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A b s t r a c t  The nasal  cavi t ies  were examined  in 56 cases  
of  sudden infant death syndrome  (SIDS)  and 26 control  
cases and the fo l lowing  cri ter ia  were  compared:  inf lam- 
ma to ry  infi l t rat ion of  the nasal  mucosa  (SIDS 59% - con- 
trols 65%; P = 0.577), d iapedes is  of  in f l ammatory  cel ls  
(SIDS 38% - controls 42%; P = 0.678), epithelial  desqua- 
marion (SIDS 62% - controls 85%; P = 0.043); hyperemia  
(SIDS 66% - c o n t r o l s  65%; P = 0.951) and hypersecre-  
t ion of  the se romucous  glands  (SIDS 55% - controls  69%; 
P = 0.233). Only epithelial  desquamation was found signif- 
icantly more often in the controls  than in SIDS cases, but  
these alterations are unspecific and are influenced by the 
pos tmortem interval .  The  intensi ty of  rhinit is  was not  dif- 
ferent  be tween  the SIDS and control  groups.  The fre- 
quency of  rhinit is  is therefore  not  specif ic  for the sudden 
infant death syndrome,  and seems to be mere ly  a resul t  of  
the high inc idence  of  upper  respi ra tory  tract  infect ions in 
this age group. We speculate ,  however ,  that infect ions of  
the nose in conjunct ion  with  other factors,  such as prone 
posi t ion,  cover ing of  the head,  hyper thermia ,  parental  
smoking  and immatur i ty  of  the central  nervous  system, 
could  p lay  a role  in the pa thogenes is  of  the sudden infant 
death syndrome.  

K e y  words  SIDS • Infec t ion  • Rhinit is  • Upper  
respi ra tory  tract 

Introduction J.' 

A poss ib le  role  of  upper  respi ra tory  tract  infect ions in the 
e t io logy  of  the sudden infant death syndrome  has been 
d iscussed  for many  years  (Bowden  1950; Wi l ske  1984; 
Z ink  et al. 1987; Entrup and Br inkmann  1990). Mos t  of  
these studies focused  on the morpho logy  of  lower  respira-  
tory tract  and pu lmonary  infections.  Examina t ion  of  the 
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nose and pharynx  was only inc luded in studies by  Al thof f  
(1977, 1986). Because  Al tho f f ' s  invest igat ions  d id  not  in- 
c lude any or included only  a few control  cases, we used 
the method  descr ibed  by  Gr~iff (1932, 1934) and Al thof f  
(1977, 1986) to examine  the nasal  cavi t ies  in cases of  sud- 
den infant death syndrome and control  cases. 

Materials and methods 

Thorough postmortem examinations were performed at the De- 
partment of Legal Medicine of the Hannover Medical School on 
56 cases of sudden infant death syndrome (22 female, 34 male) 
and 26 controls, aged between 7 and 365 days. The average age in 
the SIDS group was 124 days, in the control group 163 days. Of 
the SIDS victims, 78.6% died during the first 6 months of life and 
55.4% between the 2nd and 4th months. The autopsy included mi- 
crobiological and immunological testing. The definition of sudden 
infant death syndrome used was that of Beckwith (1970), and 
slight illnesses such as mild infection of the upper respiratory tract, 
isolated middle ear infections, and positive bacteriological or viro- 
logical results unanccompanied by morphological findings were 

Fig. 1 View of the skull base and section line (modified after A1- 
thoff 1977) 
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Fig.2 Parafrontal section through the nose 

Fig.3 A Overall view, B detail, of nasal mucosa: focal inflamma- 
tory cellular infiltration showing migration through the epithelium, 
hypersecretion. Hemalaun-eosin stain 

Fig.4 Nasal mucosa: diffuse mononuclear infiltration, migration 
through the epithelium, hyperemia. Hemalaun-eosin stain 

Fig. 5 Nasal mucosa: diffuse necrotizing rhinitis. Hemalaun-eosin 
stain 
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not considered to have been the cause of death. The control group 
encompassed 15 infants (7 female, 8 mate) with traumatic causes 
of death, e.g. craniocerebral injuries (n = 1), CO poisoning (n= 1), 
suffocation or strangulation (n = 11), drowning (n = 1), blunt 
trauma injuries (n = 1) and 11 (6 female, 5 male) with natural 
causes of death, e.g. pneumonia (n = 4), enteritis (n = 1), en- 
cephalitis (n = 1), and congenital malformations (n = 2). All chil- 
dren with traumatic causes of death died shortly after the trauma, 
and none received medical care in hospital. 

At autopsy an oscillating saw with a long, thin blade was used 
to remove blocks from the anterior base of the skull (Fig. 1). The 
nose blocks prepared by this procedure were decalcified using A1- 
thoff's method (personal communication). The blocks were incu- 
bated in 8% formic acid for 24 h and 20% formic acid for 3 x 1 h 
and parafrontal sections were made (Fig. 2). Hemalaun eosin (HE), 
Masson-Goldner, Giesons's elastica and PAS were used as stains 
and 2 examiners studied the specimens. For comparison of the fre- 
quencies, the variables were analyzed by the Chi-square test; the 
age distribution was verified by analysis of variance. 

Results 

The fo l lowing  h i s tomorpho log ica l  cr i ter ia  were  evalu-  
ated: in f l ammatory  inf i l t rat ion o f  the nasal  mucosa ,  ep- 
i thelial  desquamat ion ,  hyperemia ,  d iapedes is  of  inf lam- 
matory cells and hypersecret ion of  the seromucous glands. 
Only epithelial  desquamation differed significantly between 
the two groups  (Table 2). The cri ter ia  epi thel ia l  desqua-  
mat ion  and hype remia  were further dif ferent ia ted with r e -  

Table 1 Age distribution among SIDS cases and controls (analy- 
sis of variance: P = 0.156) 

Age in days SIDS Traumatic Natural Total 
death death controls 

n = 5 6  n = 1 5  n =  11 n = 2 6  

7-  90 22 3 3 6 
91-180 22 6 4 10 

181-270 9 4 2 6 
271-365 3 2 2 4 
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spec t  to  in tens i ty  (Tables 3 and 4). For  a comprehens ive  
evaluat ion  of  the in f lammatory  changes of  the nasal  mu-  
cosa,  the c lass i f icat ion according to Al thof f  (1977) given 
in Table 5 was chosen  (Fig. 3-5) .  There  were  no signifi-  
cant  differences in f requency of  in f l ammatory  changes  
be tween  SIDS cases and the controls.  

Discussion 

A connect ion be tween  the pa thogenes is  of  the sudden in- 
fant death syndrome  and infect ions of  the respi ra tory  tract  
has been  pos tu la ted  for a long t ime. A n  increased inci-  
dence of  the sudden infant death syndrome during the cold 
winter  months  has been  observed  wor ld -wide  and the in- 
creased frequency of  infections during these months makes 
a correla t ion of  the two seem especia l ly  likely. Some au- 
thors have repor ted  an associa t ion  with viral  ep idemics  
(Marshal l  1972; Nelson  et al. 1975; Bonser  et al. 1978). 
These  f indings were ques t ioned by  other groups (e.g. Fo rd  
et al. 1990). In Southern Austral ia ,  a c o m m o n  f requency 
peak  of  sudden infant death syndrome  and hospi ta l  admis-  
sions o f  chi ldren due to bronchiol i t i s  was observed  be- 
tween 1975 and 1981 (Beal  1986). A mi ld  infect ion of  the 
upper  respi ra tory  tract was often found to precede  sudden 
infant death syndrome  (Hoffmann et al. 1988). In 3 0 - 8 5 %  
of  the cases, h is to logica l  p roof  of  mi ld  infect ion o f  the 
respiratory tract was found, and less commonly  of  the mid- 
dle ear, gastrointestinal tract or other organs (Wilske 1984; 
Entrnp and Br inkmann  1990; Berry  1992). 

Morpho log ica l  studies pe r fo rmed  so far have not  in- 
c luded analysis  of  the nasopharynx,  even though this re- 
gion p lays  an impor tant  part  in the pa tho log ica l  mecha-  
nism espec ia l ly  in this age group. The only study which  is 
comparab le  to ours is one by Al thof f  (1986), which  in- 
cludes a sys temat ic  examina t ion  of  the nose and pharynx  
in 324 cases o f  sudden infant death syndrome  and 6 con- 
trol cases in the same age group. In the sudden infant 
death syndrome  cases, he found normal  results in 28% (89 
cases),  while  35% (113 cases) demons t ra ted  focal  and lo- 

Table 2 Comparison of re- 
sults according to histomor- 
phological criteria in the SIDS 
and the control groups 

SIDS Traumatic Natural Total Chi-square 
death death controls test 

n = 56 n = 15 n = 11 n = 26 

Inflammatory infiltration of 59% 73% 55% 65% 
the nasal mucosa 
Diapedesis of inflammatory cells 38% 40% 46% 42% 
Epithelial desquamation 62% 87% 82% 85% 
Hyperemia of small nasal vessels 66% 73% 55% 65% 
Hypersecretion of seromucous glands 55% 67% 73% 69% 

P = 0.577 

P = 0.678 
P = 0.043 
P = 0.951 
P = 0.233 

Table 3 Epithelial desquama- 
tion in the SIDS and control 
cases according to severity 

SIDS Trauma- Natural Total 
tic death death controls 

n = 5 6  n=15  n = l l  n = 2 6  

Without epithelial detachment 37% 13% 18% 15% 
Epithelial detachment up to one third of the nasal section 41% 53% 46% 50% 
Epithelial detachment up to two thirds of the nasal section 17% 33% 36% 35% 
Complete epithelial detachment 5% 0% 0% 0% 
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Table 4 Hyperemia in SIDS and control cases according to sever- 
ity 

SIDS Trauma- Natural Total 
tic death death controls 

n = 5 6  n = 1 5  n = l l  n = 2 6  

Without hyperemia 34% 27% 36% 31% 
Strong hyperemia 32% 27% 27% 30% 
Massive hyperemia 34% 47% 36% 42% 

Table 5 Inflammatory changes in SIDS and controls according to 
severity 

SIDS Trauma- Natural Total 
tic death death controls 

n = 5 6  n=15  n = l l  n = 2 6  

Normal findings; 41% 27% 46% 35% 
only slight hyperemia 

Mild focal rhinitis with 46% 53% 36% 46% 
inflammatory infiltration 
and without significant 
epithelial involvement 

Acute diffuse rhinitis with 11% 20% 18% 19% 
epithelial desquamation 
and dissociation, diape- 
desis of lymphomonocytic 
inflammatory cells, 
mucous gland hyper- 
secretion, hyperemia 

Acute necrotizing rhinitis 2% 0% 0% 0% 
with complete round cell 
infiltration of the mucosa, 
complete epithelial loss, 
massive hyperemia 
with hemorrhages 

ca l ized  changes,  33% (108 cases)  revea led  diffuse and 4% 
(14 cases)  necrot iz ing rh inopharyngi t i s .  As  a compar ison ,  
he inc luded 6 control  cases with acute unnatural  causes  o f  
death (e.g., CO intoxicat ion,  t rauma to the central  nervous  
system, external choking).  In these cases, 4 infants showed 
normal  f indings  and 2 revea led  mi ld  focal  rh inopharyngi -  
tis. Diffuse  or necro t iz ing  in f l ammatory  changes  were not  
obse rved  in these control  cases. 

In our study, 59% of  the sudden infant death  syndrome  
cases  demons t ra ted  rhinit is ,  which  correlates  with reports  
in the l i terature of  the f requency o f  respi ra tory  infect ions 
in the sudden infant death syndrome.  However ,  a lmost  the 
same f requency  o f  infect ions was not iced  in the control  
cases.  These  f indings  therefore  conf i rm the f requency of  
infect ions as a c o m m o n  observa t ion  in this age group. We 
speculate ,  however ,  that infect ions o f  the nose combined  
with other  factors could  p lay  a role  in the sudden infant 
death  syndrome.  Since  infants are obl igate  nose breathers  
and learn brea th ing through the mouth  during the 1st year  
of  life, even  smal l  infect ions of  the nose can cause  ob- 
struction of  the airway. A coinc identa l  presence  o f  other  
factors that increase  the r isk  of  sudden  infant death  syn- 
drome, such as the prone and/or face-down posi t ion (Sater- 
nus 1985; F l eming  et al. 1990; Jorch et al. 1991; Sch~ifer 
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et al. 1991; Mi tchel  et al. 1992), cover ing of  the head  and 
soft bedd ing  ( K e m p  and Thach 1991, 1993), hyper the rmia  
(Gilbert et al. 1992; Ponsonby et al. 1993, Jorch et al. 1994), 
parenta l  smoking  or smoking  during pregnancy  (Poets et 
al. 1995) and ind iv idua l  disposit ion including variable com- 
pe tence  of  ce l lu lar  and humora l  immunolog ica l  react ions 
in these infants can resul t  in an ind iv idua l ly  var ied  reac- 
t ion to a respi ra tory  tract  infection.  
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