
these changes varied simply with loss of sleep. This,
however, did affect choice reaction time in which the
ability to maintain a constant level ofperformance over
blocks of trials was impaired. Wilkinson found the
same effects after deprivation of sleep, provided the
task exceeded five minutes; compensation was possible
in tasks of up to five minutes' duration.s The need to
sustain performance for longer than five minutes,
which also applied to our study, may have a bearing on
the results ofPoulton et al, who concluded from a study
of 30 junior doctors who had lost between three and
eight hours' sleep that the doctors could compensate on
the basis of tasks of less than five minutes' duration.
Though mood ratings do not have the same object-

ivity as the cognitive measures, the values obtained
here corroborate earlier results in which the same
mood schedule was examined in a study of the effects of
24 hours' deprivation of sleep in volunteers. In our
study the house officers showed significant deleterious
changes in all the mood scales after night duty.

Laboratory evidence of the adverse effects of night
duty may nevertheless underestimate their implications
for the ward environment and their consequences for
the doctor-patient relationship. As in previous studies
the length of testing, here a 35 minute session, was
necessarily curtailed to encourage cooperation with
testing. Even 'so, many doctors were unwilling to
participate. If the test sessions had been longer more
complex inaccuracies in performance and cognitive
functions may well have been manifested. The raised
scores on the confusion-bewilderment scale suggest
such a potential.

In conclusion the reduction in cognitive performance
combined with the adverse changes in mood show less
than desirable conditions for personal wellbeing and
the practice of medicine. Superimposed night duty
rosters may be a stress adversely affecting the welfare
of both the doctor and the patient.
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Lung immunoglobulins in the sudden infant death syndrome

Kevin D Forsyth, Sandy C Weeks, Lin Koh, John Skinner, John Bradley

Abstract
The incidence of the sudden infant death syndrome
parallels that of respiratory tract infections in
the paediatric community. On the basis that the
aetiology of the sudden infant death syndrome may
lie in an unusual response to a trivial intercurrent
respiratory infection a necropsy study was carried
out investigating pulmonary immunoglobulins in 16
victims of the syndrome and a series of infants
(controls) who had died of non-pulmonary causes.
Compared with the controls victims of the sudden
infant death syndrome had grossly raised concentra-
tions of IgG, IgM, and to a less extent IgA in lung
lavage samples. In addition, pulmonary interstitial
and terminal airway cells expressing these immuno-
globulins were identified far more often in victims
than controls. The study failed to determine whether
the increased immunoglobulin concentrations were
a consequence of an unusual response to a trivial
infection or an expression of otherwise altered
immunological control in the respiratory tract.

Epidemiological evidence and the findings of this
study suggest that the respiratory tract is the prime
target organ in the sudden infant death syndrome.

Introduction
The sudden infant death syndrome is the main cause

of mortality in the first year of life in developed
countries. Despite extensive efforts, no unifying
concept of pathophysiology can explain most cases.'
Analysis of epidemiological data shows that the syn-

drome is more common in colder climates during the
winter and that its incidence correlates with respiratory
tract infections, particularly rates of admission to
hospital for bronchiolitis.' A highly significant corre-
lation has been reported between the isolation of
respiratory viruses in the general paediatric popu-
lation and the incidence of the sudden infant death
syndrome. Often victims of the syndrome have an
upper respiratory tract infection in the week preceding
death,4 some 40-75% of victims having evidence of
mild upper respiratory tract infection with various
viruses. Hence an unusual response to a common viral
pathogen is epidemiologically possible. Analysis of the
immunological state of the lung may therefore help
to answer whether immunological dysregulation is
occurring in the sudden infant death syndrome.
The aim of this study was to measure concentrations

of immunoglobulins IgG, IgA, and IgM in lung lavage
samples from victims of the sudden infant death
syndrome and compare them with values in controls.
In addition, the presence of these immunoglobulins in
cells within lung sections collected at necropsy were
quantified and compared with controls.

Subjects and methods
All previously well infants who die suddenly

and unexpectedly (presumptive sudden infant death
syndrome) in South Australia come to necropsy at the
Adelaide Children's Hospital by direction of the state
coroner. We collected lung lavage samples and lung
tissue from 16 such cases (mean age of victims 3-8
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months, range 1-7). Using the same procedure we also
collected lung lavage samples from eight controls
(mean age 4-8 months, range 2-10) and lung tissue
from four controls (mean age 5 3 months, range 3-9).
The controls were previously well children who had
died of acute, non-pulmonary causes. They came to
necropsy because they had congenital abnormalities or
had died as a result of an accident. Accident victims
with pulmonary contusion were excluded. In all cases
specimens were collected 12 to 24 hours after the
presumed time of death. The results of cellular and
virological studies have been reported.6
Lung lavage fluid immunoglobulin concentrations-

Immunoglobulins IgG, IgA, and IgM were measured
by a sensitive competitive inhibition enzyme immuno-
assay., Briefly, polystyrene tubes were used as the solid
phase and coated with the appropriate pure immuno-
globulin (rabbit antihuman IgG, IgA, or IgM; DAKO,
Denmark). The lavage samples were diluted 50%
and added to the solid phase together with purified
antihuman IgG, IgA, or IgM coupled to horseradish
peroxidase. 5-Aminosalicylic acid was used as the
enzyme substrate and the absorbance measured at
474 nm. In this assay, as the amount of solid phase
immunoglobulin is limited, the amount of enzyme
bound is inversely proportional to the concentration
of immunoglobulin in the test sample. With this
assay IgG is detectable down to 2 5 ig/l, IgA down
to 4-2 [tg/l, and IgM down to 7-2 [tg/l. There is
undetectable cross reactivity among the immuno-
globulin classes with the exception of purified IgM,
which cross reacted at 1-9% with the IgG enzyme
immunoassay.7 For standardisation all results were
expressed as Ztg immunoglobulin/mg total protein
in the lavage sample. Total protein in mg/ml was
measured by the Lowry method.8

Immunostaining for lung immunoglobulins-Lung
tissue collected at necropsy was stored at -70°C.
Sections were cut on a cryostat and mounted on glass
slides. Endogenous peroxidase was blocked with
1 6% hydrogen peroxide in absolute methanol for 20
minutes. Fc receptors were blocked with normal horse
serum diluted 1/50 in isotonic saline for 20 minutes.
Antihuman IgG (HB-60) and antihuman IgM (HB-57)
were obtained from American Type Culture Col-
lection, Maryland, and used as neat supernatant. The
IgA monoclonal antibody (H- I 1) is reactive with
human IgA secretory component. It was supplied as
ascites and diluted 1/50 for use. The antibodies were
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FIG 1-Pulmonary lavage fluid concentrations of IgG (expressed as
ilg/mg total protein) in eight controls and 16 victims of sudden infant
death syndrome. Roughly halfof lavage fluid protein in sudden infant
death syndrome group was IgG

applied for two hours, followed by the secondary anti-
body (horse antimouse IgG-biotin conjugate) for 30
minutes. Avidin-Biotin complex (Vector Laboratories)
was applied for one hour and the complex developed
with 0-05% diaminobenzidine hydrochloride (Sigma
Chemicals) and 0-01% hydrogen peroxide for 10
minutes. Nuclei were counterstained with Mayers
progressive haematoxylin for 30 seconds. All incuba-
tion steps were performed at room temperature, with
the sections washed three times in TRIS hydrochloric
acid buffer 0 05 mol/l pH 7-6 between each step.
Positive cells on immunohistological staining were
identified by two observers through a double headed
Olympus microscope with a x 25 objective. On average
20 fields were studied per specimen. Results were
expressed as the total number of positive cells per field
divided by the number of fields studied and multiplied
by 100.
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FIG 2 -Pulmonary lavage fluid concentrations of IgM and IgA in
eight controls and 16 victims of sudden infant death syndrome. There
was significantly more of both immunoglobulins in victims of sudden
infant death syndrome than controls

Statistics-Results are expressed as the mean and
one standard deviation (I SD). As the immunoglobulin
results did not conform to a normal distribution, the
Mann-Whitney U test was used to compare values
between the sudden infant death syndrome and control
groups.

Results
Lung lavage samples-IgG was present in the lavage

samples of all subjects, with remarkably high values in
the sudden infant death syndrome group; just over half
the total protein in the lavage samples was IgG (fig 1).
The mean IgG concentration in the sudden infant
death syndrome group was 578 (216) ,ug/mg total
protein and in the controls 93 (22) rig/mg (p<0 005).
IgA and IgM concentrations were similar and quanti-
tatively much lower than the IgG concentrations. The
mean IgA concentration in the lavage fluid in the
sudden infant death syndrome group was 7 (2) rig/mg
total protein and in the controls 3 (3) rig/mg (p<0 005)
(fig 2). The mean IgM concentration in the sudden
infant death syndrome group was 8 (3) [tg/mg total
protein and in the controls 0-5 (0 4) rig/mg (p <0 005)
(fig 2). Protein concentrations in the lavage samples
were not significantly different between the two groups
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FIG 3-Numbers ofpositively stained (immunoglobulin bearing) cells per field per cent in frozen sections of
lung tissue in four controls and 16 victims ofsudden infant death syndrome. All three immunoglobulins were
expressed more often in sudden infant death syndrome group

(1-39 (0 6) g/l in the sudden infant death syndrome
group, 1 54 (I 1) g/l in the controls).
Lung immunohistory-Positive cellular staining for

immunoglobulins was evident in the terminal airways
and alveolar interstitium and was extensive in victims
of the sudden infant death syndrome (fig 3). The mean
numbers of IgG positive cells on immunohistological
staining expressed per field per cent were 151 (140) in
the sudden infant death syndrome group and 26 (16)
in the controls (p<0005). For the IgA secretory
component there were 119 (76) positive cells in the
sudden infant death syndrome group and 29 (33) in the
controls (p<005). Similarly, for IgM there were 176
(78) positive cells in the sudden infant death syndrome
group and 53 (14) in the controls (p<0005). At the
cellular level the staining pattern was diffuse, not
granular, and distributed throughout the cytoplasm,
not solely membrane staining. In general positive cells
were diffuse throughout the section, though in a few
sections in the sudden infant death syndrome group
there were clumps of IgA or IgG positive cells around
terminal airways. The staining suggested that they
were plasma cells.

Discussion
In this paper we have shown by two separate

methods (analysis of pulmonary lavage fluid and
pulmonary immunohistological staining) that there is a
difference in the amounts of immunoglobulin present
in the lungs of children who have died of the sudden
infant death syndrome compared with controls. The
concentration of IgG in lavage fluid was very high and
the number of pulmonary interstitial and terminal
airway plasma cells that expressed IgG was increased in
the sudden infant death syndrome. In addition, in
comparison with the controls over half the lavage fluid
protein was IgG, there was an increase in lavage fluid
and cellular IgM, and there was a smaller but signifi-
cant increase in the IgA secretory component. These
differences were apparent whether the lavage fluid
immunoglobulin concentration was expressed as Fg
immunoglobulin/mg total protein or mg immuno-
globulin/ml lavage fluid (data not shown).

In a recent study by our group of respiratory tract
immunoglobulins from ventilated neonates IgG was
found to be the predominant immunoglobulin.9 In this
series victims of the sudden infant death syndrome
were on average one month younger than the controls.
Data on lower respiratory tract immunoglobulin con-
centrations in normal children are not available.
Concentrations in the serum and lower respiratory
tract of intubated neonates, however, suggest a decline
in IgG values with increasing age and a slow increase in
IgA and IgM.9 These differences are not significant
over one month.

Previous work also by our group on lung lavage
cell phenotype in the sudden infant death syndrome
has shown a difference between victims of the syn-
drome and controls.6 The relevance of this difference
(lack of CD14A reactivity in the sudden infant death
syndrome group) is uncertain but it is compatible with
cellular activation (N Hogg (London), personal com-
munication).

There has been little work on pulmonary immune
mechanisms in the sudden infant death syndrome. A
study by Ogra et al in 1975 using a qualitative (radial
gel diffusion) rather than quantitative method showed
IgG and IgM to be present in lavage fluid in the sudden
infant death syndrome, but secretory component to be
absent in pulmonary tissue.'0 Ackermann et al, in
agreement with our findings, detected significantly
increased IgG expression in pulmonary tissue from
victims of the syndrome with a fluorescein labelled
sheep antihuman IgG antibody. " 12
Our studies suggest that there is altered immuno-

logical function in the sudden infant death syndrome.
There is alteration of cellular phenotypes and a gross
increase in IgG and IgM concentrations in lung lavage
fluid. The relevance of these changes is not clear.
Possibly an unrecognised respiratory pathogen is
stimulating high immunoglobulin concentrations in
the respiratory tract. More probably, however, a
dysregulation of immunoglobulin production stimu-
lated by a trivial infection might serve to "trigger" the
attack in an infant at risk by exposing antigens or
modulating the immune response.'3 It has been postu-
lated, for example, that the sudden infant death
syndrome may be a modified form of local anaphylaxis
occurring in the lungs, possibly mediated by IgG'4;
infection might produce or expose the appropriate
antigen for this type of reaction in susceptible children.
Though extravasation of IgG might be due to an

anaphylactoid type of reaction, this could not account
for the numbers of plasma cells seen in tissues where
they are rarely if ever present. This finding points to
local production of immunoglobulin. The evidence,
both epidemiological and from this study, suggests
that the respiratory tract is the prime target organ
in the sudden infant death syndrome. Further in-
vestigation of pulmonary immunological responses is
required.

This work was supported by the Sudden Infant Death
Research Foundation of South Australia. We are grateful to A
Hohmann, of Flinders Medical Centre, for the gift of IgA
monoclonal antibody (H-i 1).
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Serious eye injuries due to
war games

J F Acheson, M F P Griffiths, R J Cooling

"War games" are an outdoor activity combining
recreation, military style manoeuvres, and fantasy.
Combatants in the games fire gelatin pellets filled with
dye at each other from powerful air guns. War games'
weaponry developed from paint guns used by forestry
workers to mark trees for felling. These guns are
powered either by carbon dioxide cartridges or by
rounds detonated by percussion. Gas cartridge weapons
are not classified as firearms in the United Kingdom, in
contrast to rounds detonated by percussion. The
ammunition comprises pellets filled with paint, and the
guns are remarkably realistic, resembling revolvers,
semiautomatic handguns, rifles, or machine pistols.
Muzzle velocities of up to 134 m/s and energies of 10 J
are possible with rates of fire of 1200 rounds a minute.'
Combatants are issued with protective goggles, and
shots aimed at the head are prohibited.

Case reports
Although goggles should be worn and the head

avoided, during July 1987 to February 1988 we saw six
cases of serious ocular injury resulting from war games.
The table summarises these cases.

Comment
Serious injuries due to war games were first reported

in Canada in 1984.2 To our knowledge they have not
been reported in Britain, presumably because this new
pastime is not yet so popular in this country. Easter-
brook et al reviewed data collected by the eye safety
committee of the Canadian Society of Ophthalmology
and described 26 cases, including one of a ruptured
eye, which was eventually excised.2 They noted that
though eyeguards had been provided in all instances,

none were in use at the time of injury. Subsequently
two isolated cases were reported from the United
States4 '; in one goggles were being worn but did not
prevent hyphaema, vitreous haemorrhage, and a retinal
tear.5

Goggles were supplied to all our six patients; a
lens from one pair, however, dropped out spon-
taneously, and in three cases the goggles were removed
for extra comfort and visibility before injury. In the
remaining two patients who were wearing goggles both
injuries resulted from the plastic pellet dislocating
the lens from the frame and driving it on to the eye.
The toughened protective glasses and rubber rimmed
industrial goggles were inadequate, and single piece
polycarbonate eye protectors such as those recom-
mended for racket sports seem more suitable.
The injuries reported were of a blunt, non-penetrat-

ing type normally associated with fairly low kinetic
energies further dissipated by goggles, when worn.
Permanent visual loss, however, may result from these
games as the weapons have sufficient muzzle velocities
to cause penetration of the eye. Moreover, though the
retained subconjunctival dye in case 4 did not seem to
be toxic, blunt ocular injury carries considerable
morbidity. Emergency admission to hospital was re-
quired in three ofour six cases to treat raised intraocular
pressure and to minimise the risk of rebleeding
hyphaema. All six patients required prolonged follow
up to identify and treat delayed complications such as
secondary glaucoma, contusion cataract, recurrent
corneal erosion syndrome, retinal pigment epithelial
degeneration, and retinal detachment.

We gratefully acknowledge the help of Mr D Pryor,
Metropolitan police laboratory, firearms section.
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Details ofsix cases ofocular injury due to weapons used in war games

Emergency Initial
Case Age Wearing admission visual Final visual acuity
No (years) goggles to hospital acuity Presentation (months later)

1 16 No Yes Hand Corneal abrasion, hyphaema, contusion cataract, 6/12 (Six months; after
movements contusion of retina, and subsequent atrophy of extraction of cataract and

retinal pigment epithelium insertion of aphakic contact
lens)

2 35 Yes Yes 6/12 Conjunctival laceration, hyphaema, drainage angle
recession, rupture of iris sphincter, and contusion
of retina

3 28 Yes No 6/6 Hyphaema, corneal abrasion 6/6 (Two months)
4 38 No Yes 6/24 Conjunctival laceration, retained subconjunctival 6/12 (Three months)

vegetable dye, corneal abrasion, hyphaema,
rupture of iris sphincter, vitreous haemorrhage,
contusion of retina, atrophy of retinal pigment
epithelium

5 24 No No 6/5 Hyphaema, transient raised intraocular pressure, 6/6 (Three months)
vitreous haemorrhage, retinal tear (treated by
cryopexy)

6 19 No No 6/5 Hyphaema, drainage angle recession 6/5 (One month)
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