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Respiratory infections remain a significant and for
midable threat to the health and well-being of 
the neonate, despite potent antibiotics, increasingly 
sophisticated laboratory detection methods, and 
technologically advanced neonatal intensive care 
nurseries. Incidence rates for neonatal pneumonia 
range between 1.5 and 5.0 per 1,000 live births (KEY
SERLING 1997; WEBBER et al. 1990). Analysis of mor
tality rates from pneumonia alone as distinct from 
mortality from neonatal sepsis is more difficult to 
analyse. Neonatal sepsis mortality rates of up to 50% 
are still quoted (SPECK et al. 1979), but the mor
tality rates quoted for neonatal pneumonia alone 
vary between 5% and 20% (WHITSETT et al. 1999). A 
recent publication by the Centers for Disease Control 
reviewing 1998 annual statistics quotes an overall 
mortality rate from neonatal pneumonia of 12.6 per 
1,000 live births. Approximately 50% of the deaths 
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this figure is based upon were in neonates of greater 
than 2,500 g at birth (DOCUMENT # LFWK 1998). 
Approximately 10% of all NI CU patients will have 
at least one episode of pneumonia (WHITSETT et 
al. 1999). It is estimated that 17% of very low birth 
weight infants will have at least one episode of a 
nosocomial infection (THOMPSON et al. 1992), and 
that in 30% of cases this will present as arespiratory 
tract infection (HEMMING et al. 1976). Ironically, it 
seems that the increasing sophistication of neonatal 
care and highly specialised nursery units may actu
ally contribute to the incidence of neonatal sepsis 
by permitting the care of increasingly premature 
and sick neonates who would previously have suc
cumbed. The use of highly invasive monitoring and 
therapeutic equipment has life-saving potential, yet it 
can introduce a significant iatrogenic infection risk. 

6.2 
Clinical Considerations 

The reasons why neonatal pneumonia poses such a 
significant risk to the child are multifactorial. The 
neonate is considered immunologically"competent" 
in that most neonates can respond appropriately to 
antigenic stimulation. The absolute number ofT-cells 
in the neonate is similar to that in the adult as long as 
thymic function is normal during fetallife (ROBER
TON 1996). However, there are other considerations 
which ren der the neonate more susceptible to infec
tion. Studies have documented reduced leucocyte 
adherence and chemotaxis, and complement defi
ciencies have also been documented that result 
in reduced phagocytosis, and intracellular killing 
(ROBERTON 1996; SPECK et al. 1979). Surface IgA is 
absent and serum IgG can be deficient in early pre
term infants if there has not been sufficient time 
for normal maternal IgG transplacental transfer to 
occur. Even if sufficient transplacental IgG transfer 
has occurred, this supply of IgG lasts only several 
weeks, resulting in normal but transient hypogam-
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maglobulinaemia in the first few months of life. Fur
thermore, while the neonate ean initiaHy respond to 
antigenie stimulation with an IgM response, eonver
sion of this response to a more mature IgG response 
is delayed. These deficiencies frequently result in a 
neonate with a limited eapability to eontrol and/or 
limit the spread of invasive organisms. 

As weH, the physieal environment ofboth the fetus 
and the neonate have signifieant roles in their expo
sure to potential pathogens. Although the environ
ment of the fetus is generaHy eonsidered relatively 
proteetive, neonatal sepsis ean oeeur even in the pres
enee of intaet maternal amniotie membranes (KIRK
PATRICK and MUELLER 1998; SPECK et al.1979). Con
genital infeetions ean oeeur through transplaeental 
spread of a variety of organisms. During and after 
birth, the neonate is physieally exposed to potentially 
pathogenie organisms whieh may be eolonising the 
maternal vaginal eanal or may be aetively infeeting 
the mother. The neonatal nursery provides a large 
souree of invasive monitoring and therapeutie instru
ments' all of whieh ean iatrogenieally introduee 
organisms into the infant. Nursery personnel and 
family members inadvertently spread nosoeomial 
infeetions even if striet antiseptie teehnique is main
tained. It is not surprising, therefore, that, sinee the 
lungs provide a "front line" exposure between the 
neonate and its environment, neonatal pneumonia 
remains a signifieant problem in the NICV. 

Unfortunately, the clinieal signs and symptoms 
of infeetion that the neonate may manifest are fre
quently protean and non-specifie. The infant may 
simply be listless and demonstrate deereased physi
eal aetivity. Feeding intoleranee or pallor may be the 
only initial clinieal manifestations. Either apnoea or 
taehypnoea may be present, and either taehyeardia 
or bradyeardia may oeeur. The ehild may be hyper
thermie or even hypothermie. Laboratory tests may 
be equally non-specifie, demonstrating either an 
inereased or a decreased white eell eount. It is, there
fore, eommon for the clinician to perform a ehest 
radiograph to help determine whether a pneumonia 
is even a potential eause for some of these ehanges. 
The ehest radio graph, in this situation, ean become 
useful to loealise the problem to a pulmonary aetiol
ogy, even if it eannot specifieally diagnose pulmonary 
infeetion as the eause of the infant's symptoms. Given 
the fulminant potential for some aetiologieal patho
gens eausing neonatal pneumonia, any abnormality 
on the ehest radiograph whieh may suggest a pulmo
nary infeetion warrants the initiation of broad-spee
trum antibiotie eoverage (DENNEHY 1987; KIRKPAT
RICK and MUELLER 1998; SPECK et al. 1979). 
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6.3 
Radiological Considerations 

When taken in isolation, the study of the radiologieal 
manifestations of neonatal pneumonia is frequently 
disappointing. There are few definitive studies in the 
literature analysing the various radiologie al findings 
as they eorrelate to aetiologieal agents as well as how 
they eompare with other eauses of respiratory eom
promise. Most studies eoneur that the radiologieal 
findings alone are disappointingly non-specifie, to 
the extent that it is almost impossible to determine a 
eausative organism from the radiographie manifes
tations (BURKO 1962; CURRARINO and SILVERMAN 
1957; HARRIS 1963; ROBERTON 1996; WIESENBERG 
1973). Furthermore, many of the neonates eoneerned 
do not suff er from pneumonia in isolation but may 
also have complieating features sueh as hyaline mem
brane disease (HMD), meeonium or amniotie fluid 
aspiration, persistent pulmonary hypertension, tran
sient taehypnoea of the newborn, secondary ARDS, 
or a variety of other eauses of neonatal respiratory 
distress. In one of the few studies looking specifi
eally at radiologieal patterns in neonatal pneumo
nia, HANEY et al. (1984) reviewed autopsy reeords of 
all neonates who died over a 6-year period and in 
whom the autopsy doeumented pathologieal ehanges 
of pneumonia as the only signifieant abnormality. A 
review of their immediate pre-mortem ehest radio
graphs revealed that the majority of eases demon
strated bilateral air spaee disease. Unfortunately, a 
pattern indistinguishable from that ofHMD was seen 
in 13%, and a pattern initially indistinguishable from 
transient taehypnoea of the newborn was seen in 
17%. 

A few features have been deseribed whieh may 
be helpful in identifying pneumonia as the souree 
of respiratory distress. Some authors have postu
lated that hyperaeration in the non-intubated neo
nate whose radiograph demonstrates a pattern of air
spaee disease suggests the presenee of pneumonia 
rather than hyaline membrane disease (HARRIS 1963; 
WIESENBERG 1973). Unfortunately, only 17% of the 
population deseribed by HANEY et al. demonstrated 
over-inflation, and most of these were intubated 
on their pre-mortem examination. Others have sug
gested that air-spaee disease in the presenee of a 
pleural effusion is more suggestive ofbaeterial pneu
monia than of other eauses of neonatal respiratory 
distress, espeeially when group B streptoeoeeus is the 
aetiologieal agent (HANEY et al.1984; LEONIDAS et al. 
1977; PAYNE et al. 1988). The presenee of pneu
matoeeles may also suggest a baeterial aetiology, 
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although this finding is not exclusive to staphyloeoe
eal pneumonia (PAPAGEORGIOU et al. 1973; WIESEN
BERG 1973). As well, a diffuse, bilateral, alveolar pat
tern that develops in the first 4-6 hours of life is 
eharaeteristie, although not specifie, for early neo
natal sepsis and pneumonia, especially when group 
B streptoeoeeus is the aetiologieal agent. Aneillary 
ehest radiographie findings may be helpful in sug
gesting a diagnosis. Air-spaee disease in eonjunetion 
with periostitis or osteomyelitie lesions may suggest 
eongenital syphilis, while interstitial diffuse retieu
lonodular pattern in eonjunetion with metaphyseal 
lueencies suggests a congenital viral aetiology. A dif
fuse interstitial pattern alone is non-specifie, but if 
associated hepatosplenomegaly and intraeerebral eal
cifieations are present, CMV pneumonitis beeomes a 
likely aetiology. Although the initial ehest radio graph 
may be non-specifie, serial ehest radiographs ean be 
extremely useful, especially in differentiating the rap
idly resolving pattern of transient taehypnoea of the 
newborn from the more persistent pattern of neona
tal pneumonia. As weH, serial examinations are fre
quently used to follow the response to therapeutie 
interventions sueh as antibiotie administration. 

6.4 
Aetiological Agents 

It is best to review the major aetiologieal organisms 
and their respeetive radiographie patterns aeeording 
to the initial souree of neonatal infeetion. These are 
eommonly divided into agents eausing transplaeen
tal infeetion, agents aequired perinatally, and those 
aequired postnatally or nosoeomially. 

6.4.1 
Transplacentallnfection 

Transplaeentally transmitted infeetions eonforming 
to the traditionally taught pneumonie of "TORCH" 
(or "CROTSH") are, fortunately, quite rare. The pul
monary manifestations of these partieular infec
tions are even less common. While many perinatally 
aequired infeetions gain aceess to the fetus/neonate 
via aspiration or inhalation, transplaeental infections 
enter the fetus haematogenously, via the umbilical 
cord. Most infants, therefore, tend to manifest sys
temie and multi-organ disease rather than a primary 
pneumonitis. It is, therefore, not surprising that the 
medical literature is generally deficient in reviews 
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of the radiologie al manifestations of pneumonia in 
infants with transplaeentally aequired infeetions. 

The most eommon of these disorders appears to be 
the fairly ubiquitous eytomegalovirus (CMV), whose 
presence is well documented in all ages, races and 
socio-economie levels throughout both the devel
oped and the developing eountries. However, even in 
these populations estimates of fetal infeetion rates 
are very low. Approximately 1 % of all newborns 
demonstrate a serologie response to transplaeentally 
aequired CMV. However, 90% of these infants are 
asymptomatie and demonstrate no sequelae of the 
infection. When clinieally evident infection does 
oeeur, the primary manifestations are usually sys
temic,including intrauterine growth retardation,hep
atosplenomegaly and thromboeytopenia. The most 
signifieant primary organ of involvement is the cen
tral nervous system, producing mierocephaly, intra
cranial calcifications and sensory neural hearing loss. 
Congenital CMV pneumonitis is a rare manifestation, 
oecurring in only 1-2% of CMV-infected newborns 
(DWORSKY and STAGNO 1982). It is signifieantlymore 
common in infants who acquire the infection from 
other sources sueh as transvaginal exposure, from 
maternal breast milk, or from neonatal blood trans
fusions (DWORSKY and STAG NO 1982; STAGNO et al. 
1980; WHITSETT et al. 1999). Although the radio
graphie manifestations of eongenital CMV pneumo
nitis have not undergone statistieal serutiny, it is 
commonly aceepted that this infeetion manifests as a 
diffuse retieulonodular, non-specifie, viral interstitial 
pattern (DENNEHY 1987; WHITSETT et al. 1999; WIE
SENBERG 1973) similar to that of many viral pneu
monitides (Fig. 6.1). 

Fig.6.1. Newborn with documented CMV pneumonia. There is 
a non-specific diffuse interstitial and predominantly reticular 
pattern, which is typicaI of viral pneumonitides 
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Other, less common, transplaeentally aequired 
pneumonitides inc1ude rubella, syphilis, Listeria 
monocytogenes and tubereulosis. In general, mater
nal infeetion rates with tubereulosis and syphilis 
are inereasing in both developing and industrialised 
eountries. This ean be partially explained by the 
widespread inerease in migration rates into industri
alised eountries from eountries in whieh infeetions 
rates are relatively high. As well, the world-wide HIV 
epidemie has permitted many of these organisms to 
propagate through immunosuppressed hosts. 

Congenital infeetion rates from syphilis were 
inereasing in the 1980s and 1990s in predominantly 
urban geographie foei. This trend appeared to peak 
in the early 1990s, with over 4,000 reported eases 
to the Center for Diseases Control in the United 
States, deereasing to approximately 2,000 eases in 
1996 (SANCHEZ and WENDEL 1997). Congenital syph
ilitie pneumonia is an uneommon manifestation 
of eongenital syphilis, seen in only approximately 
5-25% of eases of eongenital syphilis (SANCHEZ and 
WENDEL 1997). It is eommonly referred to as "pneu
monia alba", due to the pathologie whitish plaque-like 
appearanee of the areas of consolidation. Radiologi
eally, it usually appears as a diffuse proeess (Fig. 6.2), 
but may manifest larger patehes of air-spaee disease 
eorresponding to mononuc1ear organising infiltrates 
(ROBERTON 1996). One helpful sign on a ehest radio
graph is the presenee of osseous lesions sueh as dif
fuse long bone periostitis, a radiographie sign whieh 
is more eommonly seen in eongenital syphilis than 
pulmonary eonsolidation. 

Fig. 6.2. Newborn infant born at 35 weeks of gestation to a 
mother treated during a previous pregnancy for congenital 
syphilis. The radiograph demonstrates a diffuse and bilateral 
pneumonitis, and the child had clinical findings of pneu
monia. Associated bone changes are barely visible in the 
humeri, but are more apparent on other bone films. The infant 
responded weil to appropriate antibiotics 
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Listeria monocytogenes is a gram-positive organ
ism whieh ean be aequired transplaeentally or perina
tally and frequently presents as pneumonitis. Material 
infeetion is usuallywithin 2-3 weeks of deliverywith a 
non-speeifie 'flu-like illness. The illness in the neonate 
is c1inieally similar to group B streptoeoeeus, dem
onstrating an "early" -onset variety whieh presents in 
the first 72 hours of life, and a "late" -onset form that 
beeomes manifest after 7 days of life. At least 
50% of those with the "early" -onset form demon
strate respiratory traet involvement (BORTOLUSSI and 
SCHLECH 2001). The predominant radiographie pat
tern deseribed is fairly non-speeifie. In a eomprehen
sive review of 55 eases of neonatallisteriosis, in 39 of 
whieh ehest radiographie examination was performed, 
two equally eommon patterns were deseribed (WIL
LICH 1967). The first is a bronehopneumonie pattern 
of streaky and eonfluent opaeities, and the seeond 
is a diffuse, fine interstitial pattern. It is postulated 
that parts of the bronehopneumonie, coarser inter
stitial pattern eorrelates with multi-foeal granulomas 
in medium and smaller airways. These radiographie 
manifestations are remarkably similar to group B strep
toeoeeal pneumonia aequired perinatally as deseribed 
below (WHITSETT et al.1999; WIESENBERG 1973). 

Congenital tubereulous infeetion is a rare disorder, 
having been reported in fewer than 300 eases in the 
mediealliterature (STARKE 1997). It oeeurs seeondary 
to disseminated maternal infeetion, whieh produees 
plaeental easeating granulomas. Pulmonary manifes
tations are uneommon as the usual primary site of 
infeetion is the liver from umbilieal eord seeding. How
ever, the pateney of the duetus venosus and foramen 
ovale ean result in disseminated infeetion relatively 
easily. Neonatal tubereulosis may oeeur from aspi
ration of infeeted amniotie fluid, from ingestion of 
infeeted breast milk, or from inspiration of maternal 
respiratory droplets. Respiratory distress is a fairly 
eommon manifestation of neonatal tubereulosis, seen 
in approximately 72% of eases (STARKE and SMITH 
2001). Parenehymal eonsolidation and adenopathy are 
eommon radiographie manifestations, although up to 
50% of eases with radiographie findings demonstrate 
a miliary pattern (STARKE and SMITH 2001). 

Although the pneumonie TORCH inc1udes toxo
plasmosis and herpes, the former uneommonly 
eauses pneumonitis, and the latter is more appro
priately eonsidered under perinatally aequired infee
tions. Cases reports of plaeental infeetions with influ
enza A (ARVIN and MALDONADO 2001), varieella 
(KEYSERLING 1997), adenovirus (ABZUG and LEVIN 
1991) and eehovirus (CHEESEMAN et al. 1977) are 
deseribed but are exeeedingly rare. 
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6.4.2 
Perinatallnfections 

6.4.2.1 
C/inica/ Considerafions 

Perinatally acquired infections can be clinieally cat
egorised into those which are acquired via ascending 
infection from the vaginal tract, those acquired trans
vaginally during the birth process and those acquired 
nosocomially in the neonatal period. 

Ascending infections from the matern al vaginal 
tract are the usual cause of chorioamnionitis. It is 
estimated that maternal chorioamnionitis compli
cates an approximate 1-10% of all pregnancies in 
industrialised countries (BELADY et al. 1997), and 
are probably much more common in underdeveloped 
countries due to poorer maternal health care. Factors 
predisposing to chorioamnionitis include rupture of 
membranes greater than 24 hours prematurely, fetal 
instrumentation, increased number of vaginal exam
inations before birth,and prolongedlabour.Although 
the organisms causing fetal sepsis are, as expected, 
polymierobial, nearly half of all infections are attrib
utable to either group B streptococcus or E. coli 
(BELADY et al.1997). 

It is postulated (WIESENBERG 1973) that most 
organisms causing neonatal pneumonia gain entry to 
the infant during the birth process as the fetus takes 
the first gasping efforts at breathing. This may occur 
earlier during the course of labour in the asphyxi
ated infant, who may swallow and/or aspirate earlier 
in response to non-specific stressful events. It is for 
this reason that clinieal signs or symptoms of mater
nal chorioamnionitis warrant the use of maternal 
intravenous antibiotics, which have been shown to 
significantly decrease the risk of sepsis and pneumo
nia in the neonate (BE LADY et al. 1997). 

There appears to be two separate clinical syn
dromes for neonatal sepsis and pneumonia, whieh 
are significantly different in symptomatology and 
outcome. Those infants with pneumonia or sepsis 
presenting within the first 48 hours of life tend to 
have a more acute and severe clinieal picture of 
hypotension, shock, disseminated intravascular 
coagulation and multi-organ failure. Mortality rates 
in this "early" -onset form vary between 30% and 50% 
(BOHIN and FIELD 1994; KIRKPATRICK and MUEL
LER 1998; SPECK et al. 1979; WHITSETT et al. 1999), 
especially when the offending organism is group 
B streptococcus. Those infants presenting after 48 
hours tend to have a less fulminant course with mor
tality rates of less than 5% (BOHIN and FIELD 1994). 
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As well, the clinical symptoms tend to be less drastie, 
presenting with respiratory difficulty or less severe 
systemie manifestations. 

6.4.2.2 
Radi%gica/ Considerafions 

Unfortunately, the radio graph manifestations of the 
various aetiologieal agents carry a very poor specific
ity. As noted previously, multiple studies have docu
mented the non-specificity of the radiographie pat
terns of neonatal pneumonia (ABLOW et al. 1976; 
BURKO 1962; CURRARINO and SILVERMAN 1957; 
HANEY et al. 1984; HARRIS 1963; LEONIDAS et al. 1977; 
LILIEN et al.1977). This holds true both in regards to 
differentiating various aetiological mierobial agents 
as well as to differentiating pneumonia itself from 
other cause of respiratory distress, such as TTN, 
HMD, and meconium aspiration. The two findings 
whieh have been postulated as helpful in differentiat
ing infection from other causes of respiratory distress 
include the presence of a pleural effusion (LEONI
DAS et al. 1977), cardiomegaly (HUBBELL et al. 1988), 
and pulmonary over-inflation, the last of whieh is 
postulated to help only in differentiating group B 
streptococcal pneumonia from HMD (ABLOW et al. 
1976). The most common radiographie manifesta
tion of neonatal pneumonia is a bilateral coarse pat
tern of perihilar reticular densities, whieh may also 
involve scattered areas of air-space disease (WIESEN
BERG 1973) (Fig. 6.3). Distinct isolated lobar pneu-

Fig. 6.3. ehest radiograph of a l-week-old premature infant 
born at 26 weeks of gestational age, with documented Pseudo
monas pneumonia. Bilateral air-space changes are noted on a 
background of diffuse interstitial changes. 
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monia is uncommon in this age group (ABLOW et al. 
1976; CURRARINO and SILVERMAN 1957; HANEY et 
al. 1984; HARRIS 1963; WIESENBERG 1973), whieh is 
probably related both to the aspirated route of entry 
and to the inability of the neonate to control infection 
locally. 

The radiographie differentiation of pneumonia 
from other processes becomes even more difficult in 
the preterm infant. LILIEN et al. (1977) reviewed the 
radiographic pattern of early-onset group B strepto
coccal pneumonia in 73 infants of whieh 86% were 
premature. A significantly larger portion of those 
preterm infants with a radiographie pattern of HMD 
actually had both HMD and group B streptococcal 
pneumonia than those who had HMD alone. Nev
ertheless, ABLOW et al. (1976) reviewed the radio
graphie patterns of a smaller number of preterm 
infants and found that half of those who died of 
fulminant early-onset group B streptococcal sepsis 
demonstrated a radiographie pattern that could not 
be differentiated from that of HMD. They note, how
ever, that the "overall volume of the lungs is usually 
increased" in neonatal pneumonia. LEONIDAS et al. 
(1977) in his review of 67 infants of all gestational 
ages admitted for respiratory distress, found that the 
pattern of parenchymallung disease was just as likely 
to be "typical" for pneumonia as it was to be "typieal" 
for HMD. In their study, the presence of cardiomegaly 
or pleural effusions was more likely to represent neo
natal sepsis. 

6.4.2.3 
Specific Agents 

6.4.2.3.1 
Bacterial 

Group B streptococcal sepsis is one of the most 
common causes of neonatal sepsis. As such, there is 
more literature published regarding this partieular 
agent than regarding most others. The radiographie 
manifestations initially described by ABLOW et al. 
(1976) were essentially those of HMD. They described 
a "fine, diffuse granular pattern" in 50% of infants 
who died of"early" -onset, fatal group B streptococcal 
infection (Fig. 6.4), with the remainder of fatal cases 
demonstrating either similar findings or more focal, 
lower lobe opacification. Non-fatal cases tended to 
have a more heterogeneous pattern of mixed intersti
tial and air-space changes. A subsequent study sug
gested that cardiomegaly and/or pleural effusions 
may help to differentiate group B streptococcal infec
tion from HMD (LEONIDAS et al. 1977), while admit-
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Fig.6.4. One-week-old infant with typical non-specific changes 
of diffuse air-space disease from group B streptococcal pneu
monia 

ting that there are many other causes for the presence 
of these findings. 

There is a curious association between this partic
ular infection and the presence of a diaphragmatic 
hernia, especially when the hernia is right sided. Sug
gested mechanisms for the presence of this associ
ation have included a primary abnormality of lung 
compliance, secondary effects of mechanical venti
lation on the infected lung, or direct local effects of 
the organism itself (POTTER et al. 1995). Whatever the 
mechanism, persistent ventilatory requirements and 
abnormalities on the chest radiograph in neonates 
after the treatment of group B streptococcal pneumo
nia should alert the radiologist to the possibility of 
an associated diaphragmatie hernia. 

Other perinatal infections with such bacteria as 
Pseudomonas, E. coli, Klebsiella and other strepto
cocci have received litde attention in the literature 
with respect to specific radiographic patterns. 

6.4.2.3.2 
Viral 

Perinatal viral infections such as herpes, varieella, 
RSV and adenovirus infections tend to be signifi
candy less common than the bacterial causes of neo
natal sepsis described above. 



Diagnostic Imaging of Neonatal Pneumonia 

Neonatal herpes infection can be acquired trans
placentally, during birth, or even postnatally. The 
majority of neonates acquire the virus transvaginally 
from a mother who is actively shedding the virus. 
Only a small minority of infected women are actu
ally shedding the virus during labour (KOHL 1997). 
As weIl, only a minority of infants exposed will 
become clinically infected. As a result, neonatal her
petic pneumonia is an uncommon disorder, affect
ing approximately 1 in 7,000 live births in the Uni ted 
States (KOHL 1997). This rate, however, is increasing, 
with some studies revealing a ten-fold increase over 
the past 20 years (KOHL 1997). Although pneumonitis 
occurs in only 5-25% of infected newborns, it tends 
to take a fulminant and progressive course (DOMIN
GUEZ et al. 1984; HUBBELL et al. 1988; KOHL 1997). 
The radiographie findings described are similar to 
those observed in most viral pneumonitides, start
ing as bilateral interstitial perihilar retieular densi
ties (Fig. 6.5) that can initially be quite subtle. Con
fluent alveolar changes occur as the pneumonitis 
progresses, progressing to diffuse pulmonary opac
ity that may have accompanying pleural effusions 
(DOMINGUEZ et al. 1984; HUBBELL et al. 1988). 

Varieella in the neonatal period is a rare disease. 
It is estimated that approximately 3,000 cases of 
maternal varieella occur in the United States annu
ally (KEYSERLING 1997). Transplacental infection is 
extremely rare, but can result in a congenital vari
cella syndrome, characterised primarily by limb and 
CNS malformations. Respiratory involvement is seen, 
however, in varicella acquired by the infant in the 
neonatal period from a mother who is actively shed
ding the virus. In order for the mother to be actively 
shedding the virus, maternal infection must have 
occurred within 3 weeks of delivery. As weIl, it is not 
uncommon for neonatal infection to occur via noso
comial or familial exposure. The severity of neonatal 
disease acquired from a prenatally infected mother 
varies with the time of delivery. Maternal shedding is 
most active in the first few days when the rash starts 
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Fig. 6.5. Twelve-day-old infant with severe interstitial pneu
monitis and diffuse anasarca from viral sepsis secondary to 
herpes 

to appear. At this time, maternal antibody response is 
still developing, and little significant antibody crosses 
the placenta. Birth in this period, therefore, results in 
a more severely infected neonate, with fatality rates 
quoted as between 20% and 40% (ALBRITTON 1998). 
Administration of varieella-zoster immunoglobulin 
(VZIG) in this period has been shown to ameliorate 
the severity of neonatal infection (KEYSERLING 
1997). 

Neonatal varieella pneumonia is a severe compli
cation of disseminated varieella infection and is a 
major cause of neonatal mortality from this infec
tion. There is, however, a paucity of published reports 
concerning the radiographie manifestations of neo
natal varicella pneumonia. The classieally described 
radiographie manifestation in older individuals is 
that of a diffuse interstitial retieulonodular pattern 
(Fig. 6.6), which characteristieally appears a little 
more nodular than reticular (ALBRITTON 1998). 

Case reports of neonatal pneumonitis from ade
novirus (ABZUG and LEVIN 1991), RSV (BERKOVICH 

Fig.6.6. This infant died at 12 days oflife 
after developing disseminated varicella 
from a mother who manifested active 
skin lesions 1 week before delivery 
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and TARANKO 1964; KEYSERLING 1997; MEISSNER et 
al. 1984), parainftuenza (MEISSNER et al. 1984) and 
enteroviruses (KEYSERLING 1997) have been pub
lished, whieh provide only aneedotal deseriptions of 
the radiographie patterns of these viruses in the neo
nate. Most deseribe bilateral perihilar "infiltrates" as 
the predominant radiographie pattern. 

6.4.2.3.3 
Others 

Chlamydia trachomatis. Chlamydial pneumonia is 
eaused by Chlamydia trachomatis, an obligate intra
eellular parasite whieh is a eommon, sexually trans
mitted infeetion. Approximately 4 million new eases 
of maternal ehlamydial infeetion are reported in the 
United States annually to the Centers for Disease 
Control (HAMMERSCHLAG 1994). Approximately 30% 
of infants born to infeeted mothers will have positive 
nasopharyngeal eultures, but only 30% of these will 
develop pneumonia. Clinieally, the infant typieally 
demonstrates an initial eonjunetivitis 5-14 days after 
birth. This tends to resolve, and the pneumonitis 
only beeomes manifest after 4-12 weeks of age. Clini
eal manifestations are mild, and fever is eharaeter
istieally absent (HAMMERSCHLAG 1994). The radio
graphie manifestations are typieally non-specifie, 
but the pattern deseribed is that of hyperinftation 
with bilateral diffuse retieular perihilar infiltrates 
(Fig.6.7) (HAMMERSCHLAG 1994; HARRISON et al. 
1978; Hess 1993; RADKOWSKI et al. 1981; RETTIG 

Fig.6.7. Two-week-old with extensive interstitial and alveolar 
changes from Chlamydia pneumonia. The young age of this 
infant is atypical, most cases presenting after 1 month of life 
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1988). Interestingly, STAGNO et al. (1981) reviewed a 
series of infants with pneumonitis eaused by CMY, 
Chlamydia, Ureaplasma and Pneumocystis and found 
the radiographie patterns indistinguishable. Chla
mydial infeetion is generally mild, and even untreated 
infants usually improve over 4-8 weeks (RETTIG 
1988). There is some evidenee, however, that these 
ehildren demonstrate long-term obstruetive ehanges 
to pulmonary funetion tests, with a signifieantly 
greater incidenee of physician-diagnosed asthma in 
later ehildhood (WEISS et al. 1986). 

Ureaplasma urealyticum. Ureaplasma urealytieum is 
a miero-organism whieh is similar to the myeoplasma 
species in that it is a unieellular organism without a 
eell wall. Asymptomatie colonisation of the maternal 
genital traet with Ureaplasma urealyticum is exeeed
ingly eommon, affeeting over half of all pregnant 
women. However, it has reeently been proposed 
that it has apathogenie potential in neonates (DWOR
SKY and STAGNO 1982; WANG et al. 1997). A sig
nifieant association and eausative eonneetion have 
been established between maternal eolonisation with 
U. urealyticum and ehorioamnionitis, spontaneous 
abortion and early neonatal death (DWORSKY and 
STAGNO 1982). In addition, radiographie ehanges of 
Ureaplasma infeetion were diagnosed by a radiolo
gist appropriately blinded twiee as frequently in Ure
aplasma-infeeted babies than in those who were eul
ture negative (CROUSE et al. 1993). Unfortunately, the 
radiographie findings, whieh eorrelated with tracheal 
isolation of Ureaplasma, were broad and non-spe
cifie. The radiographie findings, whieh were taken 
to be indieative of Ureaplasma infeetion, included 
any radiographie manifestation of bronehopulmo
nary dysplasia, as weIl as aseries of non-specifie 
findings of mixed interstitial and air-spaee ehanges 
(Fig.6.8). The study eonfirms that radiographie 
ehanges do oeeur in the presenee of Ureaplasma 
infeetion, but unfortunately the relative frequeney or 
specificity of the findings was not addressed. The 
authors eonclude, however, that radiographie mani
festations of typical type III or IV bronehopulmonary 
dysplasia are associated with Ureaplasma infeetion, 
especially when these ehanges are seen at a ehrono
logieal age that is slightly earlier (2 weeks postnatally) 
than expeeted from the usual age in neonates with 
bronehopulmonary dysplasia (CROUSE et al. 1993). 
Interestingly, there is strong evidenee demonstrat
ing a signifieantly higher incidenee of ehronic lung 
disease in infants with previously eulture-proven 
Ureaplasma urealyticum pneumonitis (WANG et al. 
1997). 
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Fig. 6.8. A Baseline state of mild chronic lung disease of I-month-old premature infant born at 25 weeks of gestational age. 
B Same infant 1 week later, after respiratory deterioration requiring significantly higher ventilatory settings. Cultures of endo
tracheal tube aspirates were positive for Ureaplasma, and the infant responded weil to appropriate antibiotics 

6.4.3 
Postnatal/Nosocomiallnfections 

Although the care of sick and premature infants 
has progressed to a remarkable extent in recent 
decades, the problem of nosocomial spread of infec
tion remains a significant cause of morbidity and 
mortality in neonatal intensive care units. The topic 
is very broad, encompassing all infections acquired 
from any source while still in the nursery. This 
includes fungal complications related to the adminis
tration of broad-spectrum antibiotics. As mentioned 
previously, at least one study has documented an inci
dence rate of 17% of all low birth weight infants 
who will acquire at least one nosocomial infection 
during their stay in the nursery (THOMPSON et al. 
1992). HEMMING et al. (1976) reviewed all nosoco
mially acquired infections in a 3-year period and 
discovered that 30% of them resulted in pulmonary 
infection. In that study, the most common pathogens 
discovered were Staphylococcus aureus (47%) and 
gram-negative enteric bacilli (45%). A more recent 
review (THOMPSON et al. 1992) found Streptococcus 
epidermidis to be the most common organism 
responsible for secondary infections in infants with 
birth weights less than 750 g. Interestingly, aside from 
low birth weight, the other significant risk factor for 
acquisition of a nosocomial infection was prolonged 
ventilation. 

One key to the diagnosis of a nosocomially 
acquired respiratory tract infection appears to be the 
presence of deteriorating radiographie changes after 
an initial period of stability or improvement. The 

radiographie pattern of deterioration may be non
specific, but the presence of any deterioration can aid 
in an early and aggressive clinieal response to diag
nosis and treatment of a potential pneumonitis. This 
is especially true when the causes of pneumonia are 
fungal, where laboratory identification of the organ
ism is frequently delayed. In a review of fungal infec
tions in very low birth weight infants (BALEY et 
al. 1984), a mean of 33 days was required to diag
nose the presence of a fungal infection. Clinieally evi
dent respiratory deterioration was present in all ten 
infants, and eight of these demonstrated worsening 
pulmonary infiltrates. The chest radio graph, there
fore, becomes an integral part of the clinical investi
gation of these infants. A systematic review of previ
ous films must be performed to permit recognition 
of new changes superimposed on complex chronic 
changes which are frequently present. 

6.5 
Conclusion 

Neonatal pneumonia remains a significant risk to 
infant health and well-being, despite significant 
advances in the quality and complexity of neonatal 
care. Ironically, the risk of iatrogenic pulmonary 
infection is rising with the level of sophistication of 
neonatal medicine. Both the clinieal manifestations 
and the radiographie appearances of many of these 
infections are non-specific. The role of the paediatric 
imager in these children with multi-system disease 

b 
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beeomes eritieal in those eases in whieh the radio
graphie pattern is sufficiently specifie to be defini
tive. In eases with non-specifie radiographie mani
festations, the paediatrie imager has a eritieal role in 
helping the clinieian to identify a pulmonary site of 
disease and in following up therapeutie responses. 
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