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time to improve their interior energy absorption characteristics
are likely to have to be devised.

(3) Since there is evidence that posterior dislocations of the
hip can occur in the restrained car occupant (three cases were
seen out of the 39 knee-impact hip injuries, in each of which
the seat belt was being worn correctly and did not break, nor
did the anchorage give way), it would seem prudent to accept
that the energy absorption characteristics of the facia panel are
important even when seat belts are used. It has been estab-
lished (Lister and Neilson, 1966) that the wearing of diagonal
or lap and diagonal seat belts can reduce the serious injury rate
of car occupants by rather more than half. However, with car
design as it is at present the degree of protection offered to the
lower limbs is probably less than that offered, for example, to
the head (Lister and Neilson, 1966 ; Grime, 1968, Grattan and
Hobbs, 1968).

Our thanks are due to Mr. C. M. Squire, senior orthopaedic
consultant surgeon, Battle Hospital, Reading, and to Mr. G. P.
Arden, senior orthopaedic consultant surgeon, Windsor Group of
Hospitals, for their assistance in the preparation of this paper;
to Dr. H. J. Starks, of the Road Research Laboratory, for his
advice ; and to Mr. J. C. Scott, director of accident services, United

Oxford Hospitals, Radcliffe Infirmary, Oxford, Mr. F. A. Simmonds,
senior orthopaedic consultant surgeon, Royal Surrey Hospital,
Guildford, Mr. Graham Apley, senior orthopaedic consultant
surgeon, St. Peter's Hospital, Chertsey, and to Mr. J. B. Scott
and Mr. P. J. Chesterman, consultant orthopaedic surgeons, Battle
Hospital, Reading, for their courtesy in allowing patients to be
examined on their wards. We also wish to thank Mr. W. Heath,
of the Road Research Laboratory's photographic section, for the
care with which the photographs of car interiors have been taken.

This article is contributed by permission of the Director of Road
Research. Crown copyright. Reproduction by permission of the
Controller of H.M. Stationery Office.
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Bronchopneumonia with Serious Sequelae in Children with Evidence
of Adenovirus Type 21 Infection
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Summary: Twenty-five cases of severe pneumonitis
occurring among children aged 3 to 18 months were

observed in Auckland, New Zealand, in 1965. An
apparent relationship was established between a uniform
disease picture and recovery of adenovirus type 21. Two
died, and of the survivors 60% had permanent lung
damage, probably resulting from obliterative bronchiolitis.
Twenty per cent. were left with proved bronchiectasis.
The possible relationships of adenovirus pneumonia to
malnutrition or a genetic factor on the one hand and to
the development of bronchiectasis on the other are
discussed.

Introduction

Few reports in the world literature have so far linked adeno-
virus type 21 with severe lung disease (van der Veen and
Dijkman, 1962 ; Clarke et al., 1964). Types 7 and 3 have been
found in several epidemics or in isolated cases of severe pneu-
monia in young children (Chany et al., 1958; Kawai, 1959;
Hsiung, 1963 ; Benyesh-Melnick and Rosenberg, 1964; Wright
et al., 1964 ; Becroft, 1967). The clinical features and patho-
logical changes so far described may have left doubt regarding

an exact causal relationship between virus and disease (Maisel
et al., 1962).
The present series of 25 cases provides clinical and radio-

logical evidence of pneumonia in which adenovirus type 21
may have had aetiological significance. A notable feature of
this series is the high incidence of sequelae, 60% of survivors
having residual lung damage.

Material

Twenty-five children ranging from 3 to 18 months of age
were studied: 18 (72%) were males and 7 (28%) females.
They were admitted to the Princess Mary Hospital for Children
and the Infectious Diseases Unit, Auckland Hospital, during
June to November 1965.

Table I gives the racial distribution. There is a striking
preponderance of Polynesians-that is, both New Zealand born
Maoris and immigrants from the Polynesian Islands lying to
the north of New Zealand. In a city inhabited by 90%

TABLE I.-Racial Distribution

No.o f~~~%in Auckland
Race fCases o PopulationCases ~~Series 0-4 Years

Islanders .. 10 40 5 6
Maoris .. .. 13 52 12-9
Europeans .. 2 8 80 6
Others . .. - - 0 9

* Senior Physician, Infectious Diseases Unit.
t Visiting Physician, Infectious Diseases Unit.
f Scientific Officer, Microbiology Department, Central Laboratory.
S Virologist, Microbiology Department, Central Laboratory.
Auckland Public Hospital, Auckland, New Zealand.
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Bronchopneumonia in Children-Lang et al.

Europeans (80% in the 0-4 age group) just over 90% of our
cases came from families of Polynesian stock.

Methods

Pharyngeal secretions were obtained on the day of admission
by swabbing the posterior pharyngeal wall with a cotton swab,
which was then broken off into 2 ml. of veal infusion broth.
Specimens were held at 5' C. in transit to the virus laboratory,
where after vigorous mechanical agitation and removal of the
swab they were centrifuged for 10 minutes at 3,000 r.p.m. and
50 C. Additional pharyngeal swabs were obtained and inocu-
lated routinely on to bacteriological culture media.

Virus isolation procedures over the period in question were
restricted to inoculation of HEp2 tube cultures. HEp2 cells
were grown in Eagle's basal medium containing 8% heated calf
serum, sodium bicarbonate at 88 mg./100 ml., and penicillin
(100 units/ml.) and streptomycin (100 tkg./ml.). Tubes were
incubated at 36° C. in sloping racks until confluent monolayers
were obtained. They were then inoculated with 0.2-ml. volumes
of clinical specimens and rolled at 36' C. for 24 hours; the
medium was then renewed and incubation continued for vari-
able periods up to 14 days, at which time "negative" cultures
were subjected to blind passage. Daily microscopical examina-
tion after an initial three to four days' incubation permitted
recognition of characteristic adenovirus-type cytopathogenic
effects in a number of cases. Passage material and virus isolates
were stored at minus 300 C.
Adenovirus isolates were identified in tissue culture neutral-

ization tests based on the method of Grayston et al. (1956).
Rabbit antisera were prepared according to Rowe et al. (1955)

against adenovirus isolates that were not neutralized by anti-
sera of types 1-7, and against adenovirus type 21 (kindly pro-
vided by Dr. M. S. Pereira, of the Virus Reference Laboratory,
P.H.L.S., Colindale Avenue, London N.W.9, England).

Sera were obtained from most patients within 48 hours of
admission and at variable times in the course of illness there-
after.

Complement-fixation tests were made by the technique of
Bradstreet and Taylor (1962) on W.H.O. plastic plates using
0.1-ml. unit volumes. In all cases fixation was carried out at
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50 C. overnight, and three HC'50 units of complement were
used. A full range of serum, antigen, and complement con-
trols was run with each batch of tests.

Adenovirus complement-fixing antigen was prepared in
HEp2 cell cultures with type 7 adenovirus, and cultures were
harvested when cytopathic effects were almost complete. Fol-
lowing a single freeze-thaw cycle the cells and medium were
subjected to low-speed centrifugation, and the supernatant
therefrom comprised the soluble adenovirus antigen.

Parainfluenza and respiratory syncytial complement-fixing
antigens were prepared in primary human embryo kidney
cultures maintained in medium 199 supplemented by 0.2%
bovine albumin and harvested when cytopathic effects were
advanced. Uncentrifuged frozen-thawed culture fluids, after
being checked for specificity, constituted the antigens ; they
were titrated, ampouled, and stored at minus 960 C. in a Revco
freezer until used.

Results
Adenovirus isolations were made from pharyngeal secretions

of 21 children and also from fluid obtained by lung puncture in
two of these cases. All adenovirus isolates were serologically
identified as type 21 by tissue culture neutralization tests.
No isolations of respiratory syncytial virus were made,

though the HEp2 cell line used has previously and subsequently
enabled isolation of respiratory syncytial virus under conditions
identical to those employed here ; nor were rising complement-
fixing antibody titres against respiratory syncytial virus detected
even relatively late in convalescence.

In Cases 1-6, as well as isolation of adenovirus type 21, rising
high titre of complement-fixing antibody against adenovirus
soluble antigen was also shown, concurrently with the acute
clinical illness. Significant adenovirus complement-fixing anti-
body rise was also detected in cases 9-12 (Table II), in which no
virus isolation was made. Several extremely high complement-
fixing antibody titres (up to 1:16,384) were the subject of re-
peated careful checking in batches of tests that included up to
six negative sera as controls. Five cases (Nos. 1, 2, 3, 11, and
12) showed significantly increased titres of complement-fixing

TABLE II.-Virus Isolates, Serological Findings, and Bacte) iology

Adeno- Time
virus Complement-fixing Antibodies Complement-fixing Antibodies between

Case Age Type 21 (Reciprocals of Dilutions) (Reciprocals of Dilutions) Bacterial Onset of
No. in from Acute Serum Convalescent Serum Throat Swabs on Illness andMonths Throat Admission Admission

Swab on to Hospital
Admission Adeno| R.S. P1 P2 P3 Adeno R.S. P1 P2 P3 in Days

1 10 + < 16 < 16 < 8 < 8 < 16 512 < 16 < 8 < 8 128 No pathogens 8
2 12 + < 16 < 16 < 8 < 8 < 16 512 < 16 8 8 32 ,, ,, 4
3 8 + < 16 < 16 < 8 < 8 < 16 512 < 16 8 8 32 ,, ,, 10
4 6 + 16 < 16 64 < 8 > 64 64 < 16 64 < 8 64 Staph. aureus, coagulase+,

penicillin-sensitive 14
5 6 + 16 < 16 < 8 < 8 < 16 8,192 - - - - No pathogens 6
6 6 + <16 - - - - 64 <16 <8 16 64 Staph.aureus,coagulase+, 21

penicillin-sensitive
7 18 +- 16 64 <8 <8 < 16 - - - - No pathogens* 3
8 8 +t 16 < 16 <8 <8 < 16 32 - - - - Staph. aureus, coagulase +, 3

penicillin-sensitive
9 12 - > 16 > 16 8 8 > 16 512 8 8 8 16 No pathogens 5
10 11 - 128 < 16 < 8 < 8 < 16 512 < 16 < 8 < 8 < 16 ,, ,, 2
11 14 - 16 < 16 8 <8 < 16 512 < 16 128 < 8 32 ,, ,, 21
12 12 - < 16 < 16 < 8 64 < 16 128 < 16 16 8 64 ', ,, 28
13 3 + 16 < 16 < 8 <8 < 16 _ - - - - ,, ,, * 6
14 12 +t > 16 < 16 < 8 < 8 < 16 - < 16 - _ _ , , 5
15 8 + < 16 - - - 128 < 16 < 8 < 8 128 ,, ,, 1
16 11 + _ _ _ - - 4,096 > 16 < 8 < 8 >256 ,, ,, 9
17 12 + - < 16 _ _ 16,384 < 16 < 8 <8 > 256 D. pneumonzae 7
18 8 + _- - - Str. haemolyticus group A 28
19 9 + _- - No pathogens 10
20 4 + <16 <16 <8 <16 < 16 - - H. influenzae 7
21 7 + =- - - - - No pathogens 7
22 12 + - - - -- - - - , ,,1 14
23 3 + - - - - - - - - _ - Staph. aureus, coagulase+, 5

penicillin-sensitive
24 5 + - - - _ - _ - - _ - A. aerogenes 2
25 5 + < 16 < 16 8 <8 < 16 - _- - - Str. viridans and Staph. aureus 5

coagulase +,penicillin-sensitive

R.S. = Respiratory syncytial virus. PI, P2, P3= Parainfluenza viruses 1, 2, and 3 respectively.
0 Tracheal aspirate. t Adenovirus type 21 also isolated from lung puncture. * Adenovirus type 21 also isolated from rectal swab.
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Bronchopneumonia in Children-Lang et al.

antibody against parainfluenza type 3 and a single case (No. 11)
showed antibody rise against parainfluenza type 1.
The scheme of starting dilutions for complement-fixing anti-

body titration had been used routinely by this laboratory for
several years before 1965, and has been found satisfactory for
detection of significant antibody rises, convalescent infant sera

having been routinely used in box titrations to determine the
antigen concentrations required for greatest sensitivity. Myco-
plasma isolation and serology were not available at the time
of this study.

Examination of throat swabs taken on admission showed no

pathogens in 16. In the remaining nine, Staphylococcus aureus,

coagulase-positive penicillin-sensitive, was isolated in five, and
Haemophilus influenzae, Streptococcus haemolyticus (group A),
Diplococcus pneumoniae, Aerobacter aerogenes, and Str.
viridans were each found in one instance.

Table III summarizes the outcome: 60% of patients had
evidence of residual lung damage, 20% had bronchiectasis, and
two patients died.

TABLE III.-Outcome in 25 Cases
Recovered ..
Bronchiectasis
Other residual lung changes
Died

8 (32%)
5 (20%)
10 (40%)
2 (8%)

Clinical Features

Table IV summarizes the early signs and symptoms. Typical
of most was a history before admission of several days of per-
sistent cough and fever, neither having responded to antibiotics.
Examination revealed moderate to severe dyspnoea, scattered
moist sounds on auscultation, and wheezing. Obvious clinical
signs of pneumonic consolidation were more often than not
absent. Wheezing was particularly prominent, being both
inspiratory and expiratory and unrelieved by antispasmodics.
It was interpreted as evidence of obstructive lung disease, and
occurred with or without an excess of secretions.

TABLE IV.-Early Signs and Symptoms in the 25 Cases
Cough . 25 Diarrhoea and/or vomiting 19 Meningism ..
Moist sounds 25 Dyspnoea .. .. 16 Right heart failure
Fever .. 22 Anaemia* .. .. 16 Cyanosis
Wheeze .. 19 Otitis media .. 9 Rash ..

* Haemoglobin less than 10 g./100 ml. and a microcytic hypochromic film.

6
5
4
4

The infants were obviously ill, many having non-specific
symptoms such as diarrhoea and/or vomiting, anorexia, de-
hydration, and irritability. Temperatures ranged from 38 to
40° C., and usually there was some pyrexia for three to seven
days after admission. Four were cyanosed at some time during
the first week of observation. During the acute phase of those
worst affected, right heart failure occurred (five cases), mani-
fested by enlargement of the liver, distension of neck veins,
cyanosis on coughing, oedema, atrial fibrillation (one case), an

electrocardiographic pattern of right heart strain, and radio-
logical enlargement of the right ventricle.

Malnutrition was a feature of the series. Sixteen had iron-
deficiency anaemia as evidenced by haemoglobin values of less
than 10 g./100 ml., and microcytic hypochromic blood pictures.
Thirteen were below the 25th percentile in weight. In only
nine did anaemia and low weight coexist. This is discussed
below. One child had frank rickets. Rubella-like rashes were

seen or reported to have occurred in four cases. These rashes
were fleeting and mild, lasting only about 24 hours, and were

unaccompanied by conjunctivitis. Upper respiratory signs,
apart from otitis media in nine, were minimal.
Meningism without abnormality of the cerebrospinal fluid

was seen in six cases. Fits occurred in three. These were

thought to be febrile convulsions in two, aggravated by anoxia
in one. In a third there was a temporary right hemiplegia,
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possibly associated with cerebral venous thrombosis in a severely
dehydrated child. Heaf or Mantoux tests were negative in all
25 cases.

A characteristic of the more severe cases was a waxing and
waning of the severity of illness over periods of up to several
weeks. In the later stages of some, exacerbations of illness may
have been attributable to secondary bacterial infection. How-
ever, repeated throat swabs and tracheal aspirates gave no evi-
dence of consistent significant infection with any particular
pathogens.

Staph. aureus, coagulase-positive, was isolated briefly from
a few cases in numbers reported on as forming "a few
colonies." More frequent isolates were made of Str. viridans
and non-haemolytic streptococci. An occasional pneumo-
coccus, pseudomonas, H. infiuenzae, and Staph. aureus,
coagulase-negative, were found. Most commonly the flora
consisted of Neisseria catarrhalis, paracolon bacilli, and
Escherichia and Klebsiella species.
No fewer than 12 patients were readmitted after apparent

partial or complete recovery from their initial illnesses.

Treatment

Benzylpenicillin, cloxacillin, and ampicillin were given in
most cases. Tetracyclines were used separately in several. No
benefit was observed from any of these antibiotics. The same

can be said in general for antispasmodics such as isoprenaline
and aminophylline. Fluid replacement orally or intravenously,
humidification of air, suctioning via endotracheal tubes, oxygen,
and physiotherapy were the principal means of treatment.
Humidification was achieved mainly by plastic cone and East
humidifier. Several cases required treatment in the near-by
acute respiratory unit, where they received assisted ventilation
with intermittent positive pressure after curarization together
with cooling to 320 C. if cerebral oedema was suspected. Moni-
toring of blood gases, fluids, and electrolytes at frequent
intervals was routine for the most severe cases.

The same principles were followed in the management of
exacerbations. Where prolonged antibiotic therapy was used
the endeavour was made to restrict it to the narrow-spectrum
drugs benzylpenicillin and cloxacillin in an attempt to avoid
superinfection with Gram-negative organisms and yeasts.
The impression was gained that useful prophylaxis was

achieved by the above physical and chemotherapeutic measures,
but that the underlying pathological condition was not bacterial
in origin and therefore not affected.

Radiological and Pathological Findings
The radiological findings are illustrated in more detail by the

case presented below. In summary, they consisted of bron-
chial, peribronchial, and interstitial inflammatory changes
going on to areas of patchy bronchopneumonia with collapse-
consolidation of larger or smaller portions of lung. In keeping
with the clinical picture, radiological changes were seen to wax
and wane over many days or weeks. Pleural reactions with
fluid were minor features in the first month in two cases.
Mediastinal lymphadenopathy appeared to be marked in two
cases several weeks after their admission. Residual fibrosis
with crowding of bronchi was diagnosed in 10 (40%) of the
cases. Three had permanent massive collapse of a lung. Air
bronchograms were common. Bronchiectasis as shown by
contrast medium was present in five and seen at necropsy in

another.
The pathological findings will be reported separately

(Becroft, 1968). From the cases coming to necropsy no early
pathological specimens were available. The most striking
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Bronchopneumonia in Children-Lang et al.

feature of the material obtained in the later stage was an

obliterative bronchiolitis. Bronchiectasis, where this developed,
seemed to be secondary to the primary bronchiolar lesions.

The following case is typical of many in which the patient
survived. Those who died will be reported on separately
(Becroft, 1968).

Case 2

This year-old Island boy came to hospital with a history of

" measles " four days before admission but no sign of a fading

rash. His temperature was 40' C. He was dehydrated and

dyspnoeic, with a respiratory rate of 65 per minute. Widespread

moist sounds were heard in his chest. Haemoglobin, white cell.

and differential counts, and electrophoresis of serum proteins were

normal. A throat swab showed no bacterial pathogens.

A chest x-ray film on admission (Fig. 1) showed abnormal density

in the right mid and lower zones, with increased lung markings

BmTSH
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Twelve days later he was readmitted with signs of collapse-
consolidation of the right lung (Fig. 2), an enlarged liver, and
dyspnoea. He was afebrile and remained so. There was no

leucocytosis, and a throat swab grew only Str. viridans and
N. catarrhalis. After a further 12 days he was clinically but not

radiologically much improved. He was no longer dyspnoeic, and
his liver had returned to a normal size. Little change then
occurred over the next month, after which he was discharged to be

followed up as an outpatient.
Eleven weeks from the onset of his illness he was readmitted

for a bronchogram (Fig. 3). This showed moderate bronchiectatic
changes in all segments of the right lung, and minor bronchial

dilatation of the apical segments of the left lower lobe.

FIG. 3.-Case 2. Bronchogram 11 weeks after onset of
illness, showing no major bronchial occlusions but bronchi-

ectatic changes throughout right lung.

FIG. .--Case 2. Bronchopneumonic consolidation and
interstitial inflammatory changes on admission.

towards the right base and left upper zone. The right upper zone

had the appearance of a clearing bronchopneumonic consolidation.
Elsewhere there were interstitial inflammatory changes.

There was no obvious response to cloxacillin or ampicillin, though
the child gradually improved over a period of 20 days. At this
time hei was allowed home. His chest x-ray picture was almost
clear.

FIG. 2.Case 2. Deterioration with partial collapse-
consolidation of right lung on readmission 32 days after

first admission.

FIG. 4.Case 2. Eighteen months from beginning o1
illness. The right lung is completely collapsed.

Fifteenimonths later a plain film (Fig. 4) showed further collapse
of the right lung with displacement of the heart and mediastinum

and herniation of the left lung to the right.
This case shows features common to most-namely, patchy areas

of bronchopneumonia appearing, partially clearing, and reappearing
throughout both lungs. In the early stages improvement was so

marked that the child was allowed home, only to return with a

76 11 January 1969

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.1.5636.73 on 11 January 1969. D
ow

nloaded from
 

http://www.bmj.com/


11 January 1969 Bronchopneumonia in Children-Lang et al. BRmSs 77
MEDICAL JOURNAL

relapse ending in collapse of the right lung and bilateral bronchiec-
tasis. His physical development has remained retarded, and he has
a chronic cough and wheeze and a tendency to repeated chest
infections.

Follow-up Studies

The outcome in this group of children has already been
noted (Table III). Follow-up was not always possible, as some

parents failed to report back with their children. Similarly,
premature discharge from hospital was the case with several
infants, their Polynesian parents insisting on taking their
children home. Except for one child, all survivors were seen

one month or more after discharge. Ten were seen at intervals
for more than six months. The longest follow-up period to

date is three years and six months.
Chronic cough, repeated chest infections, and wheezing were

the main sequelae in 14 of the 23 survivors. A further child
suffered from " asthma." Eight made apparently complete
recoveries. Those most severely affected were physically
retarded and dyspnoeic on exertion. Dyspnoea appeared to be
pulmonary in origin. Recovery from right heart failure was

complete where death did not occur.

Five developed bronchiectasis-four widespread and in-
operable (Fig. 5) and one localized (operation refused). One
without bronchiectasis had a lobectomy. This was performed
at another hospital, and the resected portion of the lung showed
gross destruction and fibrosis. Unfortunately it was not

retained for histological or virological study.

FIG. 5.-Casc 9. Bronchogram showing bronchiectasis in
right lower lobe and posterior segment of right upper lobe.

Epidemiology
Table V shows the distribution of cases over the winter

months of 1965. Beginning in June, the cases rose to a peak
in August and ended with one case admitted on 1 November.

TABLE V.-Case Rate by Months

Month (1965) June July August September October November
No. of cases 2 5 11 6 1

It is of interest that during this period no adenoviruses other
than type 21 were isolated in Auckland. Types 1, 2, 3, 7, and
12 were grown at various times during the months of January
to May and again in December 1965.

Owing to the retrospective nature of this study a control
group free from respiratory infection was not obtained. During
the period under study 39 Polynesian children of comparable
age with respiratory illnesses not resembling those in our
series had throat swabs examined for adenoviruses and some
serology performed. No adenoviruses were grown. Twelve
of these children had paired sera, none of which showed a rise
in titre of complement-fixing antibody to adenovirus. Eleven
had positive complement-fixation titres in the range 1:16 to
1: 32. These 39 children did not include 18 who in fact had
illnesses resembling those in our series but who had inadequate
virological study to qualify them for admission. Of these 18
six had complement-fixation titres to adenovirus ranging from
1:64 to 1: 2,048.

Also in the same period sera were examined from 213 other
children aged up to 10 years-Europeans and Polynesians-
admitted to the same wards as those in our series with a variety
of infectious and non-infectious conditions: 161 showed no
complement-fixing antibodies to adenovirus and 52 had titres
ranging from 1: 16 to 1: 4,096. It is not known what adeno-
viruses these children had encountered nor when they had
acquired antibody.
A few children in the series were nursed initially in cubicles,

but the majority were in small rooms containing two to six
children. Later some were transferred to larger open wards.
On virological as well as clinical grounds none of the series
seems to have acquired adenovirus infection in hospital. The
onset of illness in 18 suspects not included in the series indi-
cated strongly that they too had acquired their illnesses before
coming to hospital.
There were no recognized concurrent viral infections of

epidemic proportions in the child or adult population that
may have contributed to or have exaggerated the clinical
response of the cases under study to adenovirus type 21. A
relatively small number of cases of croup were being admitted
to the infectious diseases unit. Contact between these cases and
those in the adenovirus group was certainly possible. Though
none of the latter showed signs of croup no fewer than five had
rising titres to parainfluenza 3 and one to parainfluenza 1
(Table II).

Influenza myxoviruses were not isolated or suspected to be
prevalent during this respiratory disease season.

Sporadic cases of measles were present in Auckland in the
winter of 1965. The total measles admissions to the infectious
diseases unit for the year were only 12. None of the four cases
with rashes in the series was thought to have measles clinically.
One aged 12 months was said to have had morbilli a few months
before admission. Another developed typical measles some
months after admission to hospital. Fourteen were aged 3 to
9 months, and may thus have had adequate protection from
maternal antibodies.

Neither Table II (throat swabs on admission) nor the evi-
dence from subsequent throat or tracheal swabs (see Clinical
Features) points to the implication of any particular bacterial
pathogen, including the tubercle bacillus, in either the acute
or chronic stages.

Case 16 was the only one of the series in which, fortuitously,
at a later date convalescent serum was examined for comple-
ment-fixing antibodies to Mycoplasma pneumoniae. The titre
was less than 1: 8. Four other children with similar clinical
illnesses but not included in the series because of incomplete
data also had negative convalescent titres.
An important feature of this study is its possible relevance

to the relationship between a severe viral infection and mal-
nourishment among less socially privileged peoples. The evi-
dence so far as our cases are concerned is as follows: 16 (64%)
had iron-deficiency anaemia, 13 (52%) had a weight below the
25th percentile, and 9 (36%) whose weight was between the
25th and 97th percentiles were markedly anaemic.
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Experience with Polynesian children leads us to believe that
many are fed on a very high carbohydrate diet, deficient in
protein, vitamins, and minerals, especially iron.
The homes of 12 children were classified by European stan-

dards as very poor, five were satisfactory, and in eight cases
the necessary information is lacking.
Some data are available from a survey at present being under-

taken on children in hospital in Auckland (M. Hardy, personal
communication, 1968). Approximately 300 children with
malnourishment of dietary origin uncomplicated by other
medical or surgical causes have been assessed to date. All had
weights below the 25th percentile. Over half were Maoris,
one-sixth were Islanders, and one-quarter were Europeans. In
54 of the 300 the haemoglobin values were below 8 g./100 ml.
Among these 54 the above proportions of Maoris, Islanders,
and Europeans were again almost identical. In conjunction
with the population statistics noted in Table I, these figures
indicate very definite malnutrition among the Polynesians in
Auckland.

Ignorance of European conditions and foods appeared to be
the problem among Islanders, whose homes, for the most part,
were clean and well kept. Maoris, on the other hand, tended
to be easygoing, feckless, and careless of their hygienic stan-
dards. It should be noted that these comments apply to the
city population under study, and do not necessarily reflect the
state of affairs among Islanders or Maoris as a whole. Over-
crowding occurs commonly in the homes of both.

Europeans constituted only 5% of those from bad homes
among the malnourished children surveyed. Malnutrition by
any criteria is very much the exception among Europeans in
New Zealand.
The pattern of illnesses in general and respiratory diseases

in particular differs chiefly quantitatively between Maoris and
Islanders on the one hand and Europeans on the other. An
exception is mucoviscidosis, no example of which has come to
our notice among Polynesians. Respiratory infections of all
kinds affect Polynesians much more frequently than Europeans.
Few Maori children escape without some loss of hearing due
to otitis media.

Bronchiectasis differs both quantitatively and qualitatively
among Europeans and Polynesians. Hinds (1958) surveyed
163 bronchiectatics attending the Chest Unit, Greenlane Hos-
pital, Auckland-94 were Europeans, 65 Maoris, and 4
Islanders. At that time the relative population of Europeans to
Maoris was nine to one, Islanders being very few in number.
Bronchiectasis requiring treatment was relatively five times
more frequent among Maoris than among Europeans. Maoris
had a predilection for extensive cystic and saccular forms of
bronchiectasis whereas Europeans tended to have less extensive
cylindrical disease. The four Islanders were noted to have
particularly severe bronchiectasis.

Discussion
The cases as listed in Table II fall into three categories as

regards the likelihood that adenovirus type 21 was causal in the
production of what is thought to have been a uniform clinical
picture. (1) Cases 1 to 6, where the virus was isolated from
throat swabs and there were significant rises in complement-
fixing antibody titre. Neutralizing antibody to adenovirus
type 21 was present in the convalescent serum of Case 5. (2)
Cases 7 and 8, where adenovirus was isolated on lung puncture.
(3) Cases 9 to 12, in which significant rising complement-
fixation titres to adenovirus (type unknown) were demonstrated,
and Cases 13 to 25, in which adenovirus type 21 was isolated
from throat swabs but serological evidence was missing or in-
complete. Neutralizing antibody to adenovirus type 21 was
present in the convalescent serum of Cases 16 and 17.

BRITISH
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A fairly strong claim may be made for the first category. The
third is included particularly for its epidemiological value, there
being no clinical distinction to be made between its members
and those of category 1. Category 2 lies intermediate.
Of three in whom a fourfold or greater rise in complement-

fixing antibody titre was not demonstrated yet in whom a single
serum showed a titre of more than 1: 128, the high titre might
be supposed to have originated from maternal antibody. How-
ever, all were over 6 months of age and might therefore be
expected to have lost maternal antibody. Five in whom single
sera only were available had titres of 1: 32 or less ; three were
under and two over 6 months of age. Again, 161 of 213
other children tested by the same method during the same
period had no demonstrable complement-fixing antibodies to
adenovirus.

Five cases (Nos. 1, 2, 3, 11, and 12) had significant rises in
titres to parainfluenza 3 virus. Case 11 also had a similar rise
to parainfluenza 1. Three of these cases fall into category 1

above. It may be reasoned that on virological grounds the evi-
dence for adenovirus being the significant pathogen in these
three cases is stronger than that for either myxovirus. Cases 11

and 12 must remain in doubt. None of these cases had clinical
croup, nor have we encountered parainfluenza viruses in
association with a clinical syndrome such as we have described
in this paper.

In recounting the epidemiological features the possible roles
for respiratory syncytial virus, influenza, measles, mycoplasma,
and bacteria have been discussed. It must be admitted that we
did not obtain laboratory evidence of infection or otherwise
with these viruses during the prolonged course of our cases, nor
of whether adenovirus type 21 did or did not persist in the
respiratory tract.

Future studies must confirm or deny our impression that
adenovirus type 21 was in fact the aetiological agent in the
disease observed. The facts presented do not, we believe, favour
a bacterial cause for either the initiation or the perpetuation of
the illnesses seen.

The clinical and radiological picture of bronchiolitis and
relapsing bronchopneumonia was a uniform one in the 25 cases.
Before laboratory evidence was obtained an adenoviral cause
was suggested because of previous experience by one of us
(W. R. L., unpublished) with two cases of pneumonia associated
with adenovirus type 7.
A complete characterization of pneumonia associated with

adenovirus type 21 will not be possible until detailed patho-
logical studies have been made. The findings from post-
mortem material from this series will go some way to help in
this direction (Becroft, 1968) ; but more extensive material,
especially from cases early in the disease, is urgently required.
Massive necrosis of bronchiolar epithelium was not apparently
a feature of this series as it has been in cases involving other
adenovirus serological types (Becroft, 1967). Rather it would
appear that less severe initial damage was followed by cellular
proliferation with airways obstruction.
The present series seems to indicate a particular suscepti-

bility of young children to adenovirus type 21 infection. The
predominance of males is difficult to explain.
Two further possible factors require consideration. In

favour of a genetic factor is the striking racial incidence. All
except two cases were Polynesians, a minority group in a pre-
dominantly European city. Hinds (1958), in his study on
bronchiectasis in the Maori, gives three possible explanations for
the high incidence of that disease in the Polynesian race. First
is the fact that more severe, perhaps neglected, childhood
respiratory infections occur among Polynesians than among
Europeans. Hinds does not mention specifically in this con-
nexion either pertussis or measles. He also dismisses tuber-
culosis as a significant contributing disease. As a second possi-
bility Hinds suggests "an inability of the native to cope with
pulmonary infections as efficiently as his European counter-
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part." Thirdly, he asks the question, " Or is there some con-
genital factor operating, giving rise to what may be termed an
' organ inferiority' in respect of the Polynesian lung ? "
One finding, the relevance of which to the present study

cannot be denied, is the degree of malnutrition among Poly-
nesian babies compared with Europeans. Here is something
tangible to which we believe great attention should be paid in
similar future studies. Neither a genetic nor a nutritional
factor for severe respiratory illness excludes the other. Further
work will be required to elucidate the part played by either or
both.
What of the adenovirus ? Macfarlane and Sommerville

(1957) wrote of a "non-tuberculous juvenile bronchiectasis; a
virus disease ? " van der Veen (1963) stated: " Further studies
are needed to elucidate the role of adenoviruses in the develop-
ment of persistent bronchial lesions." Finally, Rytel et al. (1964)
reported a very suggestive correlation between adenovirus infec-
tion and the subsequent development of bronchiectasis in naval
recruits.
The present series suggests that adenovirus type 21 can pro-

duce lethal pneumonia or result in lung fibrosis or bronchiec-
tasis in survivors. The question remains, could adenoviruses
be of major importance in the as yet unknown aetiology of
many cases of bronchiectasis ?

We wish to thank Dr. D. M. 0. Becroft, pathologist, Princess
Mary Hospital for Children, and Dr. G. W. Dodd, radiologist,

Auckland Hospital, for considerable help in preparing this paper.
Our thanks are also due to Drs. A. M. Bush, R. H. Caughey, and
T. G. Fox for permission to quote data from cases under their
care.
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Summary: Studies in 17 hypertensive patients showed
that the electrocardiographic features of T-wave

inversion and S-T segment depression distinguish those
patients with higher systolic blood pressures. They do
not indicate impaired cardiac function.

Introduction
The electrocardiographic pattern of depression of the S-T
segments and inversion of the T waves in left-sided leads in
a patient with systemic hypertension is generally accepted as
evidence of severe left ventricular hypertrophy. The term
" left ventricular strain " that is sometimes given to this electro-
cardiographic finding implies that left ventricular function may
be impaired under these circumstances.
Our previous work (Hamer et al., 1967) has indicated that

the cardiac output on exercise is lower than normal in patients
with hypertension. In this-study we have attempted to correlate
the electrocardiographic changes with the degree of disturbance
in left ventricular function as assessed from the response of
the cardiac output to exercise.

Patients and Methods
Seventeen hypertensive patients aged from 22 to 64 were

investigated. All had a diastolic pressure of 100 mm. Hg or
over as outpatients. The clinical findings are summarized in
Table I. On the basis of the electrocardiogram they were
divided into two groups (Table II). Nine (group I) had a

TABLE I.-Clinical Features

Fundal Chest
Case Sex Age Casual Changes X-ray
No. Sx Ae B.P. (Graded

0 to 4) CTR% Congestion

Group I
1 M 40 180/120 3 42 0
2 M 46 220/120 1 47 0
3 M 62 215/140 2 48 0
4 M 45 190/115 1 43 0
5 M 59 220/150 0 56 +
6 M 36 210/110 1 43 0
7 M 39 145/100 1 48 0
8 M 24 145/100 0 48 0
9 M 50 160/100 0 42 0

Group II
10 M 54 215/130 1 50 0
11 M 48 255/145 4 48 +
12 M 52 200/110 2 56 +
13 F 64 245/140 2 58 +
14 F 49 220/140 1 48 0
15 M 55 240/140 3 54 +
16 F 22 250/150 3 35 0
17 F 34 205/125 3 45 0
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