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Summary. The case of a 9-month-old baby girl who failed
to develop normally due to nutritional neglect and sec-
ondary immunodeficiency characterized by marked thymic
involution is reported. The child died of systemic Pseu-
domonas aeruginosa (P. aeruginosa) infection manifested
in pneumonia, lung abscesses, bacterial endocarditis and
ecthyma gangrenosum. At autopsy the child was 64 cm in
height (normal for a 4- to 5-month-old child) and 5.1kg
in weight (normal for a 2- to 3-month-old child). Multiple
gangrenous ecthymas, consisting of deep ulcers, indura-
tion and inflammation, were observed in the skin over
the entire body. The lungs showed hemorrhagic pneumo-
nia, multiple lung abscesses, and necrotizing arteritis in
the abscesses and surrounding areas. The thymus weighed
2.3 g and showed marked involution. Histological exam-
ination showed so-called nutritional thymectomy charac-
terized by servere cortical atrophy and clustering, cystic
dilation and amorphous changes of the Hassall’s corpus-
cles. In the heart, dark brown verrucae were present at
the attachment sites of the tendinous cords of the papil-
lary muscle in the anterior and posterior cusps of the
mitral valve, suggesting infectious endocarditis. Bacteri-
ological examination demonstrated P. aeruginosa in the
ecthymas, lung abscesses and blood. As primary immu-
nodeficiency was considered unlikely, immunodeficien-
cy secondary to thymic involution following malnutrition
seemed to have led to a fatal systemic infection with
P. aeruginosa, whose virulence is generally weak. This
suggests a close association of the development of such
infection and immunodeficiency with child neglect.
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Zusammenfassung. Beschreibung eines 9-Monate alten
weiblichen Séuglings, welcher sich wegen Mangelernih-
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rung verzogert entwickelte. Die Entwicklungsstérung
fithrte zu einer Immundefizienz, welche durch eine aus-
geprigte Thymus-Involution charakterisiert war. Das
Kind starb an einer systemischen Infektion durch Pseu-
domonas aeruginosa mit Manifestation einer Pneumo-
nia, Lungenabszessen, bakterieller Endokarditis und
Ecthyma gangraenosum. Bei der Obduktion war das
Kind 64 cm lang — entsprechend einem Alter von 4-5
Monaten — und wog 5,1kg — entsprechend einem Le-
bensalter von 2-3 Monaten. Die Haut des gesamten
Korpers wies multiple gangrinose Ecthyme auf, welche
aus tiefen Geschwiiren, Verhértung und Entziindung be-
standen. Die Lungen zeigten eine himorrhagische Pneu-
monie, zahlreiche Abszesse und eine nekrotisierende
Arteriitis in den Abszessen und in den'umgebenden Ge-
weben. Der Thymus wog 2,3 g und zeigte eine ausge-
prégte Involution. Die Histologie zeigte eine sog. ,.er-
ndhrungsbedingte Thymektomie“, welche durch schwere
kortikale Atrophie charakterisiert war und durch An-
hdufung, zystische Erweiterung und amorphe Verinde-
rungen der Hassall’schen Korperchen. Im Herzen waren
tiefbraune Warzen vorhanden. An den Anheftungssei-
ten der Sehnenfiden der Papillarmuskeln im vorderen
und hinteren Segel der Mitralklappe, wie bei infektidser
Endokarditis. Die bakterielle Untersuchung wies Pseu-
domonas aeruginosa in den Ecthymen, den Lungenabs-
zessen und im Blut nach. Da eine primére Immundefi-
zienz als unwahrscheinlich erachtet wurde, wurde eine
sekunddre Immundefizienz aufgrund einer Thymusinvo-
lution, bedingt durch Nahrungsmangel, fiir ursichlich
fiir die Pseudomonas aeruginosa-Infektion gehalten, ein
Keim, welcher generell wenig virulent ist. Dieser Um-
stand legt eine enge Assoziation zwischen der Entste-
hung dieser Infektion und der Immundefizienz durch
Kindesvernachlissigung nahe.

Schliisselworter: Kindesvernachlidssigung — Mangeler-
nidhrung — Thymusinvolution — Sekundire Immundefi-
zienz — Pseudomonas aeruginosa-Infektion
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Fig.1. Multiple ecthyma gangrenosum in the lumbogluteal region. Deep ulcers
varying in size and surrounding induration and inflammation are observed

Fig.2. Markedly involuted thymus in the mediastinum between
the right and left lungs (arrow head) and multiple abscesses in both
lungs (arrows). The entire lungs show hemorrhagic pneumonia
and attachment of fibrin, exudated to the bilateral lower lobes due
to pleuritis

Introduction

The diagnosis of child abuse represented by the battered
child syndrome is based on various old and new injuries
resulting from being beaten. Intracranial damage due to
violence frequently causes death [1] but on the other
hand, some children die of malnutrition as a result of
neglect [2].

The case of a 9-month-old baby girl is reported, who
was born at term with no abnormalities, developed im-
munodeficiency secondary to negligent malnutrition and
died of systemic Pseudomonas aeruginosa (P. aeruginosa)
infection. In addition, the relationship between malnu-
trition due to child abuse and neglect and infection is dis-
cussed.

Case report

1. Case profile

A woman living with a man disappeared, also leaving
her 9-month-old baby daughter and her son of 2 years 3
months. The 9-month-old child had been born at term
with no abnormalities, but had suffered from malnutri-
tion since birth. The man did not provide the female in-
fant with adequate nutrition; she developed fever and
skin eruption on December 23 but was not taken to hos-
pital. She was found dead in the bedroom at about 3:00
p.m. on January 1. Approximately 18h later, a judicial
autopsy was performed on the grounds of suspected
abandonment by the protector resulting in death.

2. Physical findings

The child was 64 cm in height, weighed 5.1kg and ap-
peared malnourished. Mild greenish putrefactive dis-
coloration was observed in the abdomen. The scalp and
the skin of the scapular region, the upper and lower ex-
tremities (especially the medial femur), the lumboglu-
teal region and the external genitalia emitted a specific
foul odor and showed ulcerative lesions of various sizes.
These lesions had sharp margins with a deep ulcer in the
center, partly covered with crusts containing dark red-
brown blood and accompanied by induration and inflam-
mation in the surrounding area (Fig.1). In addition,
there were multiple indurations with a red halo, blisters
and pustules with various degrees of central ulceration.
These skin lesions were macroscopically diagnosed as
ecthyma gangrenosum (or ecthyma cachecticorum or ec-
thyma gangrenosum cachecticorum) [3, 4], which was
confirmed by histopathological examination of the skin.

There was some bleeding (1-4cm diameter) in the
subcutaneous soft tissue of the right cheek anterior to
the right auricle and in the right auricle. In each latero-
abdominal region, there was an old rectangular skin scar
with a slightly pale central area surrounded by light
brown pigmentation.

3. Autopsy findings

In both lungs, multiple abscesses (about 1cm in diame-
ter) surrounded by hemorrhagic necrosis were present.
Inflammation extended throughout the lungs with in-
flammatory pleural adhesions on the anterior and poste-
rior surfaces of the bilateral lower lobes and pleurisy
on the visceral and parietal sides. The thymus showed
marked involution and weighed only 2.3 g (Fig. 2).

In the heart, dark brown verrucae were observed at
the attachment site of the papillary muscle at the an-
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terior and posterior cusps of the mitral valve. There
were, however, no congenital abnormalities in the heart
or major vessels, and the fenestra of the oval foramen
was closed.

The stomach contained slightly milky-white fluid (26g),
which consisted primarily of transparent mucus and con-
tained a few minute brown seaweed-like fragments. The
mucosa of the gastric body showed punctate erosion.

The spleen weighed approximately 22 g with a slightly
cloudy pulp. The cerebral surface was congested and
edematous, but the cerebrospinal fluid showed no marked
changes.

4. Histopathological findings

a) Skin lesions. In the ulcerative lesion in the center of
the ecthymas, the epidermis was defective and the der-
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Fig. 3. In the thymus, the cortex is markedly
involuted and interlobular connective tissue
is clearly seen. Clustering of Hassall’s corpus-
cles due to cortical involution, cystic dilation
(arrows) and amorphous changes are ob-
served. H& E; X 100

Fig. 4. In the spleen, lymphocytes in the
thymus-dependent area around the splenic
arteriole are markedly depleted. H& E;

x 100

mis was exposed. Bleeding was observed in the dermis
and subcutaneous tissue but infiltration of inflammatory
cells such as polymorphonuclear leukocytes and lympho-
cytes was relatively slight. These findings were consistent
with the characteristics of ecthyma gangrenosum.

b) Pulmonary lesions. In the bilateral lungs, many leuko-
cytes, erythrocytes, and inflammatory exudate were pre-
sent in most alveoli, suggesting hemorrhagic pneumonia.
In addition, there were multiple abscesses consisting of
necrotic pulmonary tissue and numerous inflammatory
cells. In the large and small arteries inside the abscesses
and their surrounding areas, purulent lysis of the arterial
wall and hemorrhage per rhexis were observed, showing
necrotizing arteritis.

¢) Thymus. The cortex of the thymus showed marked
involution and the interlobular connective tissues were
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compressed. Cortical involution resulted in clustering
of Hassall’s corpuscles, which were dilated in a cystic
pattern and frequently contained amorphous structures

(Fig. 3).

d) Lymph nodes and spleen. The number of lympho-
cytes was markedly decreased due to depletion of the
paracortex of the lymph nodes and around the splenic
arteriole (Fig.4) corresponding to the thymus-depen-
dent area.

5. Bacteriological findings

Gram staining of smear specimens from the skin lesions
on the medial side of the right femur and those of necro-
tic tissue of the abscess in the right lung showed many
gram-negative bacilli and gram-positive cocci in the former
specimens, and only 5-10 gram-negative bacilli per vis-
ual field in the latter.

A culture of the blood from the heart showed P. aeru-
ginosa, Staphylococcus aureus, Staphylococcus epider-
midis (endogenous bacteria in the skin), glucose non-fer-
mentative gram-negative bacilli and G group B strep-
tococci (each + 1).

The findings of the bacteriological examination and
the properties of the cutaneous and pulmonary lesions
suggested a systemic infection caused by P. aeruginosa.

6. Other information

Subsequent investigation revealed that in December the
brother had also been hit or kicked several times in the
face, back, abdomen, gluteal region and external geni-
talia by the man suspected of neglect of the baby girl.
The brother was taken to hospital at the end of De-
cember after an alleged fall in the bathroom and was ad-
mitted with a diagnosis of bruises to the head, laceration
of the forehead and subcutaneous bleeding in the face,
head, trunk and perineum. After being discharged, he
was left in the care of a relative of his mother.

Discussion

Child abuse most frequently becomes manifest in vari-
ous traumatic lesions [1], but sometimes in infection.
Some children with polymicrobial sepsis secondary to
abuse after intravenous injection of contaminated mate-
rial have been reported. However, a long time elapsed in
each before the sepsis was correctly diagnosed, as an ini-
tial diagnosis of fever of unknown cause was first re-
corded or the children were transferred from hospital to
hospital or immunodeficiency was first suspected [5-8].
In children with infection resulting from abuse or
neglect, psychological and physical stress have been re-
ported and also thymic involution, i.e., decreased cellu-
lar immunity, resulting from nutritional disturbance [9].
Immunodeficiency secondary to malnutrition is char-
acterized by more severe impairment of cellular immu-

nity than of humoral immunity [10]. Smythe et al. [11]
reported that infants with protein-calorie malnutrition
showed tonsillar atrophy, marked impairment of both
delayed hypersensitivity and lymphocyte response to
phytohemagglutinin (PHA) and autopsy findings auch as
marked thymic atrophy, wasting of peripheral lymphoid
tissue, paracortical lymphocyte depletion and loss of ger-
minal centers. This marked thymic atrophy has been
termed “nutritional thymectomy”, and it has been sug-
gested that this induces gram-negative bacillus sepsis,
disseminated herpes simplex infection, anergic response
to infection, and gangrene rather than suppuration [11].

In the present case, the 9-month-old female infant
was only 64 cm in height and weighed 5.1kg at autopsy.
A survey on the physical growth of infants in 1970 showed
a normal height range 67.8-70.5 cm (mean, 69.1 cm) and
a weight range 7.8-8.7kg (mean, 8.2 kg) in female babies
aged 8—9 months [12].

In addition, the thymus weight was markedly reduced
(to 2.3 g) and the histopathological findings in the thymus
were consistent with malnutrition, as reported by Linder
[13]. Even if thymic involution associated with acute sys-
temic infection was taken into consideration [14], chron-
ic malnutrition seemed to be the primary cause of the
thymic involution. Lymphocyte depletion was marked in
T-cell areas (thymus-dependent areas) [15], such as the
paracortex of lymph nodes and the area around the
splenic arteriole, suggesting decreased cellular immun-
ity.

The cause of death in this case seems to have been
systemic infection with P. aeruginosa associated with de-
creased cellular immunity resulting from malnutrition.
T-cells play a primary role in the biological defense
against such gram-negative bacilli as P. aeruginosa and
Escherichia coli. The pathogenic importance of P. aeru-
ginosa has increased of late, because it causes so-called
opportunistic infection in patients with malignant tumors
or immunodeficiency and those treated with immuno-
suppressants [16, 17].

P. aeruginosa infection frequently occurs in the form
of respiratory tract infection, such as pneumonia, and
less frequently in the form of cutaneous phlegmonous in-
flammation, i.e. local necrosis due to proteolytic enzymes
produced by P. aeruginosa, sepsis, meningitis, and uri-
nary tract infection [16, 17].

Multiple ecthyma gangrenosum, as observed in this
case, occurs in the lumbogluteal region in infants suffer-
ing from malnutrition. The prognosis is poor, with deep
ulceration and rapid progression of the condition. The
causative agents are P. aeruginosa, which is the most com-
mon, Staphylococcus aureus and group A streptococci
[3, 4]. In this case, gram-negative bacilli were detected
both in the gangrenous lesion on the medial femur and in
the lung abscesses, and P. aeruginosa was found in the
blood culture. These findings, together with the charac-
teristic and specific foul odor in the cutaneous lesions,
suggest P. aeruginosa infection.

P. aeruginosa sepsis seemed to be present. Dissemi-
nation of this organism over the entire body may have
induced ecthyma gangrenosum, pneumonia, pulmonary
abscesses, and bacterial endocarditis, resulting in death.
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Copeland [18] reported a 15-month-old male infant
who developed panhypogammaglobulinemia, a decrease
in complement factors C; and C,, and thymic involution
secondary to child abuse and died of multiple pulmonary
abscesses and gangrene in the facial skin. In this case,
P. aeruginosa was detected in the oral cavity and lung
abscesses. Copeland also considered the possible involve-
ment of genetic factors in the development of the im-
mune abnormality. However, at autopsy, this 15-month-
old male infant was only 72.5 cm in height, which is aver-
age for 9 months after birth, and weighed 5.45kg, which
is average for 3 months after birth and less than the lower
limit for 6 months after birth [19]. The apparent un-
derdevelopment, malnutrition and markedly decreased
weight, which were also observed in our case, indicate
that immunodeficiency occurred secondary to malnutri-
tion and may have been complicated by physical and
psychological stress due to abuse and neglect, as suggest-
ed by Fukunaga [20].

This secondary immunodeficiency should be differen-
tiated from primary severe combined immunodeficiency
[21] and DiGeorge syndrome [22]. In severe combined
immunodeficiency, which develops about 1 month after
birth, the weight of the thymus is normally less than
1.5 g and the condition frequently leads to death in 3-6
months. In most cases [21], no pulp differentiation or
formation of Hassall’s corpuscles is observed. In the pre-
sent case, the thymus weighed 2.3 g, the patient died at
the age of 9 months and Hassall’s corpuscles were pre-
sent. These findings excluded primary severe combined
immunodeficiency. On the other hand, DiGeorge syn-
drome is characterized by thymic aplasia and hypoplasia,
abnormalities of the heart or major vessels, aplasia or
hypoplasia of the parathyroid glands and abnormal cal-
cium metabolism [22]. In our case, no abnormalities
of the heart and major vessels, and no diseases sug-
gestive of decreased parathyroid function, such as tet-
any, were observed at birth, which excludes this syn-
drome.

We have reported on a 9-month-old female baby who
failed to develop normally due to negligent chronic mal-
nutrition and secondary immunodeficiency accompanied
by severe thymic involution. The cause of death was sys-
temic infection with P. aeruginosa manifested in pneumo-
nia, lung abscesses, bacterial endocarditis and ecthyma
gangrenosum. Attention should be paid to cases of im-
munodeficiency resulting from child abuse and neglect
and should be differentiated from primary immunodefi-
ciency before deciding whether legal action should be
taken.
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