

















78

transition from the patent proximal airway to the
occluded segment was usually abrupt at a concave
epithelial-covered surface. Some serial or longi-
tudinal sections showed a sudden reduction in
external diameter at the point of occlusion. Therefore,
although the diameter of most obliterated air
passages, as measured from the outer borders of the
residual smooth muscle, was 150 to 500 » and never
more than 1 mm, presumably most had been larger
before their obliteration. Nevertheless, the rarity
of cartilage in the walls indicated that the maximum
effect was on terminal bronchioles rather than on
small bronchi (Fig. 6). The occlusion usually ex-
tended over a considerable length of the terminal
bronchioles, but rarely included the respiratory
bronchioles.

The bronchiolar lumina distal to the occlusions
were dilated rather than collapsed and often had no

Fig. 6. Case 2. An obliterated small bronchus. In
relation to the residual muscle layer there is, at the top,
an epithelial fragment and a small cartilage plate and,
above and at the left, remnants of bronchial glands.
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epithelial lining. Some of these distal segments wereD
filled with mucus and histiocytes, but most contain
air (Fig. 7). Some air-filled blebs of the type illus&
trated in"Fig. 1 had attenuated fibromuscular walls:
and no lining epithelium, but in serial sections could?
be identified as respiratory bronchioles. In a fewE
instances the occlusion consisted merely of a thin=
fibrous membrane separating the dilated distals
bronchiole from the epithelial-lined proximal aic
space. A few small bronchi and larger bronchioles)
were stenosed rather than occluded, due either to &
localized subepithelial fibrous thickening or to-
diffuse chronic inflammatory changes similar td;
those in the medium-sized bronchi. 2
No terminal bronchioles, or even remnants o3
these, could be identified in the severely bronchieci};
tatic lung of case 4. All appeared to have been-
incorporated in the peribronchial fibrcus and in-';)l
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Fig. 7. Case 1. Dilatation of a respiratory bronchiole
distal to an occluded segment cut obliquely at the foot
of the photomicrograph. There is some mucus in the
lumen. H & E (< 60).
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flammatory tissue which replaced much of the lung
and extended to near the pleural surfaces. Respira-
tory bronchioles, some mucus-filled, remained in the
small amount of surviving alveolar tissue.

Alveoli

The greater part of the alveolar tissue was abnormal.
Emphysema alternated with smaller areas of
atelectasis and fibrosis in relation to the extensive
bronchiolar obliteration in the lungs of cases 1 and 2.
Emphysema was particularly extensive in the upper
lobes of cases 1 and 2 and was of obstructive type
with little or no destruction of alveolar walls. The
fibrotic areas in the lungs of case 2, and more par-
ticularly in case 1, often had a lobular distribution.
Alveolar walls were diffusely thickened, the lining
cells were cuboidal, and the alveolar lumens were
filled with clumps of large macrophages many of
which contained cholesterol. In case 1 both the
fibrotic and non-fibrotic lung tissue showed focal
infiltration by neutrophils, extensive fresh haemor-
rhage, and fibrinous exudation, changes which were
taken as evidence for a terminal acute infection.
In all cases the alveoli surrounding inflamed or
occluded bronchioles and bronchi were lined by
cuboidal cells. Apart from this change the alveolar
tissue in the few sections examined from case 3
showed atelectasis only. The massive peribronchial
fibrosis in case 4 included many alveolar remnants
lined by cuboidal cells, while the residual alveolar
tissue, situated mainly in the subpleural regions,
was normal apart from a minor degree of collapse
and recent haemorrhage.

Vessels
There was an endarteritis severely narrowing many
small pulmonary arteries in case 2 and similar

changes involving both pulmonary and bronchial
arteries of case 4. Vessels in other cases were normal.

Tracheo-bronchial lymph nodes
In all cases these showed well developed, but non-
specific, reactive changes.

OTHER ORGANS OF CASES 1 AND 2

Apart from chronic inflammation and squamous
metaplasia in the tracheal mucosa there were no
changes of note in the upper respiratory tracts. The
cortical grey matter of the brain of case 2 showed
extensive gliosis and cyst formation consistent with
anoxic injury. Other organs were unremarkable.

Virology

The methods of virological investigation and addi-
tional bacteriological and epidemiological data
have already been presented by Lang er al (1969).
The results of virological studies on the four cases
of this report are presented in the Table. Type 21
adenoviruses were isolated from throat swabs taken
from cases 2, 3, and 4 within a few days of their
admission to hospital. The isolation from case 2 was
at his second admission and, although relapses were
common during the epidemic, the interval between
the two admissions in this case was more than three
weeks and the two were assumed to be unrelated.
High titres of complement-fixing antibody to adeno-
viruses were demonstrated in convalescent sera
from cases 2, 3, and 4. These results were suggestive
of recent infection, but an actual rise in titre from
the acute phase was demonstrated in case 4 only.
No other viruses were isolated, and the high titres
of antibody to para-influenza virus type 3 in con-

Case Virus Isolations

Complement-fixing Antibodies (Reciprocals of Dilutions)

No.
Specimen Day* Virus Acute Serum Convalescent Serum
Obtained Isolated
Day* Adeno- RSV PI P2 P3 Day* Adeno- RSV P1 P2 P3
Obtained virus Obtained virus
1 Lung 62 — 3 <16 <16 <8 <8 <16 NT NT NT NT NT NT
Faeces 62 —
2 Throat swab 5 Adenovirus 6 NT <16 NT NT NT 34 128 <16 <8 <8 128
type 21
3 Throat swab 1 Adenovirus
type 21
Throat swab 31 — NT NT NT NT NT NT 32 4096 >16 >8 >8 >256
Throat swab 110 Adenovirus
type 21
4 Throat swab 3 Adenovirus 3 <16 <16 <8 <8 <16 512 <16 <8 <8 128
type 21

Table Results of virological studies
1Days after admission.

NT = not tested.
PSV = Respiratory syncytial virus.
R1.P2, P3 = Parainfluenza viruses types 1, 2, and 3 respectively.
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valescent sera from these and other cases in the
epidemic are unexplained.

Discussion

The pathological changes in these four children are
considered to be the sequelae of infections by
adenovirus type 21 which were acquired from two
months to three years previously in individual cases.
All were admitted to hospital at the height of the
epidemic of adenovirus type 21 infection with
clinical features resembling those of the other cases
described by Lang et al (1969). Adenovirus type 21
was isolated and supporting serological evidence
obtained in the three cases in which these investiga-
tions were carried out during the early part of the
illnesses.

One feature common to the early clinical course
of each case was that some radiological and clinical
improvement had occurred before a serious impair-
ment of ventilatory capacity became evident. All
had severe wheezing and were cyanosed without

oxygen at a time when fever had subsided and radio-

graphs of the lungs showed hyperinflation but little
collapse or consolidation. The persistence of these
signs of obstructive lung disease in cases 1 and 2
until their deaths and for months in cases 3 and 4
correlates well with the dominant pathological find-
ing of total or partial obliteration at bronchiolar
and small bronchial level.

‘Bronchiolitis obliterans’, with a similar biphasic
clinical course, has been described after exposure to
toxic gases, after influenza, and other unspecified
infections, and also in cases where no cause was
apparent (Spencer, 1968). Laurent, Dalloz, and
Nezelof (1966) reported the isolation of adenovirus
type 5 from a 10-month-old child dying of bronchio-
litis obliterans but, nevertheless, favoured the
inhalation of some unknown toxin as the cause. The
association with adenovirus infection cannot be
easily dismissed in the present series of cases.
Furthermore, the obliterative changes would be the
sequelae predicted from what is known of the acute
effects of adenovirus infections on the lower respira-
tory tract.

The histological findings in five cases of fatal
infection by adenovirus type 7 in Auckland have
already been described (Becroft, 1967). In this paper
references were given to descriptions of a similar
pathology found in more than 60 infants in whom
death was attributed to infections by adenovirus of
serotypes 7 or 3, while later reports have added
more cases and expanded the age range affected and
the number of serotypes concerned (Levin, Dietrich,
and Guillory, 1967; Angella and Connor, 1968;
Steen-Johnsen, Orstavnk and Attramadal, 1969).

or
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The characteristic features have been a combinationngJ
of necrotizing bronchitis, bronchiolitis, and pneu2
monia, necrosis of bronchial mucous glands, and"
the presence of intranuclear inclusions in man
surviving cells. In the Auckland cases with type &
infection no respiratory epithelium had survived irf=
some blocks of lung tissue and many bronchiolas
and bronchial lumina were filled with exudate from
the ulcerated surfaces. The failure of reconstitutiorf
of ulcerated epithelium and the organization of5
exudate retained preferentially in smaller air pasi.
sages wou'd lead to obliterative changes similar td3
those described above. Progression of this change2
with cicatrization, episodic obstruction by retamecB
secretions, and secondary infections could accounfY
for a fluctuating clinical course in the absence of-
persisting viral infection. \'

The necrosis which has been observed in the acut@
stages of adenovirus infection has not extended’.
deeply to involve the cartilage or muscle layers. Thisn
can be correlated with the preservation of smoott®-
muscle in the obliterated bronchioles of the caseg
of this report and the absence of major destructives
changes in the deeper layers of the bronchial walls
Obliteration of bronchial glands was dispropor=
tionately severe in these cases and there is likel
correlation with the consistent finding of necrosis®
these glands in the acute type 7 infections (Becr§‘t,3
1967). A prior necrotizing pneumoma resemb
that found in the acute infections, is a possible cats@
of the alveolar fibrosis in cases 1 and 2 above, butt
the fibrotic areas also had some features of obstrucg
tive pneumonitis, including cholesterol accumulas
tion, and may have been secondary to bronchlolaE
occlusion (Spencer, 1968).

Although the pathological findings in these cases
appear a logical sequel to acute necrotizing change:
similar to those caused by other adenovirus seroS
types, and although there is no reason to believes
that type 21 should differ in its acute affects, ther§
has been no direct demonstration of the latter. Thes
few reports of adenovirus type 21 infections suggest
that the virus resembles other adenovirus serotype
in usually causing only minor upper respiratoryy
febrile, and ocular infections (Bell, Rota, ancE
McComb, 1960; van der Veen and Dijkman, l962)c|>
Lower respiratory tract infections have been deg;
scribed (van der Veen and Dijkman, 1962) and single.,
fatal cases have been reported by Clarke, CornerJ
Gambier, Macrae, and Peacock (1964) and by~
Crandell, Dowdle, Holcomb, and Dahl (1968), b
the extensive pneumonia in the former was not deég
scribed in detail and central nervous system dlseaseig
predominated in the latter.

The occurrence of clinical and radlologlcals
sequelae in 60 % of the surviving infants in the Auckﬁ;
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land epidemic also appears to be exceptional for
type 21 infection and for adenovirus infections
generally. A few cases with persisting pulmonary
lesions have been described (Lamy, Frézal, and
Cohen-Solal, 1963; Clarke et al, 1964; Steen-
Johnsen et al, 1969), but sequelae were not men-
tioned in reports of other adenovirus epidemics
(Sterner, 1962). The consistent finding of bronchiolar
and bronchial obliteration in the pathological
material from the Auckland epidemic suggests that
this was of major importance in the pathogenesis of
other pulmonary sequelac. The persistence of
atelectasis, obstructive pneumonitis, or emphysema
would be determined by the degree of bronchiolar
obliteration and by the adequacy of collateral air-
ways (McLean, 1958). In cases 1 and 2 emphysema
was the more usual finding distal to the occluded
airways, implying that collateral pathways were
patent. Of the survivors, 10 (40 %) had radiographs
showing permanently increased lung markings, with
or without crowding of bronchi suggesting fibrosis
or atelectasis. Three more, including cases 3 and 4,
had massive collapse of a lung persisting despite
vigorous treatment, presumably because collateral
airways were inadequate. The sequence of consolida-
tion, followed by overinflation and then massive
collapse of the right lung of case 4, is believed to
reflect progression of obliterative changes during
resolution of the bronchopneumonia. Bronchiolar
obliteration in infancy, with subsequent inhibition
of normal development of the lung, has been pro-
posed as a cause of McLeod’s syndrome of unilateral
radiolucency of the lung (Reid, Simon, Zorab, and
Seidelin, 1967). Although radiographs of some
survivors showed focal or generalized emphysema
no typical examples of McLeod’s syndrome were
seen during the period of follow up.

Bronchiectasis was demonstrated at broncho-
graphy in six! of the surviving cases at intervals of
three months to one year after the acute infection,
and was found at the necropsy on case 2 four months
after the onset. Although bronchi in lobes known to
be chronically atelectatic were most severely affected,
non-atelectatic segments were also involved in all
cases, and bilateral changes were demonstrated
whenever both lungs were examined. The bronchiec-
tasis was usually varicose or saccular and there was
a consistent lack of filling of the periphery of the
affected segments by contrast media, even in those
examined early and showing only slight dilatation.
This change, sometimes due to retained secretions,
but usually indicating bronchial and bronchiolar
obliteration, has been well documented in many
radiological and pathological studies of bronchiec-
tatic lungs (Reid, 1950; Culiner, 1963). The patho-
10ne case has been added to the five listed by Lang et al (1969).

logical findings in the present series of cases are
considered to give support to the conclusion of
Churchill (1949) that ‘obliterative bronchitis and
bronchiolitis with or without atelectasis may be
significant in the development of certain types of
bronchiectasis and not merely be a by-product of
the pathologic process’. Bronchiolar obliteration
could contribute to both factors considered by
Spencer (1968) to be the main causes of bronchiec-
tasis: first, to absorption, collapse, and fibrosis, and
second, to inflammation, by predisposing anatomic-
ally and physiologically to the stagnation of secre-
tions. Thus, in addition to the bronchiolar obliteration
there was in case 1, two months after the acute
infection, only moderate bronchial inflammation;
case 2 after four months had severe bronchial
inflammation and early brorchiectasis; case 3 after
one year had established bronchiectasis without
gross destructive changes; and in case 4 after three
years there was severe destructive bronchiectasis of
follicular type in which the obliterative changes
could easily be considered as secondary.

No opinion can be offered on the role of persisting
viral infection in these cases. The virus was isolated
from case 3 four months after his acute illness, but
was not recovered from the lungs of case 1 after two
months. The reactive changes in lymphoid tissue
appeared non-specific, and although the atypical
epithelial proliferation in case 2 had some resem-
blance to the virus-induced effect observed in the
acute stages of adenovirus type 7 infection (Becroft,
1967), no viral inclusions were detected.

These cases provide strong evidence for an
adenoviral aetiology of some cases of childhood
bronchiectasis and for a pathogenesis based on an
initial necrotizing bronchitis and bronchiolitis. The
maximum incidence of the respiratory illnesses
which have initiated symptoms in post-infectious
bronchiectasis has, in most series, been in the first
two years of life. Adenoviruses are an important
cause of lower respiratory tract infections at this
age, and of the other respiratory pathogens only
influenza virus is recognized as causing epithelial
necrosis of comparable extent. Adenoviruses may,
therefore, be the major cause of post-infectious
bronchiectasis, a possibility which has been sug-
gested previously on the basis of serological studies
by MacFarlane and Sommerville (1957) and Rytel,
Connor, Welch, Kraybill, Edwards, Rosenbaum,
Frank, and Miller (1964). Morbilliform rashes and
other exanthemata, a pertussis-like syndrome, and a
simultaneous infection with measles virus have all
been described in association with adenovirus infec-
tion (Chany, Lépine, Lelong, Le-Tan-Vinh, Satgé,
and Virat, 1958; St. Geme and Prince, 1966; Collier,
Connor, and Irving, 1966; Lang et al, 1969). Conse-
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quently, adenoviruses have also to be considered as
the possible aetiological agents in cases of bronchiec-
tasis developing after apparent measles or whooping
cough. Clearly, only prospective studies based on
accurate initial diagnoses can give reliable informa-
tion on the infectious causes of bronchiectasis.

I am grateful to Dr Grahame Fox, Dr Alice Bush,
and Dr Ruthven Lang for permission to publish
details of cases in their care; to Dr J. F. Burton for
the results of virological studies; to Dr F. H. Sims
for access to the descriptions of the surgical speci-
mens and to the histological material from cases 3
and 4; to Dr Geoffrey Dodd for reviewing radio-
graphs; and to Mr A. D. Fraser and Mr R. J.
Patterson for expert assistance with photographic
and histological procedures respectively.

References

Angella, J. J., and Connor, J. D. (1968). Neonatal infection caused by
adenovirus type 7. J. Pediat., 72, 474-478.

Becroft, D. M. O. (1967). Histopathology of fatal adenovirus infection
of the respiratory tract in young children. J. clin. Path., 20,
561-569.

Bell, S. D., Jr., Rota, T. R., and McComb, D. E. (1960). Adenovirus
isolated from Saudi Arabia. III. Six new serotypes. Amer. J.
trop. Med. Hyg., 9, 523-526.

Clark, N. S. (1963). Bronchiectasis in childhood. Brit. med.J., 1, 80-88.

Clarke, S. K. R., Corner, B. D., Gambier, D. M., Macrae, J., and
Peacock, D. B. (1964). Viruses associated with acute respiratory
infections. Brit. med. J., 1, 1536-1539.

Chany, C., Lépine, P., Lelong, M., Le-Tan-Vinh, Satgé, P., and Virat,
J. (1958). Severe and fatal pneumonia in infants and young
children associated with adenovirus infections. Amer. J. Hyg.,
67, 367-378.

Churchill, E. D. (1949). The segmental and lobular physiology and
pathology of the lung. J. thorac. Surg., 18, 279-293.

Collier, A. M., Connor, J. D.,and Irving, W. R. Jr. (1966). Generalised
type 5 adenovirus infection associated with the pertussis syn-
drome. J. Pediat., 69, 1073-1078.

D. M. O. Becr

o

Crandell, R. A., Dowdle, W. R., Holcomb, T. M., and Dahl, E. .
(1968). A fatal illness associated with two viruses: an intéd-
mediate adenovirus type (21-16) and influenza A. J. Pediat. 9.,
467-473.

Culiner, M. M. (1963). Obliterative bronchitis and bronchiolitis W[B]
bronchiectasis. Dis. Chest., 44, 351-361.

Field, C. E. (1949). BronchlectaSIS in childhood. I. Clinical survey'gf
160 cases. Pediatrics, 4, 21-46. o

Lamy, M., Frézal, J., and Cohen-Solal, J. (1963). Pneumopatl
chromque associée a une infection par adenovirus. Arch. frary
Pediat., 20, 612-620.

Lang, W. R., Howden, C. W., Laws, J., and Burton, J. F. (196
Bronchopneumonia with serious sequelae in children w
evidence of adenovirus type 21 infection. Brit. med.J., 1, 73-

Laurent, M., Dalloz, J. C., and Nezelof, C. (1966). La bronchiolg@e
oblitérante: & propos d’un cas frappant un neurrisson de i.LO
mois. Arch. Anat. Path., 14, 253-259.

Levin, S., Dietrich, J., and Gunllory, J. (1967). Fatal nonbacter@
pneumonia associated with adenovirus type 4. J. Amer. mézi-
Ass., 201, 975-977.

Macfarlane, P. S., and Sommerville, R. G. (1957). Non-i tubercul
juvenile br-. hi is: a virus di ? Lancet, 1, 770-771 )~

McLean, K. H. (1958). The pathogenesns of pulmonary emphysem
Amer. J. Med., 25, 62-74.

Reid, L.McA. (1950). Reducuon in bronchial subdivision in bronchlw
tasis. Thorax, 5, 233-247.

Reid, L., Simon, G., Zorab, P. A., and Seidelin, R. (1967). Thedeva-
opment of unllateral hypertransradlancy of the lung. Brit. W
Dis. Chest, 61, 190-192. T

Rytel, M. W., Conner, G. H., Welch, C. C.,Kraybill, W. H.,Edwz:-g

E. A.,Rosenbaum, M. J., Frank, P. F., and Miller, L. F. (19
Infectious agents associated with cylindrical bronchiect;
Dis. Chest, 46, 23-28. <

St. Geme, J. W., Jr., and Prince, J. T. (1966). Mixed systemic vigug
infection: a postulate for alteration of host resistance @
adenovirus infection. J. Pediat., 69, 653-655.

Spencer, H. (1968). Pathology of the Lung, 2nd ed. Pergamon Pre's_s‘,
Oxford. U

Steen-Johnsen, J., Orstavik, I., and Attramadal, A. (1969). SEv@e
illnesses due to adenovirus type 7 in children. Acta pagdii
Scand., 58, 157-163.

Sterner, G. (1962) Adenovirus infection in childhood. Acta paa
(Uppsala), Suppl., 142. (o

Strang, C. (1956). The fate of children with bronchiectasis. Ann. mte@_
Med., 44, 630-656.

Sw1erenga,J (1957). Childhood bronchiectasis. Dis. Chest, 32, 18
161.

Van der Veen, J., and Dijkman, J. H. (1962). Association of type
adenovnrus with acute respiratory illness in military recru
Amer. J. Hyg., 76, 149-159.

JELB.U

Aq pa1oaloid 1sanb Ag Tz0oz ‘s Jequiadaq uo jwod’fwg-daly:d


http://jcp.bmj.com/

