Pediatr Allergy Immunol 1995: 6: 48-55
Printed in Denmark — all rights reserved

Copyright © Munksgaard 1995
PEDIATRIC ALLERGY
AND IMMUNOLOGY

ISSN 0905-6157

Changes 1n the concentration and distribution of
immunoglobulin-producing cells in SIDS

palatine tonsils

Stoltenberg L, Vege A, Saugstad OD, Rognum TO. Changes in the con-
centration and distribution of immunoglobulin producing cells in SIDS
palatine tonsils.

Pediatr Allergy Immunol 1995: 6: 48-55. © Munksgaard 1995.

Seventeen sudden infant death syndrome (SIDS) cases and 9 controls,
were examined immunohistochemically with regard to the presence of
IgA-, IgM-, IgD, and IgG, as well as for thesubtypes IgGi-, 1gG,-, 1gGs-,
and IgG,-immunocytes. Differences in compartmentalization were also
investigated. Differences were demonstrated between SIDS and controls
in total number of IgG cells per 0.1 mm? tissue area (median: 18.3, range:
12.3-30.2 versus median: 6.3, range: 2.0-14.6) (p<0.01), and for IgA
immunocytes (median: 3.9, range: 2.4-5.0 versus median: 1.5, range:
1.1-3.7) (p<0.05), while no differences were demonstrated for IgM cells
(median: 1.8, range: 1.2-3.3 versus median: 1.8, range: 0.7-5.6) or IgD
cells (median: 1.9, range: 0.8-2.9 versus median: 1.6, range: 0.7-2.4).
Differences were demonstrated between SIDS and control IgG plasma
cells in all the four palatine tonsillar compartments; germinal centre
(p<0.01). mantle zone (p <0.05), interfollicular area (p<0.01) and reticu-
lar epithelium (p <0.01). Furthermore, the number of IgA cells was higher
in SIDS vs. controls in both the germinal centre (median: 1.4, range:
0.6-2.1 versus median: 0.6, range: 0.3-1.3) (p<0.05) and in the inter—
follicular area (median: 2.2, range: 1.1-3.1 versus median: 0.5, range:
0.4-2.0) (p<0.01). For IgM immunocytes, differences were demonstrated
in the germinal centre (median: 1.0, range: 0.4-1.6 versus median: 0.4,
range: 0.3-1.3) (p<0.01) as well as in the germinal centre (median: 0.6,
range: 0.5-0.8 versus median: 0.4, range: 0.3-0.7) (p<0.01) and in the
interfollicalar area (median: 1.2, range: 0.8-1.6 versus median: 0.5, range:
0.5-0.7) (p<0.01) in the IgD immunocyte group. The total number of
1gG;- and IgGs-immunocytes were increased in SIDS (median 15.6, range:
5.3-58.9 versus median: 2.5, range: 1.5-8.4) (p<0.01) and (median: 3.6,
range: 0.4-8.6 versus median: 1.1, range: 0.4-1.3) (p<0.01) respectively.
Furthermore, significantly increased numbers of these two subclasses,
were seen in all the four compartments in the SIDS cases. The palatine
tonsillar immune system is stimulated in SIDS. Furthermore, the changes
being predominantly in the germinal centres and interfollicular areas, are
indicating a recent stimulation, and the IgG-subgroup response pattern
makes a viral protein antigen the most likely stimulant.

L. Stoltenberg™?, A. Vege',
0.D. Saugstad?, T.0. Rognum’

"Institute of Forensic Medicine, 2Department of
Pediatric Research, The National Hospital, Oslo,
Norway

Lauritz Stoltenberg, Department of Pediatric
Research, The National Hospital, N-0027 Oslo,
Norway

Key words: palatine tonsils; immunocyte response;
IgG-subgroup changes; compartmentalization;
SIDS

Received March 22, 1994
Accepted May 24, 1994

The observation that an otherwise healthy infant
may die in the presence of a common seasonal respi-
ratory infection (1-4), was noted long before the
SIDS-definition was agreed upon in 1969 (5). SIDS
is more common in colder climates and an increased
incidence correlates with the season of respiratory
tract infections (6). More than half of the SIDS
victims have reportedly had a mild infection in the
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week preceding death (7), and up to 75% have had
histological or microbiological evidence of a respi-
ratory tract infection at autopsy (8-12). Further-
more, recent research has indicated that SIDS-in-
fants have a stimulated immune system at time of
death (13-15). All the previous studies have been on
the secretory immune system, of which the palatine
tonsils are not a part due to the lack of secretory



Table 1. Clinical and autopsy data about the SIDS infants

Signs/ Microbiology Autopsy immune
symptoms response
Premature,
vomiting®
More sleep, off
feeds”
Resp. inf. Branhamella Inflammation in  1gG, IgA, IgA,
catarrhalis in lungs larynx and lgG;
Resp. inf. Klebsiella Purulent mucus in  1gG, IgA, IgM
pneumonia in airways and IgG,
airways/lungs
Resp. inf, Staphylococcus Inflammation in lgG, lgA, 19G,
aureus in lungs larynx and trachea and AgGs;
Resp. inf. Slight lgG
inflammation in
airways
Resp. inf. IgG, 1gG;,
igG,
Vomiting Staphylococcus lgG and IgA
aureus in airways
and GIT
Fever, restless  Staphylococcus  Necrosis in liver.  1gG, IgA, IgM,
and fussy* aureus in CSF, Inflam. in IgD and lgG;
blood, liver and  intraventr. septum
spleen
Resp. inf.” Respiratory Strawcolured fluid 19G, IgA, IgM,
cyncytial virus in airways laG; and lgG;
Resp. inf,, Abundant growth  Inflammationin ~ 1gG, IgA, IgM,
restless and of Haemophilus  airways. Purulent  1gD, 1gG;, lgG,
fussy* influenza in mucus and lgG,

airways

*Diagnosed as Borderline SIDS.
*Visited local GP within 48 h of death.

component (16). They are strategically positioned to
monitor both airborne and alimentary antigens, the
deep crypts make a massive antigenic and mitogenic
load possible, and they contain all the cells neces-
sary to produce an antibody response, namely anti-
gen presenting cells, different T-cell subsets and
B-cells (17). Moreover, the palatine tonsils may play
an important role in “priming” the bronchus associ-
ated (BALT) and gut associated (GALT) lymphoid
systems (18), and may provide for widespread dis-
semination of effector and memory cells to distant
mucosal surfaces to provide continuous body-wide
surveillance.

Our purpose was to investigate the humoral im-
mune responses in SIDS palatine tonsillar tissue
with particular interest in IgG-subgroup changes and
changes in compartmentalization.
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Patients and methods

Twenty-five SIDS and 16 controls were included in
the preliminary study. However, on examination of
these specimens, only 17 SIDS and 9 controls were
accepted for the immunocyte examination due to
very strict morphological criteria. All the 4 palatine
tonsillar compartments; reticular epithelium, inter-
follicular area, mantle zone, and germinal center had
to be present in the specimen to be accepted for
immunohistochemistry and cell counting. The con-
trol group was matched for age and the sex distribu-
tion was as in the SIDS population (SIDS: 9= O,
8= Q; control: 5= &, 4= Q). The following causes
of death were represented: congenital heart defects
(n=2), head injury (n=2), infanticide (n=2), acci-
dental strangulation (n= 1), CO-intoxication (n=1),
and intracranial hemorrhage (n=1). Both the infants
with congenital heart defects died during operations/
investigations, while the infant with intracranial
hemorrhage died within 2 h of diagnosis. All the
other deaths were immediate. (It was impossible to
obtain accurate data on time interval in the case of
CO-intoxication.)

Sixteen of the SIDS infants were born at term
(38-42 wk of gestation), while one was premature
(girl, 32 wk of gestation, and did not require respira-
tory support).

Six of the SIDS infants had no particular clinical
history and no specific findings at autopsy. Nine
(53%) of the infants had definite signs and symp-
toms of an upper respiratory tract infection, rhinitis,
cough, and/or fever. Other symptoms observed were
increase in hours of sleep, restlessness and the infant
described as being fussy. The average age in this
group of SIDS infants with respiratory tract infec-
tions was 4.2%1.9 months. Data about the SIDS
infants with abnormal clinical history and/or au-
topsy, are given in Table 1. We decided that an
immunocyte count above mean, could be considered
as an immune response in this summary.

Tissue

Tissue specimens were obtained during the post-
mortem examination (SIDS: mean post-mortem
time: 28 h, range 10-72 h. Controls: mean post-
mortem time: 24 h, 8—63 h). Sections approximately
-2 mm thick, were paraffin-embedded after fixa-
tion in cold ethanol, either directly or after extraction
in cold phosphate buffered saline (PBS) for 24 h
(19) at 4°C to remove extracellular diffusible immu-
noglobulins.
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Total 1gG-, IgA-, IgM-, and IgD-immunocyte counts

Fig. 1. The results of the
total immunocyte counts
given as absolute
immunocyte number/

0.1 mm? tissue unit. Values
are given as median and
range. (The IgG-subgroups
have not been included).
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Immunohistochemistry

Adjacent tissue sections were cut at 6 um and in-
vestigated with direct immunohistochemical tech-
nique for the presence of IgA-, IgM-, IgG-, IgG,-,
IgG,-, 1gGs-, 1gG,-, and IgD-producing cells (20,

5 .w.».&t: VI,

Fig. 2. Morphology of tonsillar tissue. Crypt (C), reticular epi-
thehum (R), interfollicular area (IF), mantle zone (M), and
germinal center (GC) can be seen (x 100).
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21). Polyclonal rabbit reagents with specificities for
human (IgG) y-chain, (IgA) o-chain, (IgM) u-chain,
and (IgD) &-chain respectively were all purchased
from DAKO immunoglobulins A/S, Denmark.
Mouse monoclonal reagents to I1gG;-, IgGs-, 1gGs-,
and IgGy-plasma cells were purchased from The
Binding Site Ltd., Birmingham B15 2SQ, England.

Fluorescence microscopy and photography

Observations were performed in a Leitz Aristoplan
fluorescence microscope. Narrow band excitation
and selective filtration of the fluorescence colours
were obtained with a Phloem-type epiilluminator.

Quantification of IgG-, IgA-, IgM-, IgD-, IgG,,
IgGs-, I1gG;-, and IgGg-immunocytes, were deter-
mined by means of an ocular grid (Leitz code No
519902) and given as cell number per grid area (0.1
mm?), Cell counting was carried out in a systematic
manner throughout every lymphoid compartment;
germinal center, mantle zone, extrafollicular area,
and reticular epithelium. All fluorescent cells with a
discernable nucleus and celllike body with a pure
green or red cytoplasmic colour were included in the
enumeration. Agfa 800 ASA daylight film was used
in recording the findings. The inter— and intraperso-
nal reproducibility of the scoring system and the
staining procedure was tested blindly.

Statistics

For comparison between groups, the Mann-Whitney
U-test was applied and for reproducibility testing,
Kappa test was used.
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Fig. 3. IgG response. He and immunohistochemistry. a) SIDS-specimen from a boy aged 5 months. Area enlarged is marked out. b)
IgG response in germinal centre (x320). ¢) Tonsil from a control, boy 4.5 months old. Area enlarged is marked out. d) IgG response in
germinal centre (x320).
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Table 2a. IgG-, IgA-, IgM-, and {gD-plasma cells in SIDS and control palatine
tonsils. Values are given as median and range

SIDS Controls p-value
lgG  total 18.3 (12.3-30.2) 6.3 {2.0-14.6} <0.01
RE 2.3 (0.1-13.4) 1.2(0.3-3.1) <0.01
IF 5.2 {1.5-35.1) 3.0 (0.7-4.5) <0.01
MZ 0.5 (0.3-2.5) 0.2 (0.1-0.6) <0.01
GC 11.8 {2.0-31.6) 1.9 (0.6-8.6) <0.01
lgA  ftotal 38(2.4-49) 1.5 {1.1-3.7) <0.05
RE 0.3 (0.0-0.5) 0.2 (0.0-0.3) ns.
(3 2.2 (1.1-3.1) 0.5 (0.4-2.0) <0.01
Mz 0.1 {0.0-0.3} 0.1 {0.0-0.3) n.s.
GC 1.4 (0.6-2.1) 0.6 (0.3-1.0} <0.05
lgM  total 1.8 (1.2-3.3) 1.8 (0.7-5.6) n.s.
RE 0.0 (0.0-0.4) 0.1(0.0-0.3) ns.
IF 0.8 (0.5-1.3) 0.3 (0.2-0.9) n.s.
MZ 0.0 (0.0-0.2) 0.0 (0.0-0.2) ns.
GC 1.0 {0.4-1.6) 0.5 (0.3-1.3) <0.01
gD total 1.9 {0.8-2.9} 1.6 (0.7-2.4) n.s.
RE 0.3 (0.1-0.4) 0.2 (0.1-0.2) ns.
IF 1.2 {0.8-1.6) 0.5 (0.5-0.7) <0.01
MZ 0.1{0.0-0.2) 0.1{0.0-0.2) ns.
GC 0.6 {0.5-0.8} 0.4 {0.3-0.7} <001

RE = Reticular epithelium, IF = Intrafollicular area, MZ = Mantle zone, GC =
Germinal centre.

Table 2b. IgG subgroup changes in SIDS and controls. Values are given as
median and range

SIDS Controls p-value
lgG,  total 15.6 (5.3-58.9) 2.5 (1.5-8.4) <0.01
RE 2.3(1.3-7.6) 0.6 (0.2-1.4) <0.01
IF 3.2(0.7-29.7) 1.6 (0.4-2.4) <0.01
MZ 0.3 (0.1-1.8) 0.1(0.1-1.1) <0.01
GC 7.4 (0.7-21.3) 0.4 {0.4-5.5) <0.01
lgG, total 1.8 {0.3-8.7) 1.9 {0.4-6.0) n.s.
RE 0.8 (0.4-2.5) 0.6 (0.4-1.7) n.s.
IF 0.9 (0.4-4.4) 0.7 (0.1-2.9) <0.01
MZ 0.1(0.0-0.3) 0.2 (0.0-0.5) n.s.
GC 1.4 (0.4-3.6) 1.1{0.1-1.7) n.s.
lgG;  total 36(0.4-8.6 1.1{0.4-2.3} <0.01
RE 1.0 {0.2-2.3) 0.2 {0.1-1.3) <0.01
IF 1.6 (0.5-4.5) 0.3 (0.1-0.5) <0.01
MZ 0.3 (0.1-0.8) 0.2 {0.0-0.6} <0.01
GC 1.8(0.3-7.4) 0.5 (0.1-1.6) <0.01
lgG, total 1.0 (0.4-2.3) 0.6 {0.0-3.5) n.s.
RE 0.3 (0.1-0.4) 0.4 {0.0-0.5) n.s.
IF 0.5 (0.2-1.0) 0.5 (0.2-0.9) ns.
MZ 0.0 (0.0-0.2) 0.0 (0.0-0.1) n.s.
GC 0.2 (0.1-0.8) 0.3 (0.0-0.5) n.s.

RE = Reticular epithelium, IF = Interfolficular area, MZ = Mantle zone, GC =
Germinal centre.

Results

Reproducibility

Cell counts by two different observers (LS and Av);
showed a fairly good degree of reproducibility

(Kappa = 0.5). Reproducibility of the staining proce-
dure and scoring system applied by the same ob-
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server was even better (LST and LSII) (Kappa =
0.7).

lgA-, IgM-, 1gG- and IgD-immunocytes

The total number of IgA immunocytes per grid area,
was higher (p <0.05) in the SIDS victims compared
to controls, median: 3.9, range: 2.4-5.0 and median:
1.5, range: 1.1-3.7 respectively (Fig. 1). Significant
differences were demonstrated for the inter-follic-
ular area and the germinal centre as well, while no
differences could be demonstrated in the mantle
zone or in the reticular epithelium (Table 2a).

No difference was demonstrated in the total num-
ber of IgM immunocytes in SIDS tonsils (median:
1.8, range: 1.2-3.3) compared to controls (1.8,
range: 0.7-5.6). However, in the germinal center, the
SIDS group had more IgM cells than the controls,
median: 1.0, range: 0.4—1.6 and median: 0.5, range:
0.3-1.3 respectively (p <0.01), while no differences
could be demonstrated in the three other compart-
ments (Table 2a).

The SIDS tonsils also contained higher number of
IgG cells per grid area than controls, median: 18.8,
range: 12.4-30.2 and median: 6.3, range: 2.0-14.6
respectively (p<0.01). Furthermore, significant dif-
ferences were demonstrated in all the four compart-
ments (Table 2a).

No differences were demonstrated between the
SIDS and control total number of IgD cells per grid
area, median: 1.9, range: 0.8-2.9 and median: 1.6,
range: 0.7-2.4 respectively. However, differences
were demonstrated in the germinal centre, and in-
terfollicular area (Table 2a).

The results of the total immunocyte-counts are
given as absolute immunocyte number/0.1 mm? tis-
sue area in Fig. 1, while detailed information about
immunocyte differences in the 4 compartments, is
given in Table 2a.

19G:-, 1gGy, 19G5-, and 1gG-subgroup

A difference between SIDS and control, was demon-
strated in the total IgG;-subgroup (median: 15.6,
range: 5.3-58.9 versus median: 2.5, range: 1.5-8.4)
(p<0.01), as well as in all the four compartments:
germinal centre (median: 7.4, range: 0.821.3 versus
median: 0.4, range: 0.4-5.5) (p<0.01), mantle zone
(median: 0.3, range: 0.1-1.8 versus median: 0.1,
range: 0.1-1.1) (p<0.01), interfollicular area
(median: 3.2, range: 0.7-29.7 versus median: 1.6,
range: 0.4-2.4) (p<0.01), and reticular epithelium
(median: 2.3, range: 1.3-7.6 versus median: 0.6,
range: 0.2-1.4) (p<0.01).

Concerning the IgG,-immunocyte subset, dif-
ferences could only be demonstrated in the interfol-
licular area (median 0.9, range: 0.4-4.4 versus



median: 0.7, range: 0.1-2.9) (p<0.01), while no
significance could be demonstrated between SIDS
and control total 1gG,, germinal centre, mantle zone
or reticular epithelium (Table 2b).

Significant differences could be demonstrated be-
tween SIDS and control total IgG; (median: 3.6,
range: 0.4-8.6 versus median: 1.1, range: 0.4-2.3)
(p<0.01), as well as in all the compartments; germi-
nal centre (median: 1.8, range: 0.3-7.4 versus
median: 0.5, range: 0.1-1.6) (p <0.01), mantle zone
(median: 0.3, range: 0.1-0.8 versus median: 0.2,
range: 0.0-0.6) (p<0.01), interfollicular area
(median: 1.6, range: 0.5-4.5 versus median: 0.3,
range: 0.1-1.3) (p<0.01), and reticular epithelium
(medium: 1.0, range: 0.2-2.3 versus median: 0.2,
range: 0.1-1.3) (p <0.01). Total SIDS versus control
IgG as well as the differences in the four compart-
ments, did not reach significance (Table 2b).

Discussion

Tonsils are particularly designed for direct transport
of foreign material from the exterior to the lymphoid
cell, in contrast to lymph nodes, which depend on an
antigen delivery through afferent lymphatics. Fur-
thermore, 1gG, IgA, and IgM in that order, are trans-
ferred to the surface of palatine tonsils, particularly
into the crypt lumen, by passive intercellular diffu-
sion through the epithelium (22, 23).

Awaya has suggested that palatine tonsils are
most active between the ages 4 to 10 years, with a
marked decrease after the age of 20 (24). However,
other researchers are of the opinion that the palatine
tonsils are in a very active state in much younger
children, and even in infants who have experienced
no tonsillar disease (25). We have to consider the
following facts, before an attempt is made to analyze
and discuss our results: 1) previous investigators
have shown large individual variations (26); 2) rapid
changes with age (26); hence age-matched popula-
tions are of uttermost importance since a 1-month-
old breastfed baby cannot be compared with a 1-
year-old infant; 3) even the different lymphoid com-
partments may vary considerably from one speci-
men to the other (25).

To summarize our findings: SIDS infants had sta-
tistically significant higher concentrations of IgG,
and IgA-immunocytes compared to control infants,
and the common feature in all these changes were a
significant difference in the interfollicular area. The
increase in number of IgG immunocytes is due to
increase in the subclasses IgG, and IgGs. Our find-
ings indicate a stimulated immune system in the
upper aeroalimentary tract, the most likely cause
being an infection. In 1988 Okamoto (27) studied
tonsilar lymphocytes from 39 patients that had ton-
sillectomy carried out during a community outbreak
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of respiratory syncytial virus (RSV) infection. The
immunocytes in culture showed an IgA-, IgG,;- and
[gGs-response to RSV. Furthermore, he concluded
that IgG antiviral activity in tonsillar lymphocytes
seems to be largely due to IgG,-bearing celis. Simi-
lar findings have been demonstrated in sera from
infants and children less than 2 years of age under-
going primary RSV infection (28). These authors
conclude that the IgG,- and IgG;-subgroup response
is the pattern typical for viral protein antigens (28).
The poor, or near absence of an immune response
noted in the IgG, subgroup, may be due to immun-
ological immaturity of the IgG, system, since it has
been shown to develop at a slower pace than the
IgG, and IgG; subgroups (29).

Respiratory syncytial virus have for many years
been associated with SIDS (30), however, other mi-
croorganisms have to be considered as well (31, 32).
Furthermore, other researchers have demonstrated
that the absolute number of B-cells, were signif-
icantly greater in diseased tonsils compared to con-
trols, and that increase in microbial load correlates
with increased number of B-cells (33). Bernstein et
al. (34) were able to demonstrate that both bacterial
(Streptococcal) and viral (Epstein-Barr) infections
tended to cause an increase in number of immuno-
cytes in the interfollicular area and that this tendency
increases with age (34).

Based on studies of death- and trigger-mecha-
nisms in SIDS, we have suggested that SIDS might
be due to an overreaction of the mucosal immune
system (15, 35-38). In a vulnerable phase of both
development of the immune system and the CNS, a
common microbial factor might trigger a peripheral
immune reaction which induce an immune response
in CNS, such a response might in turn trigger a
down-regulation of respiration and finally lead to
coma and death. A recently published paper supports
this view (39).

The tonsillar immune responses demonstrated in
this paper will cause the release of several cytokines
(40), and it has been suggested that interleukin-1f3
(IL-1B) may be the intermediary causing sudden
infant death during a respiratory infection (41). In-
terleukin-1f has been shown to appear within 1-2 h
after stimulation with influenza virus and/or bacte-
rial endotoxin (culture supernatants of human pe-
ripheral blood leukocytes) and it will reach a maxi-
mum between 16 to 20 h post stimulation (42). In the
CNS it acts on the hypothalamic thermoregulatory
center and other centers to cause fever and sleep and
acts in many areas of the CNS to increase various
neuropeptides including endorphins (43). We have
recently demonstrated that intravenous and intrathe-
cal (cisterna magna) injection of IL-1f in piglets,
prolongs apnea and modifies autoresuscitation (44),
and that the duration of apnea correlates strongly
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with the level of f-endorphins in the CSF (r=0.84)
(45).

However, a viral infection by itself is not a major
factor as long as the baby is lightly wrapped (46). In
heavily wrapped babies sleeping prone, however,
the presence of a viral infection greatly increases the
risk of SIDS (47).

The possibility of a delayed CNS-maturation (48)
and/or autonomic dysfunction must be considered
important co-factors as well (49).

We have to increase our knowledge of the activity
in the neuroimmune axis, in particular with regard to
the signal trafficking from the periphery to the CNS.
Further animal studies have been planned introduc-
ing interleukin-1f antagonist, other cytokines as
well as the microdialysis technique.
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