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Abstract
We report an unusual case of a 15-month old previously healthy girl who died of pneumococcal septicemia in the background of
visceral heterotaxy with polysplenia. Heterotaxy can also present with asplenia whereas polysplenia cases usually present with
functional asplenia. Of particular note, this girl received the 13-valent pneumococcal conjugate vaccine as recommended by the
Centers for Disease Control and Prevention in the routine pediatric immunization schedule used in the USA and Canada.
Unfortunately, although the strain causing death (serotype 22F) is not contained in Prevnar 13®, it is in the 23-valent pneumo-
coccal polysaccharide vaccine (e.g. Pneumovax 23®), currently suggested only for immunocompromised children age 2 with
either functional or anatomic asplenia. This syndrome has the potential of being diagnosed prenatally. The intent of our case
report is to raise awareness of the syndrome, highlight that heterotaxy patients with polysplenia are at danger for infections with
encapsulated organism, such as pneumococcus, meningococcus, and Haemophilus influenza amongst others due to functional
asplenia, recommend the 23-valent pneumococcal polysaccharide vaccine for these children before age two for the outlined
reasons, and illustrate that with early diagnosis of the heterotaxy syndrome, and early diagnosis and treatment of septic compli-
cations, the morbidity or death of young children with heterotaxy syndrome can likely be reduced or prevented.
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Introduction

We report a case of a 15-month old child who died suddenly
and unexpectedly of Streptococcus pneumoniae sepsis.
Autopsy revealed the incidental finding of visceral heterotaxy
with polysplenia. Pneumococcus serotype (22F) was isolated
from lung and spleen tissue. This girl had received a vaccine
currently suggested for infants in the USA and Canada to
prevent pneumococcal infections (PCV-13; e.g. Prevnar
13®), but serotype 22F is only part of the PPSV23 vaccine
(e.g. Pneumovax 23®) recommended for older children and

adults with immune compromise. Awareness of the syndrome
and associated risks as well as right treatment with possible
early diagnosis in utero will aid in preventing infections from
possibly fatal encapsulated organisms in this susceptible pa-
tient group.

Case report

History

The decedent was a 15-month old female child who was pre-
viously healthy and fully immunized. She lived with her par-
ents and a 3-year old sibling in a small town in Southern
Ontario and was seen regularly by a Pediatrician. In early
June 2015, she developed a fever and mild upper respiratory
symptoms. Her parents took her to the local hospital where
she was assessed and sent home with instructions for fever
control. Her condition remained the same during the next
day, however, in the early morning of the following day, the
girl looked very ill with signs of respiratory distress. Her par-
ents returned her to the local hospital, but she became

* Michael S. Pollanen
michael.pollanen@ontario.ca

1 Provincial Forensic Pathology Unit, Ontario Forensic Pathology
Service, 25 Morton Shulman Avenue, Toronto, Ontario M3M 0B1,
Canada

2 Department of Laboratory Medicine & Pathobiology, University of
Toronto, Toronto, Canada

3 Ontario Forensic Pathology Service, 25 Morton Shulman Avenue,
Toronto, Ontario M3M 0B1, Canada

https://doi.org/10.1007/s12024-020-00252-1

/ Published online: 13 May 2020

Forensic Science, Medicine and Pathology (2020) 16:519–522

http://crossmark.crossref.org/dialog/?doi=10.1007/s12024-020-00252-1&domain=pdf
mailto:michael.pollanen@ontario.ca


unconscious in the car about 5 min from the hospital.
Aggressive cardiopulmonary resuscitation was unsuccessful.

Pathological, microbiological and imaging findings

At autopsy, the decedent was a well-nourished and normally
developed 15-month old girl with appropriate growth param-
eters. Internal examination revealed visceral heterotaxy in-
volving the heart, lungs, liver, spleen and abdominal organs
(see Figs. 1, 2 and 3). The lungs showed three lobes on the left
side and two lobes on the right without evidence of pneumo-
nia or other abnormalities. The heart was enlarged (93 g; nor-
mal for age: 45–48 g) and showed evidence of dextrocardia
(see Figs. 1 and 2) and situs inversus with a morphologic right
atrium present on the left side of the heart. There were no
septa l defec ts . Concordant a t r iovent r icula r and
ventriculoarterial connections were observed. Regional non-
compaction was present within the apical third of left ventric-
ular myocardium consistent with focal left ventricular non-
compaction cardiomyopathy. A morphologically normal liver
was in the “mirror image” position on the left. The splenic
tissue consisted of six splenules (nodules) which coalesced
to form the organ with a combined weight normal for age
(23 g; see Fig. 3). The intestines were normally arranged.
The remainder of the internal exam was unremarkable.

Microscopic examination showed features consistent with
sepsis. The heart demonstrated foci of incipient neutrophilic
myocarditis in the right ventricle. The lungs showed patchy

Fig. 1 X-ray of Chest (AP view). The cardiac apex is pointing towards
right side and the liver shadow is located in the left upper quadrant

Fig. 2 Gross anatomy of the thoracic and abdominal cavity. The heart is
located in the right chest (dextrocardia) and the lungs and liver show situs
inversus (the multiple splenules detected in this girl are not shown as
these are located posteriorly at the level of the kidneys (see Fig. 3)

Fig. 3 Magnetic resonance imaging of abdomen and pelvis (coronal viewT1
weighted). Images show a “mirror-imaged” liver located on the left side (L),
and multiple splenules (S) positioned underneath the right diaphragm
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edema and intra-alveolar hemorrhage. The kidneys revealed
marked and extensive microvascular thrombosis represented
by fibrin microthrombi involving most of the glomeruli cap-
illary loops associated with abundant cocci bacteria (see
Fig. 4). Within the adrenals, there were incipient acute med-
ullary hemorrhages. The thymus showed moderate to severe
acute stress effects. The upper respiratory tract showedmild to
moderate mononuclear cell infiltrates within the mucosa with-
out evidence of acute inflammation. Within the intestines,
there were scattered peri-vascular acute hemorrhages of the
lamina propria and sub-mucosa in the colon. The splenules
showed unremarkable splenic pulp.

Streptococcus pneumoniae serotype 22F was grown from
lung and spleen tissue. Virologic studies revealed rhinovirus
DNA in the nasopharynx.

Postmortem whole body computed tomography and mag-
netic resonance imaging showed visceral heterotaxy with the
heart being positioned in the right chest with its apex pointing
towards the right flank (see Fig. 1), a bilobed right and trilobed
left lung, a liver situated on the left side of the body and a
spleen composed of six small nodules (so-called splenules)
within the right upper quadrant of the abdomen (see Fig. 3).

Discussion

Heterotaxy syndrome is a rare and sporadic disorder, but also
may be familial [1]. This syndrome presents with a broad
variety of clinical pictures, including complex malformations
of abdominal organs, especially splenic abnormalities [2, 3].
Heterotaxy is defined as an incomplete lateralization disorder
that results in any arrangement of the viscera across the left-
right axis that differs from complete situs solitus or complete
situs inversus in utero [4]. Due to failure of the developing
embryo to establish normal left-right asymmetry, the thoraco-

abdominal organs and vessels are usually malpositioned, lead-
ing to complex congenital heart disease and extracardiac de-
fects involving midline-associated structures. The spleen is
almost always affected, and there is syndromic clustering of
the malformations corresponding to the type of splenic abnor-
mality present [5].

Noncompaction cardiomyopathy (NCCM) has been re-
ported in association with heterotaxy [6, 7]. Noncompaction
of ventricular myocardium is a rare congenital cardiomyopa-
thy. It is usually associated with congenital left or right-
ventricular outflow tract obstruction, and rarely detected as
an isolated anomaly [1]. NCCM may occur alone or associat-
ed with other congenital defects and results from failure in the
process of compaction of myocardial fibers, resulting in the
persistence of trabeculations and deep recesses that commu-
nicate with the ventricular cavity [8]. This case demonstrated
regional noncompaction in the apex of the left heart.

A large number of patients with heterotaxy syndrome de-
velop sepsis, with both polysplenia and asplenia, despite ap-
propriately prescribed antibiotic prophylaxis [9]. Pediatric
pneumococcal immunization was introduced in 2000 and is
crucial in visceral heterotaxy patients, as conjugated pneumo-
coccal vaccination has successfully prevented pneumococcal
sepsis [9]. The 13-valent pneumococcal conjugate vaccine
(PCV13; e.g. Prevnar 13®) is now routinely included in the
pediatric vaccination schedule in the USA and Canada at
2 months, 4 months and 12 months age and targets 13 differ-
ent Streptococcus pneumoniae strains [10]. The 23-valent
pneumococcal polysaccharide vaccine (PPSV23; e.g.
Pneumovax 23®) includes 23 strains. The vaccine antigens
cover approximately 87% of studied bacteremic cases and
most penicillin-resistant serotypes and is currently recom-
mended for all adults 65 years or older and people 2 to 64 years
old who are considered at high risk of pneumococcal disease,
which would include children with functional or anatomic
asplenia [9, 11, 12].

The risk of overwhelming sepsis is highest in young infants
with functional or anatomic asplenia and perhaps decreases
with age, though systematic data are not available [13, 14].
The fatality rates of overwhelming sepsis are high (40–50%)
despite the use of antibiotics, and some of the reported patients
were receiving prophylactic antibiotics as well. This suggests
that sepsis should be recognized earlier and underscores the
need for patient education [15], early diagnosis and likely
change in recommendations in the use of pneumococcal vac-
cination in patients with visceral heterotaxy, as the predispo-
sition to sepsis in functionally and anatomically asplenic indi-
viduals has been well-documented [16–21]. Antibiotic pro-
phylaxis and immunization against Haemophilus influenzae
and Streptococcus pneumoniae are critical adjuncts in the pre-
vention of sepsis in patients with functional asplenia [22, 23].
In this regard, our patient was vaccinated against pneumococ-
cus by routine childhood vaccination, but the pneumococcus

Fig. 4 Evidence of Sepsis. Sepsis-associated fibrin microthrombi are
seen in the glomerular tufts of the kidney associated with cocci bacteria
(Magnification 400×)
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strain whichwas responsible for her sepsis was not included in
the 13-valent pneumococcus conjugate vaccine Prevnar 13®.
It is covered in the 23-valent pneumococcus vaccine
Pneumovax 23®, which is currently only recommended for
children with functional asplenia after age 2. This girl was 15-
months old and her heterotaxy syndrome was undiagnosed.

Key points

1. Heterotaxy syndrome is a rare syndrome which can pres-
ent with asplenia or polysplenia.

2. Heterotaxy syndrome features anatomical or functional
asplenia (polysplenia subset).

3. Heterotaxy syndrome is associated with an increased risk
of infection with polysaccharide encapsulated bacteria,
such as Haemophilus influenzae type b (Hib),
Streptococcus pneumoniae (pneumococcus), Neisseria
meningitidis (meningococcus), Group B streptococcus
(GBS), Klebsiella pneumonia, and Salmonella typhi.

4. We suggest vaccination with the 23-valent pneumococcal
polysaccharide vaccine (e.g. Pneumovax 23®), currently
recommended only for immunocompromised children
age 2 and older with either functional or anatomic
asplenia, in lieu of the 13-valent pneumococcal conjugate
vaccine routinely given at 2 months, 4 months and
12 months.
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