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Abstract
The classification of an unexpected infant death as the sudden infant death syndrome (SIDS)
depends upon a complete autopsy and death scene investigation to exclude known causes of death.
Here we report the death of a four-month-old infant in a tuberculosis endemic area that presented
as a sudden unexpected death in infancy (SUDI) with no apparent explanation based on the death
scene characteristics. The autopsy, however, revealed progressive primary pulmonary tuberculosis
with intrathoracic adenopathy, compression of the tracheobronchial tree and miliary lesions in the
liver. This case underscores the clinical difficulties in the diagnosis of infantile tuberculosis, as
well as the possibility of sudden death as part of its protean manifestations. The pathology and
clinical progression of tuberculosis in infants differs from older children and adults due to the
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immature immune response in infants. This case dramatically highlights the need for complete
autopsies in all sudden and unexpected infant deaths, as well as the public health issues in a
sentinel infant tuberculosis diagnosis.
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Introduction
Sudden unexpected death in infancy (SUDI) remains a global challenge for medicine and
society. A complete autopsy and death scene investigation are an essential part of their
investigation and have contributed to delineating many unexpected causes of infant deaths.
The sudden infant death syndrome (SIDS) accounts for 50-80% of SUDI [1]; it is defined as
the sudden death of an infant less than a year old, the cause of which remains unknown after
a complete autopsy, death scene investigation and review of medical history [16]. Research
efforts span multiple avenues in an attempt to identify pre- and post-natal risk factors with
the goal of reducing infant mortality [6]. We are involved in a large (7000 pregnancies),
prospective study of SIDS and other adverse pregnancy and infant outcomes (the Safe
Passage Study) in the mixed ancestry (Coloured) population of Cape Town, South Africa. In
Cape Town, the SIDS incidence is high (3.8/1000 live births) [10] compared to 0.57/1000 in
the United States [9]. Mycobacterium tuberculosis infection (TB) is endemic in the Western
Cape, with an overall incidence rate of 1037/100,000; the incidence rate among infants is
83.1/100,000 and in HIV-infected infants this rises to 1596/100,000 population [4]. We
report a case of an infant with sudden death in Phase 1 of the Safe Passage Study that, on
death scene investigation may have suggested SIDS, but in whom TB was diagnosed on
autopsy, indicating that sudden and unexpected death should be included in its wide
spectrum of infant manifestations.

Case Report
A 4.5-month-old male infant was found dead in bed by his mother. The mother was a 22
year-old G2P2A0 whose first pregnancy was complicated by mild pre-eclampsia but the
antenatal course of this pregnancy was uneventful. The mother did not smoke or drink and
sought prenatal care at 12 weeks gestation when routine prenatal tests, including those for
syphilis and HIV, were negative. Ultrasonography performed at 22 weeks established a
gestational age and excluded major congenital abnormalities. Fetal growth as assessed by
symphysis pubis-fundus measurements was normal as were the umbilical artery flow
velocity waveform and non-stress tests at 29 and 35 gestational weeks. The infant was born
at 38 gestational weeks by uncomplicated vaginal delivery, weighing 3440 grams with
Apgar scores of 9, 10 and 10 at 1, 5 and 10 minutes, respectively. At birth the hemoglobin of
the newborn was 17 g/dL and the glucose 49 mg/dL (2.7 mmol/L). The infant stayed with
the mother after delivery and both were discharged from hospital one day post-delivery.
Neonatal course and well-baby checks were unremarkable; immunizations were up-to-date,
including BCG given before discharge from hospital. At the 2-month follow-up visit, the
infant's weight was between the 3rd and 50th centiles for the local population. For the two
weeks prior to his death, the infant had mild upper respiratory symptoms with suspected (but
not proven) fever, which improved symptomatically upon treatment with home remedies;
the mother regarded the illness as trivial and did not think it necessary to attend the nearby
hospital. The day of his demise, the infant was “crying and fussy” in the early morning
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hours but eventually fell asleep. He was found deceased five hours later in a prone position
with his head turned to the side.

The case was referred for forensic autopsy and the parents gave permission for additional
tissue procurement for research in the Safe Passage Study. A death scene investigation was
performed within 14 days of death by the authors according to the SUDI/SIDS protocols of
the Center for Disease Control, Atlanta, GA, USA [1]. At the time of death, the infant was
bed sharing with his parents and two other children in a double bed, typical of the family
sleeping arrangements. The bedding was firm with no pillows or heavy blankets. There was
no evidence or history of wedging, asphyxial positioning or overlay by any of the bed
occupants

Pediatric autopsy was performed on a male infant, length 65.5 cm (60 -66 cm), weighing 6.0
kg (5.8-7.8 kg). The surface of the liver demonstrated numerous white nodules, 1 mm or less
(Figure 1a) which microscopically showed non-caseating granulomas (Figure 1b). A 2.5 cm
caseating mass with cavitation was present in the upper lobe of the right lung, with large,
matted hilar and tracheobronchial nodes which appeared to partially occlude the airway
(Figure 2). Histology of the lung and nodes confirmed granulomatous inflammation with
amorphous necrosis and giant cells (Figure 2); Ziehl – Neelsen stains were positive for acid
fast bacilli consistent with TB. The parotid gland showed evidence of cytomegalovirus
(CMV) infection (Figure 3) but there was no evidence of systemic CMV infection. The
examination of the brain and spinal cord was negative for TB meningitis. The death scene,
historical, and autopsy findings were reviewed by all authors and a consensus diagnosis
reached of progressive primary pulmonary tuberculosis with caseation and cavitation,
complicated by intrathoracic adenopathy, compression of the airway, and miliary spread to
the liver. Testing for HIV was negative. Investigation of family and contacts excluded TB in
the father and mother but identified TB in a cousin, a close contact of the deceased infant.

Discussion
There are few categories of death in medicine with a broader range of diagnoses than SUDI
in both manner and cause of death. Within the SIDS differential, many entities have
profound ramifications in public health, such as contagious diseases or hazardous
environments, in family health with unsuspected genetic and metabolic disease, or in legal
arenas with infant homicide, poisoning or neglect. The case reported here dramatically
illustrates the importance of autopsy findings in identifying a communicable disease within
a family and community. It also highlights the difficulty of diagnosing TB in infants and the
difference in the clinical presentation of TB among infants, older children, and adults.

Neonates (and infants) can acquire TB either prenatally from infected mothers (congenital
TB) or postnatally from respiratory exposure (neonatal TB). Infants have a 50% risk of
disease following exposure and a high rate of miliary or CNS involvement (10-20%) [12,2]
compared to less than a 5% risk of disease and 0.5 – 2.5 rate of miliary/CNS disease in older
children and 10 – 20% risk of disease and <0.5% miliary / CNS involvement in adults
following primary exposure to TB [2]. In TB endemic areas such as South Africa, BCG
vaccination is given within days of birth which confers limited immunity but does protect
against disseminated tuberculosis, particularly TB meningitis [11,5]. Determination of the
source of exposure for infants is important for public health assessment; however, both
congenital and neonatal TB are similar in clinical presentation and course. Congenital
tuberculosis is rare and results from in utero exposure by: (1) hematogenous infection via
the umbilical vein; (2) exposure to infected amniotic fluid, including aspiration and/or
swallowing; and/or (3) contact with maternal genital lesions during birth. A diagnosis of
congenital TB is based on evidence of TB in the infant and at least one of the following: 1)
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lesions in the first week of life; (2) a primary hepatic complex (3) documented tuberculosis
infection of the endometrium or placenta; or (4) exclusion of post-natal sources of
mycobacterial infection [14]. By all criteria, the progressive primary tuberculosis in this
infant was from post-natal exposure and not congenitally acquired.

The clinical diagnosis of TB in an infant is challenging. Infants may present with non-
specific findings such as reduced playfulness, fatigue, wheezing, non-remitting cough,
failure-to-thrive or hepatosplenomegaly [15]. In infants who are more acutely ill, TB may be
suspected when they are not responsive to first line antibiotics [8]. Skin tests, the hallmark
screening test for older children and adults, are not reliable in infants due to their immature
immune response. In our case, mild respiratory symptoms and fever were present after birth,
but were considered nonspecific, particularly in light of appropriate growth and
development. The pathology of TB in infants differs from older children and adults;
progressive primary disease is more frequently seen in young infants while pleural effusions
are uncommon [2]. Miliary spread and meningitis are more common in infants than any
other age group (10-20%), as are complications due to enlarging lymph nodes and small
airways [8]. Children under three have a high mortality rate due in part to the diagnostic
difficulty of TB in infants and small children, as well as the increased rate of progressive
disease and CNS involvement [8,13]. Co-infection with HIV increases the infection rate and
mortality of children with TB [13,7]. Microscopically, granulomas may be poorly formed in
infants with TB, and the inflammatory response may be sparse and necrosis present [3].

Finally there are several important forensic implications of this case. Investigation of sudden
deaths in infancy is clearly within responsibilities of the forensic death systems worldwide.
These investigations serve as a gatekeeper to the entire medical-legal enterprise; triggering
responses that may include police investigation, arrest, and/or child protective service
involvement. Through prompt recognition of a natural disease process, justice is served by
avoiding prosecutorial actions toward parents / caregiver as well as preserving community,
law-enforcement and legal resources. Communicable diseases and public health implications
are also an important part of forensic pathology practice; prompt recognition of this entity
enabled identification of TB within this family unit.

Conclusions
In summary, we report a case of progressive primary pulmonary TB in an infant with sudden
unexpected death that some investigators may have suspected was due to SIDS. Although
mild, non-specific upper respiratory symptoms were present in the days before death, these
symptoms are common in infants of this age, they responded to home remedies and on the
day of death only a “crying and fussiness” occurred. The autopsy confirmed pulmonary
parenchymal TB with caseation and cavitation complicated by intrathoracic adenopathy,
compression of the airway and miliary spread to the liver, emphasizing the need for
complete autopsy and death scene assessment in all infant deaths. Without a complete
autopsy, this death may have been attributed to unspecified natural causes, resulting in
continued TB exposure of other family members and community, or the death may have
been investigated as unnatural, wasting forensic resources and potentially resulting in a
miscarriage of justice. This death was sentinel in identifying TB in a family member,
congruent with the public health ramifications of pediatric autopsies.
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Figure 1.
A) Liver at autopsy showing numerous 1 mm white nodules involving the capsule. B)
Histology of the liver nodule demonstrating non-caseating granulomas. 100 x, H&E.
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Figure 2.
A) One of the large tracheal-bronchial lymph nodes with caseation necrosis and the smaller
trachea for comparison. Bar is 1 mm. 1 x, H&E. B) Histology of hilar lymph node showing
amorphous necrosis. 100 x, H&E. C) Giant cells within the granulomas of the hilar lymph
node, 400 x, H&E.. D) Lung with multiple granulomas throughout the parenchyma and at
pleural surface. Bar is 1 mm. 1x, H&E. E. Histology of lung granuloma. 200x, H&E.
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Figure 3.
A) Histology of parotid gland demonstrating CMV infection 100 x, H&E. B) High power of
salivary gland ductal epithelial cells with CMV inclusions, 400 x, H&E.
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