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SUMMARY The value of taking microbiological and cytological specimens by flexible broncho-
scopy and bronchoalveolar lavage under local anaesthesia was assessed on 43 occasions in 35 HIV
infected children, aged 3 months to 16 years, with interstitial pneumonitis. In acute interstitial
pneumonitis (n=22, 26 specimens from bronchoalveolar lavages) the microbiological yield was

73%, Pneumocystis carinii being the commonest infective agent (n= 14). P carinii pneumonia was

found only in children with deficient antigen induced lymphocyte proliferative responses who had
not been treated with long term prophylactic co-trimoxazole. In contrast, in 13 children with
chronic interstitial pneumonitis that was consistent with a diagnosis of pulmonary lymphoid
hyperplasia who underwent bronchoalveolar lavage on 17 occasions, there were two isolates of
cytomegalovirus and one of adenovirus, but P carinii was not found. Ten of the 13 children had
normal antigen induced lymphocyte proliferative responses. Useful cytological data were also
gleaned from bronchoalveolar lavage specimens. Lymphocytosis was significantly higher in
pulmonary lymphoid hyperplasia (36(SD 11)%) than in P carinii pneumonia (24(19)%) whereas
the percentage of polymorphonuclear neutrophils was significantly lower (3(2)% compared with
12(13)%). Flexible bronchoscopy with bronchoalveolar lavage is safe even in young infants and
should reduce the necessity for open lung biopsy in the management of HIV infected children
with interstitial pneumonitis.

Pulmonary complications, particularly interstitial
pneumonitis, are common among HIV infected
children. Pneumocystis carinii infection usually
causes acute interstitial pneumonitis and pulmonary
lymphoid hyperplasia causes chronic interstitial
pneumonitis. 2 In adults fibreoptic bronchoscopy
and bronchoalveolar lavage are useful in the investi-
gation of interstitial pneumonitis.3 4 Experience in
children is still limited-8 and open lung biopsy was
until recently the main method of diagnosis.' 9 10
Our experience of flexible bronchoscopy in young
childrenl' and of bronchoalveolar lavage in
immunocompromised children'2 led us to assess the
diagnostic value of microbiological and cytological
examination of bronchoalveolar lavage specimens in
HIV infected children with interstitial pneumonitis.

Patients and methods

Thirty five children (24 boys and 11 girls) aged

between 3 months and 16 years (mean age 3 years 2
months) underwent bronchoalveolar lavage 43 times
between June 1983 and December 1987. Fourteen of
these children were less than 1 year old and only five
were over 7 years old. The diagnosis was made from
a positive serological HIV response by western blot
(Pasteur Diagnostics). For those children less than
15 months old whose mothers had positive sero-
logical responses, a virus culture or detection of the
P25 antigen in the serum with a monoclonal
antibody (Abbott Laboratories), or both, was re-
quired to eliminate the possibility of passively
transmitted maternal antibody. HIV was transmit-
ted from infected mothers to their offspring in 27
cases and by blood products in eight. All these
children were in subgroup P2 of the Centers for
Disease Control classification for HIV infections in
children.13 The immunological study included an
analysis of the number of cluster determinant 4
(CD4) lymphocytes in the peripheral circulation by
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immunofluorescence (Ortho), and measurement of
lymphocyte proliferative capacity after stimulation
by at least two different antigens.14 Independently
of their clinical state and history of infection two
groups of children were identified by their prolifera-
tive response in the presence of antigen. This was

positive in group 1 (n=15) and negative in group 2
(n=20), indicating a severe deficiency in cellular
immunity as recently shown by Blanche et al.15

PULMONARY DISORDERS
Acute interstitial pneumonitis
Twenty six bronchoalveolar lavage specimens were

taken from 22 children with acute interstitial
pneumonitis diagnosed on physical findings and
chest radiography. The mean (SD) interval between
the onset of interstitial pneumonitis and broncho-
alveolar lavage was 11 (6) days. Five of the children
were from group 1 and 17 from group 2. In eight
cases the pneumonitis was only moderate, but in 14
it was severe with hypoxaemia that required treat-
ment with nasal oxygen. Four children had second
bronchoalveolar lavage specimens taken two weeks
after treatment had been started because of relapse
of dyspnoea and fever. At the time of the first
bronchoalveolar lavage 18 children were not treated
or were treated for less than a week with co-
trimoxazole.

Chronic interstitial pneumonitis
Seventeen bronchoalveolar lavage specimens were
taken from 13 children with chronic interstitial
pneumonitis that had been present for a mean (SD)
9 (6) months and the procedure was carried out
when they were stable clinically. Ten children were
from group 1 and three from group 2. They all had
stable radiographs showing diffuse nodular or re-
ticulonodular lung patterns. This type of interstitial
pneumonitis was associated with cervical lympha-
denopathy (all cases), parotitis (9/13), hepato-
splenomegaly (9/13), clubbing of the fingers (5/13),
and shortness of breath on exertion (7/13). Hyper-
gammaglobulinaemia (>30 g/l) was present in all
cases. This picture was consistent with the diagnosis
of pulmonary lymphoid hyperplasia.1

PROCEDURES
Flexible bronchoscopy, bronchoalveolar lavage, and
lavage fluid analysis were carried out as previously
described.12 All except one of the bronchoscopies
were carried out under local anaesthesia after
premedication that usually comprised atropine (0-01
mg/kg given subcutaneously) one hour before the
procedure and midazolam (0.3-0.5 mg/kg) or diaze-
pam (0-5 mg/kg) given rectally 10-15 minutes before
examination. Two fibreoptic bronchoscopes were

used, the Olympus BF 3C10 for children aged less
than 7 years and the Olympus BF 4B2 for older
children. In the youngest children, and whenever
interstitial pneumonitis was severe, the procedures
were carried out while the patients were receiving
oxygen through the other nostril. Once the
tracheobronchial tree had been examined, the
bronchoscope was wedged in a lobar or segmental
bronchus, usually the middle lobe or the right lower
lobe. An initial sample (5-10 ml) of prewarmed
physiological saline was injected and then aspirated.
This initial sample was discarded as being of
bronchial origin. Several samples were then injected
and aspirated up to a maximum volume of 10% of
the functional residual capacity. The recovered
liquid was used for microbiological and cytological
studies: part of it was used for immunofluorescence
screening (for Legionella pneumophila, respiratory
syncytial virus, parainfluenza virus, herpes simplex
virus, cytomegalovirus, and adenovirus), and cul-
tures for viruses, bacteria, fungi, and mycobacteria.
A total cell count of nucleated cells was done on the
lavage fluid, and 12 Cytospin preparations were
made by cytocentrifugation at 30 g for 10 minutes
on a Cytospin 2 (Shandon Southern Instruments).
These were stained by May Grunwald Giemsa,
periodic acid Schiff (PAS), Gram, Grocott, Ziehl,
and Perls, and examined for cytological evidence of
fungal, viral, and parasitic infection and for the
presence of siderocytes. The remaining fluid was
cytocentrifuged for 10 minutes at 60 g, the sedi-
ment was fixed in Bouin's solution and embedded in
paraffin, and histological sections were cut and
stained with haematoxylin and eosin, PAS, and
Grocott.
Data were analysed by Student's t test and the X2

test. A p value of less than 0X05 was accepted as
significant.

Results

TOLERANCE
No complications were encountered during or after
flexible bronchoscopy and bronchoalveolar lavage.
The mean fluid return was 65%. No case of
respiratory decompensation or of transfer to the
intensive care unit could be attributed to the
procedure. Treatment with oxygen by nasal tube
prevented drops in arterial oxygen pressure in even
the most hypoxic and youngest children. A transient
spike of fever occurred in 13 (30%) of the children
four to six hours after the bronchoalveolar lavage.

MICROBIOLOGICAL RESULTS
Acute interstitial pneumonitis
Bronchoalveolar lavage specimens gave diagnostic
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Table 1 Organisms isolated from the bronchoalveolar
lavage fluid in 26 patients with acute interstitial pneumonitis

Organism No of patients

P carinii 17
L pneumophila 1
Cytomegalovirus 3
Respiratory syncytial virus 1
Parainfluenza 3 virus 1
Mixed infections 3

information in 19 of the 26 examinations (73%)
(table 1). The most common organism isolated was

P carinii (n=17), which was found in 14 of 17
children in group 2 and in none of the five children
in group 1 (p<0001). P carinii was still present in
three of the four treated children who were re-

examined on the 15th day, and in 14 of the 18
children who were not treated or treated for less
than a week with co-trimoxazole. It was not found in
the four children treated for over a month. Three
mixed infections were observed: P carinii and
cytomegalovirus in two cases, and P carinii,
L pneumophila and parainfluenza 3 virus in the
other.

Chronic interstitial pneumonitis
Only two isolates of cytomegalovirus and one of
adenovirus were found in 17 bronchoalveolar lavage
specimens; no P carinii was identified.
When both acute and chronic interstitial

pneumonitis were considered together, P carinii was
found in none of the 15 children in group 1 and in 14
of the 20 in group 2 (p<0001).

CYTOLOGICAL RESULTS
The data are summarised in table 2. In both acute
and chronic interstitial pneumonitis there was an

increase in the total cell count with a significant
increase in lymphocytes, and a moderate increase in
neutrophils.14 Lymphocytosis (SD) (36(11)%) was

significantly higher in the patients with pulmonary
lymphoid hyperplasia than in acute interstitial
pneumonitis (17(19)%, p<0-0005), in acute inter-

stitial pneumonitis with P carinii (24(19)%, p<0-05),
and in acute interstitial pneumonitis without
P carinii (13(19%), p<0-0005). The mean percentage
of neutrophils (12(13)%) was significantly higher in
acute interstitial pneumonitis with P carinii than in
acute interstitial pneumonitis without P carinii
(2(3)%, p<005) and in pulmonary lymphoid hyper-
plasia (3(2)%, p<O0005).

OUTCOME OF ACUTE INTERSTITIAL PNEUMONITIS

Co-trimoxazole treatment was effective in 12 of the
14 children with P carinii pneumonitis, and two
children died.

Discussion

These results confirm that flexible bronchoscopy
and bronchoalveolar lavage carried out by an

experienced paediatric bronchoscopist can be
performed safely even in young infants and is well
tolerated and useful in children infected with HIV
with acute and chronic interstitial pneumonitis.5 12 17

During acute interstitial pneumonitis, the overall
microbiological yield of bronchoalveolar lavage was

75%, and P carinii was the predominant opportunis-
tic infective agent (63%), which is similar to results
obtained in AIDS related interstitial pneumonitis in
adults3 18 19 as well as in children.5 20 In the series of
Bye et al,5 microbiological analysis of 14 aspirates
from bronchoalveolar lavage from 29 children with
AIDS and AIDS related complex and acute respira-
tory illness grew P carinii. The diagnostic yield of
P carinii pneumonia can be improved in adults by
doing transbronchial biopsies.4 Transbronchial
biopsy, however, cannot be carried out safely in
children younger than 7 years old.21 Only five
children in the present series could have benefited
from such exploration, but all had P carinii in the
bronchoalveolar lavage. None of the children taking
part in this study had open lung biopsy, and all those
who had had a negative bronchoalveolar lavage
(25%) recovered completely. The episodes of
interstitial pneumonitis in which no infective agent
was identified may have several explanations: bron-
choalveolar lavage may have been carried out in a

Table 2 Results of cytology of 43 samples of bronchoalveolar lavage fluid from 35 children with HIV infection; 26 had
acute interstitial pneumonitis and 17 chronic pulmonary lymphoid hyperplasia. Results are expressed as mean (SEM)

Cells % % %
(103/ml) Macrophages Lymphocytes Neutrophils

Pulmonary lymphoid hyperplasia (n= 17) 413 (48) 62 (2-7) [36 (2-7)1 * **[ 3 (2.9)
Interstitial pneumonitis with P carinii (n= 17) 383 (49) 63 (5-8) ** 24 (4-6)] [12 (3-2)1 *
Interstitial pneumonitis without P carinii (n=9) 474 (119) 84 (3.0) [13 (3-0) 2 (1-0)]

*p<O.05; **p<0.005.
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child who had been on co-trimoxazole for at least a
month, there may have been undocumented viral
infection, or interstitial pneumonitis may have been
due to the HIV itself. The sensitivity and specificity
of bronchoalveolar lavage compared with open lung
biopsy cannot be evaluated in our HIV infected
children, but our results confirm those of Suffredini
et at18 and those of Bye et al.5 In the study of
Suffredini et al, 32% of 152 episodes of interstitial
pneumonitis diagnosed by bronchoalveolar lavage
and transbronchial biopsy had non-specific lesions
without a detectable infective agent. In the study of
Bye et al 12 of 29 children with acute respiratory
illnesses had sterile bronchoalveolar lavage fluid:
open lung biopsy (n=4) or necropsy (n=3) did not
show any false negative lavages. The association
between the patient's immunological state and the
presence of P carinii should be emphasised. P carinii
pneumonia was observed only in children in group 2
(with deficient cellular immunity) who were either
insufficiently treated or not treated. In eight of 14
children P carinii pneumonia was the symptom
leading to the diagnosis of HIV infection. All these
immunological and retrospective data suggest that
prophylactic treatment with co-trimoxazole is justi-
fied and it is noteworthy that during the same period
none of 34 children admitted for HIV infection and
given prophylactic co-trimoxazole because of their
altered immune state, developed Pcarinii pneumonia
(S Blanche, unpublished observations).

Bronchoalveolar lavage also provides useful cyto-
logical information. The increase in total cell counts
and lymphocytes and the moderate increase in
polymorphonuclear neutrophils, are well known in
adults,22-25 but have not previously been reported in
children. Cytologically, P carinii pneumonia
produces clumps of cellular debris, lymphocytosis
(24(19)%) and an increase in polymorphonuclear
neutrophils (12(13)%). These anomalies were
significantly different from those seen in acute
interstitial pneumonitis in which P carinii has not
been identified. In contrast with the results of Smith
et al,26 the increase in polymorphonuclear neutro-
phils was not associated with a more severe clinical
or radiological course.
Pulmonary lymphoid hyperplasia represents a

special entity. Although this diagnosis has been,
until now, histological,'3 the clinical, radiological,
and laboratory picture and the slow progressive
course are now so characteristic that open lung
biopsy is no longer routinely required.' 20 27 In
pulmonary lymphoid hyperplasia, bronchoalveolar
lavage provides supplementary diagnostic evidence,
both confirming the absence of opportunistic
infection' 27 and showing a large increase in lympho-
cytes without a corresponding increase in polymor-

phonuclear neutrophils.2v27 Mean percentages of
lymphocytes and neutrophils were significantly
different from those found in children with P carinii
pneumonia. In none of the 17 bronchoalveolar
lavages was P carinii identified; only two grew
cytomegalovirus, and one an adenovirus. This
absence of P carinii infection should be correlated
with the immune state of this group of children: 10
of 13 were in group 1 and had normal antigen
induced lymphocyte proliferation. Here again,
although the Centers for Disease Control criteria
include P carinii pneumonia and pulmonary
lymphoid hyperplasia in the same P2 subgroup, the
two diseases are quite different in several points
(especially immunological), and the better medium
term prognosis for cases of pulmonary lymphoid
hyperplasia.1 15 The mechanism of this lympho-
cytosis is not yet known. There is a latent lympho-
cytic alveolitis that is probably specific and linked to
the HIV virus itself. 8 29 The development of pul-
monary lymphoid hyperplasia might be the result of
an increase in this alveolitis and occur under the
influence of a cofactor, such as Epstein-Barr virus.29

In conclusion, flexible bronchoscopy and bron-
choalveolar lavage should be advocated as a primary
procedure in the exploration of interstitial pneumo-
nitis in children infected with HIV. The detection of
opportunistic infections especially P carinii should
decrease the indications for open lung biopsy, which
should be reserved for children in whom broncho-
scopy was not diagnostic and whose clinical condition
was deteriorating. Similarly, the presence of lym-
phocytosis alone in the absence of P carinii and the
absence of an increased proportion of neutrophils
should also provide additional evidence in children
with clinical and radiological suspicion of pulmonary
lymphoid hyperplasia.
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