentioned above, diarrhea may be a sign of noninfectious problems 
as well. This can be drug-induced, as exemplified by antibiotic-associated 
diarrhea. At first it appeared that the pathogenesis of this condition in 
newborns had been dicovered by extrapolation of new knowledge about 
Clostridium difficile and the role its toxins play in pseudomembranous and 
antibiotic-associated colitis of adults. 120 Alas, the explanation is not that 
simple, since several reports have documented pseudomembranous colitis 
associated with C. difficile in infants who never received antibiotics8 and, 
even more striking, C. difficile and its toxins are present in the stools of 
many asymptomatic normal newborns. 119 The role of this organism in 
the pathogenesis of necrotizing enterocolitis, another idiopathic type of 
neonatal diarrhea, is also unclear. 392 

Necrotizing Enterocolitis 

Diarrhea in newborns might also herald the onset of necrotizing enter
ocolitis in the appropriate host, i.e., prematures with past episodes of 
hypoxemia, those receiving antibiotic therapy, and those with other pre
disposing factors are particularly at risk.245 Clinical features include ab
dominal distention, bloody diarrhea, and, later, pneumatosis intestinalis 
(radiographic visualization of gas in the bowel wall). 

Etiology/Pathogenesis. The role of bacteria in the pathogenesis and 
course of necrotizing enterocolitis is unclear. Clustering of cases, appar
ent cessation of spread with cohorting,60 and predominance of certain 
bacteria in specific outbreaks e.g., Enterobacter cloacae,355 Clostridium butyr
icum,430 Clostridium difficile,80 and enterotoxigenic E. coli lO7 ) suggest that 
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bacteria and/or other infectious microorganisms (e.g., coxsackie B,226 
coronavirus,87 and rotavirus,371) play an important role in the pathogenesis 
and spread of this condition. Whether this is in fact an infectious disease 
with many causes, or a syndrome in which certain organisms act as trig
gering events or as secondary invaders, is unknown. Certainly, bacteremia 
appears to be a secondary event in this disease. 

The role of Clostridium difficile and its toxin in necrotizing enterocolitis 
is also unresolved. Both have been found with surprising frequency in 
infants with necrotizing enterocolitis. Lacking prospective examinations 
of such infants, however, it is unclear whether this is a cause or an effect 
of the condition. The situation is complicated by the fact that the gas
trointestinal flora in asymptomatic newborns also includes Clostridium 
difficile and/or one of its enterotoxins. These strains and toxins isolated 
from well newborns are indistinguishable from those seen in sick infants. 
Nevertheless, it is probable that C. difficile may be the responsible agent 
in some outbreaks of necrotizing enterocolitis. 194 Bacterial surveillance 
in nursery intensive care units is important in making such judgments. 

Currently, understanding of this disease indicates that specific hosts, 
predisposed by certain conditions, are likely to develop diarrhea due to 
nosocomially acquired gastrointestinal flora; several different bacteria in 
these flora seem capable of contributing to the condition. Those that 
elaborate enterotoxins or other necrotizing enzymes seem most likely to 
be pathogenic in this condition. Although endotoxemia has been de
scribed in the blood of these patients,383 its presence, like bacteremia, is 
probably a secondary event representing a breakdown of the normal 
defenses offered by intact gastrointestinal mucosa. 

Treatment. Since the gastrointestinal tract is severely ulcerated, and at 
times even perforated, aggressive medical management includes broad
spectrum antibiotics that are active against the bacteria mentioned above. 
Such a program could include ampicillin and gentamicin or tobramycin, 
or other combinations of /:1-lactam and aminoglycoside drugs. The ad
dition of topical (oral) gentamicin appears to offer no advantage. 196 Van
comycin may be useful in outbreaks associated with C. difficile colonization, 
although prospective studies of this approach are not yet available. 194 

Surgical intervention is necessary if perforation appears imminent, as 
resection of necrotic bowel and/or temporary colostomy can be lifesav
ing.49 Elements of treatment of neonatal diarrhea outlined above are 
appropriate for necrotizing enterocolitis as well. Multiple cases may pres
ent in a nursery at one time, suggesting that enteric isolation procedures 
may be useful in such a circumstance.6o 

Prevention. Although some studies have shown that oral aminoglycoside 
antibiotics l78 can reduce the frequency of necrotizing enterocolitis, others 
have not been able to confirm these results,6S and the cost of such pro-
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phylaxis includes the development of resistant strains.99 Furthermore, 
absorption of significant amounts of aminoglycosides may occur when 
these drugs are given orally for the prevention or treatment of necrotizing 
enterocolitis. 196 More definitive advice about prevention will rest on a 
better understanding of the cause and pathogenesis of this condition. 

Prognosis. Two recent studies of the outcome of 239 infants with nec
rotizing enterocolitis report survival rates of 45-68% and a significant 
incidence of intestinal stricture (21 %), but an excellent long-term out
come.246,387 

Skin Infections 

The presence of furunculosis, cellulitis, and omphalitis in newborns 
should be taken very seriously. Although it is common to see a small 
amount of redness around the umbilicus at the time of cord separation, 
progressive inflammation despite gentle warm compresses and alcohol 
cleansing should alert the physician to the possibility of a bacterial in
fection. Pustules and draining wounds should always suggest that pos
sibility. 

Etiology. Vesicles or pustules may be due to herpes or varicella virus, or 
to acropustulosis,281 pustular melanosis,307 or erythema toxicum, benign 
self-limited skin lesions. Cellulitis and omphalitis may be due to many 
pathogens, including aerobic bacteria, such as group B Streptococcus, 
staphylococci, Gardnerella,268 and anaerobes, including Bacteroides.68 Re
member that Listeria, groups A and B Streptococcus, herpes simplex, 
and gram-negative bacteria (including Pseudomonas and anaerobes) can 
all cause the same condition.206 Some, like Staphylococcus, can progress 
to bullous impetigo and systemic infection. Others maylead to necrotizing 
fasciitis. 401 

Diagnosis. In all instances, gram stain and culture of scraped or aspirated 
material and a blood culture should precede systemic therapy. In some, 
urine, CSF, and respiratory secretions should also be cultured. Older 
infants at home should be similarly examined and cultured if fever or 
other signs suggest systemic infection. It is wise to remember that these 
signs may be very subtle and nonspecific. Very few infants have had 
serious complications because of a lumbar puncture or blood culture. 
More have ended up in tertiary care facilities because of a hesitancy to 
carry out these procedures. 

Treatment. There are few indications for topical antimicrobial therapy 
in newborns. I know that many practitioners have observed successful 
outcomes after such treatment. The problem is there is no way to predict 



Acquired Neonatal Infections: Clinical Syndromes 191 

which babies are going to develop complications. Since the majority of 
these localized lesions are due to Staphylococcus or Streptococcus, di
cloxacillin 50 mg/kg/day (divided q 12 h in the first week and q 8 h 
thereafter) should be adequate for a 5-7-day period in most babies. Use 
of topical antiseptics may also be hazardous, as exemplified by hexa
chlorophene toxicity, and by hypothyroidism induced by percutaneously 
absorbed povidone-iodine.221 Hexachlorophene bathing can be added for 
patients with proven staphylococcal infections. Progression or persistence 
of infection should prompt aggressive measures to identify and treat 
sepSIS. 

Eye Infections 

Conjunctivitis in the newborn should prompt us to consider chlamydia, 
gonococcus, Staphylococcus, Listeria, group B Streptococcus, Haemophilus 
injluenzae,96 herpes simplex, and silver nitrate among the causes. Con
junctivitis may also be a component of systemic infection. For example, 
a newborn developed meningococcal meningitis 6 days after the initiation 
of treatment with topical chloramphenicol and oral ampicillin for purulent 
conjunctivitis.2I3 Since vaginal colonization and infection with N. menin
gitidis have been reported, the patient may have had primary meningo
coccal conjunctivitis acquired during delivery.39 

Since the etiologic spectrum of neonatal conjunctivitis is wide, smears 
and cultures are indicated.23 The gram stain is invaluable in sorting out 
the causes of infection. Silver nitrate conjunctivitis is usually noted in the 
first 3 days of life, and usually resolves with saline rinses, or no therapy, 
within 24-48 h. 333 Neonatal conjunctivitis should be diagnosed and 
treated aggressively. This usually means systemic antimicrobial therapy 
for all except chemical causes (see Chapter 4). 

Otitis Media 

Otitis media is different in newborns! Approximately 6-40% of acute 
suppurative otitis media in babies are due to gram-negative bacteria.53 

Staphylococcus aureus may also be present more frequently than in older 
infants and children. Streptococcus pneumoniae and Hemophilus injluenzae are 
also commonly causative.397 Nasotracheal intubation for longer than a 
week predisposes newborns and infants to this infection, as does feeding 
in the supine position.52 

The etiologic spectrum is wide. Therefore, consideration of a diagnosis 
of otitis media in the newborn constitutes an indication for tympanocen
tesis. Gram stain and culture of the middle ear pus will guide therapy in 
a specific fashion. In other respects, neonatal otitis media is similar to 
that seen in older children with nonspecific presenting signs, such as 
irritability or lethargy, fever, cough, vomiting, diarrhea, tachypnea, and 
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anorexia.438 Since these signs and neonatal otitis may also be present with 
sepsis, a complete examination and appropriate cultures are recom
mended before prescribing therapy. 
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