
ORIGINAL ARTICLE

Evaluation of the presence and distribution of leptomeningeal
inflammation in SIDS/SUDI cases and comparison
with a hospital-based cohort

Esther Jack1 & Elisabeth Haas2 & Terri L. Haddix3

Received: 14 December 2018 /Accepted: 18 June 2019
# Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Introduction Prior research demonstrates that leptomeninges of infants and late-term fetuses derived from a non-traumatic,
hospital-based cohort contain a surprisingly large number of inflammatory cells and stainable iron. These were present irrespec-
tive of the findings from the general autopsy, the neuropathologic examination, and the mode of delivery.
Materials and methods We applied a similar methodology to a sudden infant death syndrome/sudden unexpected death in
infancy (SIDS/SUDI) cohort. Forty-two SIDS/SUDI cases autopsied between 2006 and 2014 by the San Diego County
Medical Examiner’s Office were identified. An interpretable amount of leptomeninges from at least two areas of the brain
(cerebral cortex, brain stem, cerebellum) were present in each case. Immunoperoxidase (IPOX) staining with CD45 and CD68
was performed and Perl’s method was used to detect the presence of iron. The number of immunoreactive cells per IPOX stain
within the leptomeninges in each slide was manually tabulated and the density subsequently quantified. The presence or absence
of stainable iron was noted.
Results This cohort represented 22males and 20 females ranging in age from 2 to 311 days, with relatively evenly divided modes
of delivery. The examined brain sections included 32 of the cerebral cortex, 18 of the brain stem, and 36 of the cerebellum. The
lengths of the examined leptomeninges ranged from 2 to 40 mm. The ranges of the number of cells per millimeter, and the
standard deviations of the means were wide and varied. Overall, there was no significant difference in the number of CD45 or
CD68 immunoreactive cells/millimeter between the three brain sites. Comparing this cohort to a subpopulation of hospitalized
infants in our prior study, there were no significant differences between the density of inflammatory cells in the sections from the
cerebral cortex and brain stem. There were differences in the CD68 densities, particularly in the cerebellar sections which may be
attributable to methodological differences. Iron was identified in only a single section in this cohort but was present in most of the
cases in the hospital-based cohort.
Conclusion This study further elucidates the relevance of the presence of inflammatory cells and iron in the leptomeninges.
Whether in a hospital-based or more forensically relevant population, the presence of inflammatory cells in the leptomeninges
(even in great abundance) is common.
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Introduction and objectives

The leptomeninges are composed of the pia and arachnoid mater
connected by strands known as the arachnoid trabeculae [1, 2].
They are now known to be involved in various physiologic and
pathologic roles. Physiologically, leptomeningeal cells may re-
lease growth factors important for neuronal and glial cell surviv-
al, and pathologically, they may promote cytokine release in the
presence of systemic inflammatory conditions [3]. In our previ-
ous study, we described the presence of inflammatory cells in 33
cases involving hospital-based autopsies of fetuses and infants,
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challenging the traditional belief that under normal conditions,
the leptomeninges should be devoid of inflammatory cells [4].

Our goal in the current study was to determine the presence
and pattern of inflammatory cell distribution and iron deposi-
tion in a more forensically relevant population of deaths cer-
tified as sudden infant death syndrome/sudden unexpected
death in infancy (SIDS/SUDI). SIDS/SUDI is a label covering
a challenging group of infant deaths whereby after a thorough
postmortem examination, death scene investigation, and re-
view of the clinical history, the death of the infant remains
unexplained [5]. It is most common in infants less than 1 year
of age and currently a leading cause of infant mortality in the
USA [6]. The presence of inflammatory cells in the
leptomeninges could be interpreted to reflect an active inflam-
matory process [7] while the presence of iron deposition
would signify a prior episode of bleeding [8]. Either of these
findings could potentially influence the certification of the
cause of death. The presence of either inflammation or iron
deposition in the leptomeninges in SIDS/SUDI cases has not
been previously investigated. Having studied a hospital-based
cohort [4] previously, we were interested in comparing those
results of the distribution of inflammatory cells and iron de-
position to a more forensically relevant population.

Materials and methods

Subject selection

A total of 42 SIDS/SUDI cases between 2006 and 2014 in which
full neuropathologic examinations had been performed at the San
Diego County Medical Examiner’s Office were identified. Each
of these cases had at least two microscopic sections of brain of
interest (cerebral cortex, brain stem, and cerebellum). Each slide
was microscopically screened by one of the authors (TLH) to
ensure that at least 2mmof leptomeninges from each sectionwas
included.

For the purposes of this study, the “hospital cohort” refers
to a subpopulation (group 1) of cases from our previous study
[4]. “Group 1” (hereafter referred to as “hospital cohort”) was
selected as a basis for comparison because of the similarity in
age ranges (infants with a gestational age above 33 days of
age) with the SIDS/SUDI cohort. “Group 2” of the previous
hospital cohort was not included for comparison as it was
composed of a younger population (up to 33 postnatal days).
The hospital cohort was compared with 36 age-matched cases
from the SIDS/SUDI group.

Sample fixing, staining and immunohistochemistry

Slides of routinely processed formalin-fixed, paraffin-
embedded sections were prepared and stained with antibodies
to CD45 (dilution 1:100) and CD68 (dilution 1:100). CD45,

also known as leucocyte common antigen, is uniquely
expressed on the surface of all leucocytes and their progenitor
cells including neutrophils, eosinophils, basophils, lympho-
cytes, and monocytes [9]. CD68 is expressed on monocytes
and macrophages [10]. Immunoperoxidase (IPOX) staining
was performed, following microwave antigen retrieval in cit-
rate buffer at pH 6, on an automatic stainer [11]. The Perl’s
staining method was utilized to detect iron deposition [12].

Examination of samples

At a magnification of × 400, the number of immunoreactive
cells and iron-containing cells was quantified by one author
(EJ) to reduce inter-observer bias. The accuracy was cross-
checked by a second observer (TLH). In this cohort, all
leptomeninges available within each slide were analyzed.
For cerebellar sections, leptomeninges lining the sulci were
noted as “sulci” and those lining the tops of the folia as “folia.”
The length of leptomeninges was measured in millimeters and
results reported as immunoreactive cells/millimeter. Iron was
recorded as either present or absent.

Analysis of results

The number of immunoreactive cells from each brain site,
along with the associated leptomeningeal lengths, was calcu-
lated. From this, the mean cellular densities of CD45- and
CD68-immunoreactive cells in each case for each site were
calculated (Tables 4a–c). Any statistically significant differ-
ences between the SIDS/SUDI and hospital cohorts were cal-
culated using R [13]. Since the samples are not normally dis-
tributed, we applied the non-parametricMann-WhitneyU test.
Unlike the t test, the U test does not make assumptions about
normality and is therefore appropriate in this situation.

Results

SIDS/SUDI demographics

In the current study, there were 22 male and 20 female cases.
The ages of these cases ranged between 2- and 311-days-old
(mean 101.5 days). Thirty-six of the 42 cases were older than
33 days. Thirteen cases were delivered by Cesarean-section,
28 vaginally, and in one case, the mode of delivery was not
recorded.

These cases (Table 1) had undergone routine general and
neuropathological examinations by the pathologists at the San
Diego County Medical Examiner’s Office. All of the cases re-
ported no significant findings (e.g., systemic infections, previous-
ly unrecognized antemortem disease processes) on general au-
topsy, except for non-specific postmortem findings such as thy-
mic and pericardial petechiae. Only two cases had significant

Childs Nerv Syst (2019) 35:2391–23972392



Table 1 Demographics of all cases including age, gender, cause and
manner of death, and investigative findings. “Investigative findings”
represent general, neuropathological and relevant scene and
investigative findings. FT full-term (40 gestational weeks and above),
CS Cesarean section, VD vaginal delivery, Unk unknown, UD undeter-
mined, N natural, H/O history of, BS SIDS/SUDI SIDS/SUDI with bed

sharing, BS bed sharing, SIDS OM SIDS with otitis media as a contrib-
uting factor, SIDS LD SIDS with chronic lung disease of infancy as a
contributory factor,DD developmental delay, BC +OM otitis media with
positive blood culture; SGH subgaleal hemorrhage, PFO patent foramen
ovale, hge hemorrhage

Age

Case Gestational (weeks) Post-natal (days) Gender Mode of delivery COD MOD Investigative findings

1 39 229 M CS UD UD Frequent BS

2 FT 194 F VD BS SIDS N Nil

3 FT 179 M VD BS SIDS UD H/O BC+ OM

4 FT 30 F VD BS SIDS UD Nil

5 36 29 M VD BS SIDS UD Nil

6 36.6 75 M VD BS SIDS UD Nil

7 FT 177 M CS SUDI UD Nil

8 FT 105 M CS SIDS N Nil

9 FT 12 F VD SIDS N Nil

10 FT 119 M VD SIDS N H/O pylorostomy

11 Unk 137 F Unk SUDI UD Minimal SGH

12 FT 48 M VD SIDS N Frequent BS

13 38 44 M VD SIDS N Nil

14 39 52 M VD BS SIDS N Nil

15 FT 27 F VD SIDS N H/O “stuffy nose”

16 39 40 M VD BS SIDS UD Nil

17 39 52 M VD BS SIDS UD H/O “cough”

18 36 101 F VD BS SIDS UD H/O OM DD

19 39 120 F VD BS SIDS UD H/O OM

20 34 211 F VD SIDS N H/O OM

21 39 50 F CS SIDS OM UD H/O OM

22 FT 29 M VD BS SIDS N Nil

23 FT 68 F CS BS SIDS N Small for age

24 FT 124 F VD SIDS N Nil

25 FT 74 F VD SIDS N Nil

26 FT 101 F VD SUDI UD Nil

27 FT 104 M CS SIDS OM N Nil

28 FT 75 F CS SIDS N Frequent BS

29 FT 93 M VD SIDS N Hepatic steatosis, “cough”

30 36 311 F VD SIDS N Polymicrogyria, micrencephaly

31 27 119 F CS SIDS LD N Old cerebellar hem, PDA ligation

32 Unk 110 M CS SIDS LD N Small for age

33 FT 47 F VD BS SUDI UD Nil

34 FT 40 M CS BS SUDI UD Nil

35 FT 2 M CS SUDI N Hepatic steatosis

36 35 240 M VD SIDS N Nil

37 FT 196 M VD SIDS N Nil

38 FT 118 F CS SIDS N Frequent BS

39 FT 124 M VD SIDS N PFO, frequent BS

40 FT 94 F VD SIDS N Nil

41 FT 56 M VD SIDS N Nil

42 27 81 F CS BS SIDS UD Nil
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neuropathology findings—one case with prior cerebellar hemor-
rhage and one with polygyria and micrencephaly. These neuro-
pathologic findings were not considered to have been contribu-
tory causes of death in these infants.

With regard to the cause of death, 26 cases (62%) were
classified as SIDS/SUDI with contributing factors of otitis
media (two cases), chronic lung disease (two cases), and cer-
ebellar malformations (one case). The second most common
cause of death was SIDS with bed sharing (15 cases, 36%).
One case (2%) reported an undetermined cause of death
(though with no investigative or anatomic findings differing
from the SIDS/SUDI-classified cases). There were 26 cases
(62%) in our study whose manners of death were determined
to be “natural”—22 of these were classified as SIDS/SUDI
and four SIDS with bed sharing. Of these natural deaths,
two cases had some form of chronic lung disease of prematu-
rity and one case each had otitis media or cerebral malforma-
tion. Sixteen cases (38%) were assigned an undetermined
manner of death (allowing for the possibility of accidental
asphyxia while bed sharing). The causes of death of 11 of
these were classified as SIDS with bed sharing, four case
(25%) as SIDS/SUDI, and one case as undetermined. One
SIDS case assigned an undetermined manner of death had
otitis media.

Thirty-two cerebral cortical sections, 16 brain stem sec-
tions, and 36 cerebellar sections were studied. The lengths of
leptomeninges (Table 2) ranged between 2 and 34 mm in the
cortical sections, and between 5 and 30 mm in the brain stem
sections. With regard to the cerebellar sections, 30 of the 36
sections had between 5 and 30 mm of leptomeninges dipping
into the sulci, and six cases had between 2 and 40 mm only
overlying the folia.

Density of inflammatory cells in SIDS/SUDI
leptomeninges

The mean number of immunoreactive cells/millimeter for
CD45 and CD68 from the cortical sections was 7.5 cells/mm
and 22.1 cells/mm, respectively. The brain stem sections had a
mean of 10.8 immunoreactive cells/mm for CD45 and
16.7 cells/mm for CD68. Overall, the cerebellar sections had
9.9 CD45-immunoreactive cells/mm and 27.5 CD68-
immunoreactive cells/mm (Table 3). The ranges of the number
of cells per millimeter and standard deviations of the means

were wide and varied; in some instances, the standard devia-
tions were greater than the mean.

Comparisons between SIDS/SUDI and hospital cohort

There were 36 SIDS/SUDI cases which involved infants
greater than 32 days of age, allowing for age-matched com-
parisons with our previous hospital-based cohort. The total
length of leptomeninges sampled in the SIDS/SUDI and the
hospital cohort according to brain site is shown in Table 2. The
counts of immunoreactive cells in the sulci of the cerebellar
sections in the hospital cohort were not performed. In the
hospital cohort, leptomeninges covering the folia were abun-
dant which was not the case in the SIDS/SUDI cohort.

The results of the comparison of cell counts/millimeter by
stain and anatomic site in the SIDS/SUDI and hospital cohorts
are shown in Table 4. There was a mean of 8.3 ± 7.6 CD45-
immunoreactive cells/mm in the SIDS/SUDI cortical sections,
and 21.0 ± 22.3 cells/mm in the hospital group (p = 0.01). In
the same section, there was a mean of 23.3 ± 15.2 CD68-
immunoreactive cells/mm in the SIDS/SUDI cohort and
28.0 ± 18.7 cells/mm in the hospital group (p =NS). For the
brain stem sect ions, there were 5.3 ± 9.6 CD45-
immunoreactive cells/mm in the SIDS/SUDI group and 11.9
± 9.5 cell/mm in the hospital cohort (p = 0.02). There were 8.0
± 11.9 CD68-immunoreactive cells/mm in the SIDS/SUDI
group and 11.3 ± 84.8 cells/mm in the hospital group (p =
NS). In the cerebellar sections, there were 9.8 ± 4.4 CD45-
immunoreactive cells/mm in the SIDS/SUDI group and
10.9 ± 8.2 cells/mm in the hospital cohort (p = NS). In the
SIDS/SUDI and hospital groups, there were 27.8 ± 15.6 and
12.6 ± 13.4 CD68-immunoreactive cells/mm, respectively
(p = 0.002). These numbers reflect both folia and sulci cell

Table 2 Total length of leptomeninges per brain site, with mean and standard deviation of SIDS/SUDI and hospital cohorts

Cerebral cortex Brain stem Cerebellum sulci Cerebellum folia

Hospital cohort (mm) Total 699 1065 581

Mean ± SD (range) 18.8 ± 10.5 (5–41) 28.7 ± 17.0 (10–83) 20.3 ± 11.1 (10–47)

SIDS/SUDI
(mm)

Total 566 282 549 119

Mean ± SD (range) 17.7 ± 9.6 (2–34) 15.7 ± 6.5 (5–30) 18.3 ± 7.0 (5–30) 19.8 ± 5.1 (2–40)

Table 3 Mean immunoreactive cells/millimeter in the cerebral cortex,
brain stem, and cerebellum

CD45 CD68

Range Mean ± SD Range Mean ± SD

Cerebral cortex 1.1–29.7 7.5 ± 7.4 6.3–68.4 22.1 ± 14.8

Brain stem 0.8–53.5 10.8 ± 11.3 6.8–59.0 16.7 ± 11.8

Cerebellum 3.5–22.3 9.9 ± 4.4 7.0–89.2 27.5 ± 15.7
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counts from the SIDS/SUDI group whereas in the hospital
group, only counts from the leptomeninges covering the gyri
of the cerebral cortex and the folia of the cerebellar sections
were included.

Overall (including cerebellar folia and sulci counts), the
mean density of CD45-immunoreactive cells/mm in the
SIDS/SUDI cohort was 11.8, whereas within the hospital
group, it was 14.2 (p = 0.013). The mean density of CD68-
immunoreactive cells/mm in the SIDS/SUDI cohort was 29.7
and in the hospital group, 16.9 (p = 0.013). When cerebellar
cases including only folia counts were considered, the total
average CD45- and CD68-immunoreactive cell densities were
10.4 cells/mm and 24.5 cells/mm, respectively (p = 0.02 com-
pared with corresponding hospital cohort).

On close inspection, there were five cases in which there
were leptomeninges only over the folia (folia counts)
(Table 5) and 26 cases in which analyzed leptomeninges
also included the sulci (Table 6). In the folia group, there
were 12.2 ± 7.6 and 10.9 ± 8.2 CD45-immunoreactive
cells/mm (p = NS) in the SIDS/SUDI and hospital-based
groups, respectively. In the folia subset of the SIDS/
SUDI cohort and the hospital cohort, there were 21.6 ±
8.6 and 12.6 ± 13.4 CD68-immunoreactive cells/mm, re-
spectively (p = NS). Within the sulci group (Table 6;

incorporating counts in all areas of the leptomeninges),
there were 9.4 ± 3.5 and 10.9 ± 8.2 CD45-immunoreactive
cells/mm in the SIDS/SUDI and hospital groups, respec-
t ive ly (p = NS) . The re were 29 .0 ± 16 .5 CD68-
immunoreactive cells/mm in the SIDS/SUDI cohort, ver-
sus 12.6 ± 13.4 cells/mm in the hospital group (p = 0.001).

Iron deposition

In contrast to our hospital cohort study in which stainable iron
was found in most cases irrespective of the mode of delivery,
only one case in the SIDS/SUDI cohort demonstrated stain-
able iron in the cerebellum section (Fig 1). The iron deposition
was grossly evident in this case, as reported in the neuropath-
ological examination.

Discussion

There was a notable difference in the methodology
employed in our previous study compared with this study:
all of the cases in the hospital-based cohort had been
reviewed and neuropathologic diagnoses rendered by the
same neuropathologist (TLH). The cases in the present study
involved different pathologists, thus potentially representing a
heterogeneous set of skills in tissue sampling and diagnostic
ability. The likely consequences of a larger number of in-
volved pathologists included a wide range of available tissue
samples for each case, and a paucity of leptomeninges avail-
able for study. We attempted to overcome the second limita-
tion by including the entirety of the leptomeninges on each
slide, unlike in our previous study, wherein only
leptomeninges covering the gyri of the cerebral cortex and
folia of cerebellar sections were assessed.

Inflammatory cells were present in the leptomeninges in all
of the slides in all of the cases, which was concordant with our
prior observations that the leptomeninges contain a surprising-
ly large number of inflammatory cells. The number of

Table 5 Comparison of cell counts/millimeter of leptomeninges in cer-
ebellar sections in SIDS/SUDI (including only folia counts) and hospital
cohort. The total averages reflect the cell counts/millimeter of all of the
brain sections for the SIDS/SUDI subgroup and all of the hospital cohort

Stain SIDS/SUDI
Mean ± SD (n = 5)

Hospital
Mean ± SD (n = 16)

p value

Cerebellum CD45 12.2 ± 7.6 10.9 ± 8.2 NS

CD68 21.6 ± 8.6 12.6 ± 13.4 NS

Total average CD45 13.3 ± 4 14.2 ± 10.7 NS

CD68 29.4 ± 3.8 16.9 ± 10.5 NS

Table 6 Comparison of cell counts/millimeter of leptomeninges in cer-
ebellar sections in SIDS/SUDI (including cases in which counts of both
folia and sulci were performed) and hospital cohort. The total averages
reflect the cell counts/millimeter of all of the brain sections for the SIDS/
SUDI subgroup and all of the hospital cohort

Stain SIDS/SUDI
Mean ± SD
(n = 26)

Hospital
Mean ± SD
(n = 16)

p value

Cerebellum CD45 9.4 ± 3.5 10.9 ± 8.2 NS

CD68 29.0 ± 16.5 12.6 ± 13.4 0.001

Total
average

CD45 10.5 ± 6.8 14.2 ± 10.7 NS

CD68 23.8 ± 9.2 16.9 ± 10.5 0.00001

Table 4 Cells counts per millimeter of leptomeninges for each brain
area sampled in SIDS/SUDI and hospital cohorts and comparison for
statistical significance

Stain SIDS/SUDI
Mean ± SD
(n = 36)

Hospital
Mean ± SD
(n = 16)

p
value

Cerebellum CD45 9.8 ± 4.4 10.9 ± 8.2 NS

CD68 27.8 ± 15.6 12.6 ± 13.4 0.002

Brain stem CD45 5.3 ± 9.6 11.9 ± 9.5 0.02

CD68 8.0 ± 11.9 11.3 ± 84.8 NS

Cortex CD45 8.3 ± 7.6 21.0 ± 22.3 0.01

CD68 23.3 ± 15.2 28.0 ± 18.7 NS

Total
average

CD45 11.8 ± 11 14.2 ± 10.7 0.013

CD68 29.7 ± 31.9 16.9 ± 10.5 0.013
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inflammatory cells in cases with no neuropathologic findings
was not significantly lower than that with reported patholo-
gies, when compared with the age-matched hospital cohort.
The significant number of inflammatory cells is at odds with
the common conception that the presence of inflammatory
cells equates to significant pathology or a traumatic event
[14]. However, eight cases in our SIDS/SUDI cohort had re-
ported signs of possible infection (otitis media, “cough,”
“stuffy nose”) in the weeks preceding death and in two cases,
the presence of otitis media was considered a significant con-
tributory condition in death. While one might postulate that
the presence of inflammatory cells in the leptomeninges in the
otitis media cases could represent an extension of the inner ear
process or an over-active response of an immature immune
system at work, it is noteworthy that the cell counts/millimeter
in the leptomeninges were not significantly different between
the otitis cases and the remainder of the cohort [15, 16].

The “triple risk model” [14] posits that SIDS/SUDI is a
consequence of the interplay between the infant’s intrinsic
vulnerability, a critical developmental period, and extrinsic
factors in the infant’s environment. Progression of basic sci-
ence SIDS/SUDI research will hopefully uncover more under-
lying biological causes and intrinsic factors rather than the
currently accepted absence of pathologic findings [17, 18].
Preferences in nomenclature [19, 20] by different examining
pathologists were noted in this study whereby cases with
SIDS/SUDI with bed sharing causes were mannered as both
“natural” and “undetermined.”

Only one slide in one case demonstrated the presence of
stainable iron. This is in contrast to our previous hospital co-
hort where stainable iron was identified in the majority of
cases, irrespective of the mode of delivery. With regard to
the singular slide with iron deposition in this study, it is note-
worthy that the pathologist recognized it as a remote process
that played no role in death of this infant. To account for the
difference in the plentifulness of iron deposition in these two
cohorts, it is important to recognize that many of the infants
(10 of 16) in the hospital cohort had disease processes which
would have predisposed them to cerebral hemorrhages or in-
farctions (e.g., congenital heart disease) or hypoxic/ischemic
encephalopathy (with ischemia-related hemorrhages).

Conclusion

We confirmed, in part, our previous study that the
leptomeninges of infant brains contain an unexpectedly abun-
dant number of inflammatory cells. Given the multitude of var-
ious disease processes found in our prior hospital-based study,
the presence of inflammation may not have been surprising.
However, in the current, more forensically relevant cohort of
SIDS/SUDI cases where active disease processes and infections
were the exception, the degree of leptomeningeal inflammation
is more surprising. Accordingly, when a pathologist is endeav-
oring to arrive at a cause of death in an otherwise negative death
investigation, the presence of some degree of inflammatory in-
filtrate in the leptomeninges should not be considered a priori
evidence of a potentially life-threatening process. The presence
of leptomeningeal inflammatory cells must be viewed holistical-
ly and in context with the most recent developments in the
research in the field.

Acknowledgments The authors wish to thank the San Diego County
Medical Examiner’s Office for their assistance with this research.

Funding information This study was funded in part by a Lucas Grant
from the American Academy of Forensic Sciences.

Compliance with ethical standards

Conflict of interest The authors declare no conflicts of interest for this
study.

References

1. Fuller GN, Burger PC (1992) Pia-arachnoid (leptomeninges). In:
Sternberg SS (ed) Histology for pathologists, 2nd edn. Raven Press,
New York, pp 164–167

2. Mack J, Squier W, Eastman JT (2009) Anatomy and development
of the meninges: implications for subdural collections and CSF
circulation. Pediatr Radiol 39(3):200–210

3. Wu Z, Tokuda Y, Zhang XWet al (2008) Age-dependent responses
of glial cells and leptomeninges during systemic inflammation.
Neurobiol Dis 32:543–551

4. Jack E, Fennelly NK, Haddix T (2014) The inflammatory cellular
constituents of foetal and infant leptomeninges: a survey of

Fig. 1 Presence of stainable iron
in a single case involving the
cerebellum of an infant with a
history of marked prematurity,
lung disease, and prior surgical
procedure (× 100)

Childs Nerv Syst (2019) 35:2391–23972396



hospital-based autopsies without trauma. Childs Nerv Syst 30:911–
917

5. Willinger M, James LS, Catz C (1991) Defining the sudden infant
death syndrome (SIDS): deliberations of an expert panel convened
by the National Institute of Child Health and Human Development.
Pediatr Pathol 11:677–684

6. Murphy SLZJ, Kochanek KD (2013) Deaths: final data for 2010.
Natl Vital Stat Rep 61:96

7. Soto MS, Sibson NR (2018) The multifarious role of microglia in
brain metastasis. Front Cell Neurosci 12:414

8. Righy C, Turon R, Freitas G et al (2018) Hemoglobin metabolism
by-products are associated with an inflammatory response in pa-
tients with hemorrhagic stroke (Subprodutos do metabolismo da
hemoglobina se associam com resposta inflamatória em pacientes
com acidente vascular cerebral hemorrágico). Rev Bras Ter
Intensiva 30(1):21–27

9. Altin JG, Sloan EK (1997) The role of CD45 and CD45-associated
molecules in T cell activation. Immunol Cell Biol 75(5):430–445

10. Tanaka Y, Matsuwaki T, Yamanouchi K, Nishihara M (2012)
Exacerbated inflammatory responses related to activated microglia
after traumatic brain injury in progranulin-deficient mice.
Neuroscience 122(11):3955–3959

11. Kumar GL, Rudbeck L (2009) Demasking of antigens. In: Kumar
GL, Rudbeck L (eds) Immunohistochemical (IHC) staining
methods, 5th ed. Dako North America, pp 51–56

12. Luna L (ed) (1968) AFIP Manual of histological staining methods,
3rd edn. McGraw-Hill, New York

13. R Core Team (2013) R: a language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna. http://
www.R-project.org/. Accessed Nov 2018

14. Filiano JJ, Kinney HC (1994) A perspective on neuropathologic
findings in victims of the sudden infant death syndrome: the
triple-risk model. Biol Neonate 65(3-4):194–197

15. Ferrante L, Opdal SH (2015) Sudden infant death syndrome and the
genetics of inflammation. Front Immunol 6:63

16. Blackwell C, Moscovis S, Hall S, Burns C, Scott RJ (2015)
Exploring the risk factors for sudden infant deaths and their role
in inflammatory responses to infection. Front Immunol 6:44

17. Goldstein RD, Trachtenberg FL, Sens MA, Harty BJ, Kinney HC
(2016) Overall Postneonatal mortality and rates of SIDS. Pediatrics
137(1):e20152298

18. Louveau A, Smirnov I, Keyes TJ et al (2015) Structural and func-
tional features of central nervous system lymphatic vessels. Nature
523:337–341

19. Shapiro-Mendoza CK, Tomashek KM, Anderson RN et al (2006)
Recent national trends in sudden, unexpected infant deaths: more
evidence supporting a change in classification or reporting. Am J
Epidemiol 163(8):762–769

20. MalloyMH,MacDormanM (2005) Changes in the classification of
sudden unexpected death in infants: United States, 1992-2001.
Pediatrics 115(5):1247–1253

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Childs Nerv Syst (2019) 35:2391–2397 2397

http://www.r-project.org/
http://www.r-project.org/

	Evaluation...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction and objectives
	Materials and methods
	Subject selection
	Sample fixing, staining and immunohistochemistry
	Examination of samples
	Analysis of results

	Results
	SIDS/SUDI demographics
	Density of inflammatory cells in SIDS/SUDI leptomeninges
	Comparisons between SIDS/SUDI and hospital cohort
	Iron deposition

	Discussion
	Conclusion
	References




