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Abstract In 50 cases of sudden infant death cervical,
paratracheal and lung hilar lymph nodes, the thymus and
the spleen were investigated by histology and immunohis-
tochemistry (CD 20, 21, 45R0O). The cases were divided
into 3 groups based on autopsy findings including exten-
sive histology: A — without pathological changes (N =
12), B — with minimal to intermediate inflammation (N =
23) and C — with severe inflammation (N = 15). In accor-
dance with previous results the frequency of “pathologi-
cal” lymph node changes, such as paracortical lymphoid
hyperplasia and variegated hyperplasia of the pulp in-
creased from group A to group C. The B-cell antigens re-
acted accordingly. A pronounced lymphodepletation of
the thymus as asign of along lasting stimulation of the T-
cell system was also observed increasingly from group A
to C. In summary, in none of the cases results obtained
were indicative of adefect of the T- or B-cell system. The
resultsin group A seem to indicate that changesin the re-
action pattern of the lymphoid tissues could be a more
sensitive method of detection of early stages of inflamma-
tion than local histology.
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Introduction

In aseries of 56 sudden infant death (SID) cases Entrup &
Brinkmann [1] described different types and/or grades of
inflammatory lung changes. Correlations to the various
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reaction pattern of the lymphatic tissues [2] showed that
77% of cases with pulmonary inflammation had different
varieties of the florid type of reaction compared to only
17% of control cases. Immunological and histological in-
vestigations carried out in SID cases [3, 4, 5] gave no ev-
idence for disturbances of the humoral immunsystem in
these infants. The questions arose whether these associa-
tions could be confirmed by immunohistochemistry and
wether the distribution patterns of B- and T-cells in these
tissues showed deviations indicating disturbances of the
immune reaction.

Materials and methods

Thorough post mortem examinations (including histology on 28
organs and tissues, bacteriology, virology and full toxicological
screening) were carried out on 50 SID cases at the Institute of Le-
gal Medicine in Minster between 6 and 46 h postmortem (on av-
erage 27 h) using a standardized autopsy protocol similar to that of
the SIDS Global Strategy Workshop [6]. The cases were subdi-
vided into 3 groups as follows [1, 7] (Table 1):

— A: no pathological findings, no previous history of illness (SIDS
cases, N = 12),

— B: minimal to intermediate changes (“SIDS+” [8, 9, 10], N =
23);

— C: pathological changes relevant to the cause of death (non-
SIDS, N = 15);

The weight of the thymus was recorded at necropsy. The lym-
phatic tissues were derived from both lobes of the thymus, the
spleen (cross section) and cervical, paratracheal and lung hilar
lymph nodes, fixed in buffered formalin and embedded in paraffin.
Sections (6 mm) were cut and stained with Haematoxylin-Eosin,
Giemsa and Alcian Blue-PAS. Lymphocytes in lymph nodes (nl)
and spleen were further characterized by the antibodies CD20,
CD21 and CD45R0 (Dakopatts) using paraffinembedded speci-
mens and, in frozen sections of the thymus by the antibodies CD3,
CD4 and CD8 (Dakopatts) using the ABC-technique [11].

Histology

Lymph node (nl) changes were classified as follows [2, 12, 13]. If
combination patterns between the defined reaction patterns were
observed, the most prominent one was chosen for classification.
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— Fallicular hyperplasia (FH). Pronounced enlargement and nu-
merical increase of germinal centres, exhibiting a high mitotic
activity and numerous macrophages with tingible bodies.

— Paracortical lymphoid hyperplasia (PLH). The paracortical ar-
eas showing a rapid and excessive increase of large lymphoid
cells with prominent nucleoli and a basophilic cytoplasm
(Giemsa staining — immunobl asts).

— Variegated hyperplasia of the pulp (VHP). The extrafollicular
cortex, the paracortex, and the medulla are characterized by the
occurrence of abundant immunoblasts which show increasing
differentiation to plasma cells towards the hilus.

— Sinus histiocytosis (SH). Pronounced numerical increase of his-
tiocytes within sinuses.

Thymus

To classify the reaction patterns [14, 15] only the predominant fea-
ture was taken. Transition forms were also recorded.

— Resting stage (RSt). Clear cortex/medulla distinction, high den-
sity of lymphocytes in the cortex without lymphophagocytosis.

— Acute stress reaction (ASR). Dispersion of the cortex with in-
crease of macrophages with a starry-sky aspect, blurring of
medullo-cortical boundaries, hyperemia, septal oedema with
varying lymphocyte content, early signs of cortex shrinkage.

— Adaptation reaction (AR). Reduction of cortical width, enlarge-
ment of the medulla, advanced lymphophagocytosis, foci of lym-
phodepletion, numerical hyperplasia of Hassal's corpuscles.
Septal infiltration by blasts, myelocytes, and few eosinophilic
granulocytes, increasing separation of thymic lobules.

— Inversion stage (ISt). Collagenised septa, shrinkage and separa-
tion of lobules, more pronounced lymphodepl etion of the cortex
leading to a “reverse” picture of lymphocyte density in the
medulla and the cortex, loss of distinction between cortex and
medulla.

Spleen. Acute reactive hyperplasia of the spleen due to infection is
characterized by a hyperplasia of the myeloid and lymphoid cells
of the red pulp and sometimes by congestion with erythrocytes.
The lymphoid follicles are usually hyperplastic with large reactive
centres showing phagocytic activity [16]. The size of the follicles
(small, intermediate, large), the number of follicles (far, several,
many) and the activity of germinal centres (no activation, weak to
intermediate activity, strong activity) were evaluated and each
graded from 1-3. The average score was calculated from the three
parameters for each case and for the whole group.

Immunohistochemistry

The properties of the antigens used are:

— CD20 reacts with most B-lymphocytes (blood, lymphatic tis-
sues) especiadly in the germinal centres and with B-im-
munoblasts while other haemopoetic cells do not react [17, 18].

— CD21 reacts with an antigen on the majority of B-cells and fol-
licular dentritic cells [19, 20].

— CD45R0 reacts with most thymocytes, with mature activated T-
cellsand with a T-cell subpopulation carrying the antigens CD 4
and CD 821, 22].

The intensity of the immunohistochemical reaction of lympho-
cytes in lymph nodes and spleen were scored semiquantitatively
in relation to standard slides (grade 1 = < 25%, grade 2 = 25%—
50%, grade 3 = 50%—75%, grade 4 = > 75% positive cells) and
the arithmetic means of these grades were calculated for the
groups.

Table 1 Categories of sudden infant death and pathological find-
ingsin the cases of the defined groups. IP — interstitial pneumonia,
grading according to Entrup & Brinkmann [1], Bajanowski &
Brinkmann [31]

Disease Group A

N=12

Group B
N=23

Group C
N =15

Rhinitis
Pharyngitis
Tracheitis
Bronchitis

IP grade 1
grade 2
grade 3

Bronchopneumonia
CMYV inclusion disease
Tonsillitis

Enteritis

Nephritis

Carditis
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a Borderline type after Aretz [36] — N = 3; and lymphocyte infil-
tration with sarcolysis, no fibrosis— N =3

Table 2 Reaction patterns of lymph nodes in the three groups.
“Physiological” and pathological reactions are summarized

Group A Group B Group C

N % N % N %

Inconspicuous 3 25 0 0
FH 4 33 9 39 3 20
PLH 3 25 9 39 8 53
VHP 2 17 2 9 4 27
SH 0 3 13 0
Total number 12 23 15
Normal 7 58 9 39 3 20
(inconsp. + FH)
Pathological 5 42 14 61 12 80

(PLH + VHP + SH)

FH follicular hyperplasia, PLH paracortical lymphoid hyperplasia,
VHP variegated hyperplasia of the pulp, SH sinus histiocytosis

Results

1. Histology

Lymph nodes (Table 2). Germinal centre reaction was ob-
served in all cases except three of group A which were
young infants (Table 2). Thus FH (Follicular hyperplasia)
was a regular and the most predominant finding in the
cases listed (Table 2). The pathological features showed
an increase from group A to C which is significant if
“physiological” and “pathological” findings are combined
(Table 2).

Thymus (Table 3). Transition forms were present in 11
cases. Resting stages were only observed in group A.
ASR and AdR showed no major differences between the
groups while ISt was nearly doubled from group A to C.
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Table 3 Reaction patterns of the thymus in the three groups. The
number of transition forms is given in brackets between the lines

Group A Group B Group C
N % N % N %
RSt 3 25 0 0
ASR 1 8 7 30 2 13
® @
AdR 6 50 11 48 7 47
@ ©)
ISt 2 17 5 22 6 40
Total 12 23 15

RS resting stage, ASR acute stress reaction, AdR adaptation reac-
tion, IS inversion stage

Table4 Comparison of nl and thymus reaction patterns

nl Thymus

Rst ASR AdR ISt
Inconsp. 1 1 1 0
FH 2 3 9 2
PCH 0 3 10 7
VHP 0 2 3 3
SH 0 1 1 1

Table5 Spleen. Average score of the size and the number of fol-
licles and the activity of germinal centres graded from 1 to 3.
Number of specific findings in the different groups

Spleen

Group A GroupB Group C

Number of follicles 2.36 2.23 193
Size of follicles 245 2.32 2.20
Activity of follicles 2.36 1.95 1.73
Mean value of the group 2.29 217 1.95
Late stage of acute reactive 1 7 1
hyperplasia
Immature lymphocytes 0 0 2
Sinusgranulocytosis 0 0 2
Massive iron deposits 1 0 1

The comparison of nl and thymus findings showed that
RSt of the thymus was associated with “normal” reaction
patterns of nl and that AdR and 1St could be observed in
association with pathological reaction patterns of nl
(Table 4).

Spleen. Follicles and germinal centres were present in all
cases. The evaluation of the size, the number of follicles
and the activity of germinal centres resulted in only small
differences between the groups. The mean values for al
three parameters were quite similar (Table 5) suggesting
that there is no correlation between the grade of inflam-
matory disease and the histological reaction patterns of
the spleen. In addition, numerous polymorphonuclear
leukocytes and a high number of phagocytic cells contain-
ing ingested debris from leukocytes and erythrocytes (late

Fig.1 Histology a Late stage of reactive hyperplasia of the spleen
with remnants of cells and nuclei in agerminal centre. HE, 250 x.
b Intensive iron storage in the red pulp of the spleen detected by
Berliner blau staining. 100 x

stage of acute reactive hyperplasia; Fig.1la, Table 5), a
large number of atypical or immature lymphocytes, sinus
granulocytosis and massive iron deposits (Fig. 1b, Table
5) were observed in some cases.

2. Immunohistochemistry

nl. With two expections, all antigens were detectable in all
cases. In these two cases CD20 gave negative results al-
though all other markers were normally expressed. CD20
showed the strongest expression in group C while CD21
and CD45R0 were weakest in group C (Fig.2a + b).

Inconsistent or negative reactions were obtained in the
thymus using CD3, 4 and 8 which could not be graduated
and may be due to the long time interval between death
and autopsy and to the storage of the specimens over
some months at —20° C before investigation.

The immunohistochemical reactions of the spleen were
closely associated to the histological findings. In cases
with large follicles and activated germinal centres the
number of cells positive for CD20 and CD21 was rela-
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Fig.2 Immunhistochemistry a Follicular hyperplasia of a lymph
node. Strong reaction with CD20 (- ) in agerminal centre. 100 x.
b Diffuse lymphatic hyperplasia. Weak reaction of the T-cell anti-
gen CD45R0 (- ) in the paracortical area of anl. 400 x. ¢ Spleen.
Germinal centre with positive T-cell reaction (CD45R0) in the pe-
riphery of the follicle. 250 x

tively high. The reaction strength for CD 21 and CD45R0
(Fig. 2c) showed no group specific differences. The reac-
tion strengths for CD20 and CD45R0 in the groups A
and B were also very similar but lower in group C (Table
6).

.. Reaction patterns in selected lymphatic tissues associated with SID

Table6 Antigen strength in lymph nodes and thymus in the three
groups

Organ Antibody GroupA GroupB Group C
Lymph node CD20 2.0 1.85 2.33
CD21 1.69 1.69 153
CD45R0 2.0 1.95 1.67
Spleen CD20 325 3.30 287
CD21 233 24 24
CD45R0 2.66 27 254
thymus weight
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Fig.3 Thymus weights and ages in the cases of groups A, B and C

Age distribution and thymus weight. The age distribution
of group C obvioudy differed from the other 2 groups
(Fig. 3) because the infants in group C were with 1 excep-
tion younger than 7 months, while group A and B show a
more continuous distribution. But the age distribution in
group C was also typical for SIDS cases.

The thymus weight increased during the first year of
life. In most cases of group C the thymus weights were
lower compared with age-matched victimsin group A and
B (Fig. 3) independent of sex.

Bacteriology and virology. In 2 cases from group A no
bacteria could be detected. In 4 cases with long post-
mortem intervals (time between the presumed death and
autopsy longer than 30 h) bacteria which occur physiolog-
ically in the intestine were found (e.g. escherichia coli) in
swabs originating from the airways. Pseudomonas aerogi-
nosa and bacteroides species could be cultured in the ma-
terial from the airways in a further 4 cases and in 2 cases
without histological signs of inflammation, pneumococci
and klebsiella pneumoniae were found in the middle ear.
Bacteria could not be detected in 6 cases from group B. In
9 cases bacteriawere found in the swabs from the airways
indicating postmortem contamination and in 9 cases
(89%) pneumococci (N = 3), meningicocci (N = 1), kleb-
siella pneumoniae (N = 6), B-haemolysing streptococci (N
= 2) were cultured, partidly in combination. In group C
pathogenic bacteria were found in 7 cases (47%; pneumo-
cocci, N = 3; klebsiella pneumoniae, N = 2; stapphylococ-
cus aureus, coagulase positive, N = 1, B-haemolysing
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streptococci, N = 2). Virological investigations after cul-
ture and electron microscopical examination were nega-
tive in the swabs from the respiratory system in all 50
cases. Using PCR [23] cytomegalovirus could be deteted
in the lung parenchymain 1 casec of group C.

Discussion

Pathogenic bacteria could be found in increasing fre-
quency from group A (17%) to B (39%) and C (47%).
The significance of the positive results of bacteriology has
to be considered for each single case, taking the autopsy
findings, the results of histology and the possibility of
postmortem contamination into consideration.

Lymph nodes. FH is a common form of germinal centre
reaction and was regularly found in the SID series except
for 3 cases (very young infants aged 4, 5 and 7 weeks). FH
is associated with proliferation of specifically antigen re-
active, immunocompetent B memory cells [24] and indi-
cates chronic stimulation by antigens in a secondary or in
alater phase of primary immune response. It basically re-
guires a specific interaction between B- and T-cells. PLH
isinduced by a cell-mediated immune response leading to
relevant changes in the paracortex. Accumulation of T-
cells and immunoblasts leads to enlargement of the para-
cortex [25]. These cells can migrate to other lymphatic or-
gans and cause a generalized immune response. PLH and
VHP indicate very recent infection [26]. These features
increased from group A to C while T-cell antigens showed
normal expressions. VHP and SH seem to be especialy
associated with virus infection [2]. FH could be found in
al nl regionsinvestigated as a“ generalized” feature while
PLH and VHP if present were more often and more
strongly expressed in the lung hilum. Since FH was areg-
ular finding and associated with normal antigen distribu-
tions (CD20, CD21) it can be concluded that FH is “nor-
mal” in this age group thus indicating chronic or repeated
antigen stimulation. Also a strong correlation of patholog-
ical nl changes (Table 2) to the increasing frequency and
severity of inflammation in group B and C could be
demonstrated. While VHP is the local type (associated
with virus infection) and PLH is the genera type (cell-
mediated immune response), their occurrence indicates
virusinfection associated with the anatomical region of nl
sampling (e.g. lung, upper airways).

Thymus. Dourov [27] reported that thymus involution
could be a possible sign of disease and established some
criteria to grade the extent of involution. Van Baarlen et
a. [15] were able to demonstrate a correlation between
thymic involution and duration of acute disease. The most
important grading criteria was a quantification of lym-
phophagocytosis. — The grading scheme of Kloos and Vo-
gel [14] additionally considers lymphocyte migration
which gradualy increases from a low level at the ASR
through an intermediate level (AdR) — equivalent to suba-
cute reaction — to the highest level at the inversion phases

— equivalent to a long lasting or repeated stimulation of
the T-cell system. In accordance with these findings nor-
mal thymus patterns (RSt) were only observed in group A
and the acute type of reaction was more pronounced in
group B.

The relatively low thymus weights in group C indicate
a “stress-related” involution [28, 29] due to illness [27,
30]. According to Van Baarlen et a. [15] it can be con-
cluded that in these cases alonger and more severe illness
must have occurred than was known from the previous
history. In 75% of the casesin group A the thymus histol-
ogy aso indicates previous or actual stress (Table 3). It
can be supposed that pathological nl changes and signs of
stress in the thymus in group A could be a more sensitive
parameter than local histology indicating early stages of
inflammation.

Sleen. Theoretically follicle activity should increase in
accordance with the severity of inflammation. But num-
ber, size and activation stages of follicles are neither alone
nor in combination discriminative parameters for the
groups formed (Table 4). A possible explanation isthat in
the present series only cases with acute inflammation
were included which did not lead to an intensive reaction
of the spleen. Mild to moderate activation in group A
could be due to preceding or to previous infection which
is presently characterized by an activation of lymphatic
tissue only (e.g. interstitial pneumonia of grade 0 —[31]).
IHC confirmed in each case the results of the histology
but gave no additional information.

L ate stages of reactive hyperplasia (remnants of nuclei,
N = 5) in cases of group B could be due to a previous in-
flammation or the acute disease diagnosed which should
have much more significance than supposed by assess-
ment of the local inflammation. An increased number of
immature lymphocytes and granulocytosis in the present
cases indicate a generalized immunological reaction due
to an infection unknown from previous history. The iron
storage can be due to fetal hemolysis in 1 case aged 9
weeks and due to inflammation with increased hemolysis
in the other case (6 months old).

Since group C showed a different age distribution from
groups A and B, age dependent differencesin the reaction
patterns of lymphoid tissues could not be verified.

In accordance with the previous study [2] and the re-
sults of others [3, 4, 5] a substantia lack of reactivity in
the immune system of SID victims could not be demon-
strated. The B- and T-cell antigens investigated showed
normal reactivity and a correlation with the histological
classifications. The different reaction patterns of nl, thy-
mus and spleen correlate with each other and in genera
also with the severity of the diagnosed disease. In some
cases from group A (SIDS cases) reaction patterns were
observed which are normally associated with acute in-
flammation. The immune response characterized by these
reaction patterns could be due to an early stage of inflam-
mation showing no specific histological signs [31] or no
specific focus for the infection [32]. These reaction pat-
ternsin group A indicate inflammatory stress [15] but are



68 T. Bgjanowski et al.: Reaction patterns in selected lymphatic tissues associated with SID

obviously not compatible with arapidly overwhelming in-
fection leading to death. It must be supposed that not only
foudroyant infection may precede a measurable immune
response [33]. Also minor inflammatory changesin “typ-
ical SIDS cases’ seem to be characterized by detectable
immune response and may contribute to some cot deaths
[34, 35].
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