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During the first 10 years of the AIDS
pandemic the clinical features of the
syndrome have been extensively reported. By
January 1992 there had been 5451 cases of
AIDS in the United Kingdom, 3391 patients
having died, and 16 828 people were known to
have antibodies to the human immuno-
deficiency virus (HIV), with the potential to
progress to AIDS. Pneumocystis carinii
pneumonia, despite widespread use of effective
prophylaxis, rema

opportunist pneumocystis pneumonia in
patients immunosuppressed by malignancy,
chemotherapy, corticosteroids, or HIV results
from reactivation from a focus of organisms
in the lungs that may, by analogy with
tuberculosis, be the residuum of asymp-
tomatic, self healed childhood infection. This
assumption has recently been challenged by
the application of molecular biology to the
study of P carinii.

opportunist infection in patients with AIDS. Cloning ofDNA from Pneumocystis
In the two years since the articles in the carin'i

series AIDS and the lung appeared in Thorax The unique properties of organisms are
there have been important developments in precisely expressed at a genetic level, being
the clinical management of respiratory defined by the sequence ofnucleic acid bases in
complications of HIV infection, and there is their DNA (or RNA in certain viruses). Part of
also a clearer understanding of the molecular the gene coding for the large subunit of the
biology of the infectious complications. In this mitochondrial ribosomal RNA from P carinii
article, the first of two updates, we review has been cloned and sequenced. P carinii
recent advances in the molecular biology and pneumonia was induced in the rat and DNA
clinical management of patients with was extracted and cloned from parasite en-
Pneumocystis carinii infection. riched fractions from the lungs.3 Identification

of recombinants of non-rat origin (that is from
pneumocystis) was achieved by negative colony

Molecular biology ofPneumocystis hybridisation and probing with genomic rat
carinii pneumonia DNA. Recombinants of interest were tested in
Two morphological forms of P carinii are an in situ hybridisation assay with sequences
seen in infected lungs: thin walled, irregularly obtained from human and rat lungs infected
shaped, single nuclee ltropBiozoiteasT2- and not infected with P carinii.3 Sequences
5 im), which adhere firmly to the external specific for P carinii were confirmed by their
surface of typ pneumocytes, andhicK characteristic in situ hybridisation patterns,
walecysts77- gm) containing four to eight which were typical of the morphology and
sing e nucleated sporozoites, which lie freely distribution of P carinii infection in lung
within the alveoli. Uncertainties surround the tissue.3 Recombinant plasmid PAZ102 was
taxonomy of P carinii. Its morphological selected as a candidate mitochondrial sequence
features, including the irregular shaped because of strong signals derived in hybridisa-
trophozoites and the absence of motility tion studies on infected lung samples. The
organelles; the silver staining of the cyst walls; plasmid PAZ102 (an insert of 570 base pairs)
the chemotherapeutic response to anti- was sequenced and compared with several data
protozoal drugs, including pentamidine, bases. From sequence data on PAZ102 and
though not to antifungal drugs such as comparative analysis of data bases the fragment
amphotericin B; and the failure to culture the was identified as a portion ofthe gene coding for
organisms in various media have led to the the large subunit of mitochondrial ribosomal
view that the organism is either a protozoon or RNA ofP carinii.
a fungus. Oligonucleotide primers used for the

Serological studies using indirect fluores- polymerase chain reaction were constructed
cence, enzyme linked immunosorbent assays, from two sequences of moderate conservation
and Western blotting (immunoblotting) have that were specific to P carinii-PAZ102-E:
shown that healthy children and adults, as 5'-GATGGCTGTTCCAAGCCCA-3' and
well as those with pneumocystis pneumonia, PAZ102-H: 5'-GTGTACGTTGCAAAG-
have a high frequency of serum antibodies to ,TACTC-3'. These oligonucleotides produced
the organism.2 This tas led to the suggestion amplification ofspecific sequences from both rat
that asymptomatic infection occurs in child- and human bronchoalveolar lavage samples
hood. It has also been widely assumed that infected with P carinii, but not from samples
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PAZ1 02-Li :5' ATAAGGT GAGG AGTCGA G AG -3'

PAZ102-L2:5' ATAAGGT AGAT AGTCGA A AG -3'

Comparative sequences ofPAZ 102-Li rat specific oligonucleotide (top) and
PAZ 102-L2, which is human specific. The sequences of base pairs within the boxed areas
are identical. Outside the boxes there are five base pair differences in the two
oligonucleotides.

infected with a range of other organisms,
including Candida albicans, Mycobacterium
tuberculosis, Cryptococcus neoformans, and
Aspergillus nidulans.
An internal oligonucleotide, PAZ102-L1,

derived from rat P carinii produced strong
hybridisation signals from Southern hybridisa-
tion with amplified products from infected rat
lungs but only very weak signals with products
from infected human lungs.4 Direct sequencing
of the amplified products from both rat and
human samples showed limited but consistent
differences between t
from these two hosts,5 which included five
base chanLges in the sequence of the internal
oligonucleotide PAZ102-LI (figure). An
oligonucleotide specific to the human derived
organisms was constructed, PAZ102-1 2. This
showed strong hybridisation with the amplified
product from human P carinii but weak
hybridisation with the rat P carinii amplified
product,4 indicating that natural infections in
man and in the rat are due to different strains of
1 carznuz. A -ubh4u~11tudyhas aerived
estimates of the sensitivity of DNA amplifica-
tion methods by seeding homogenised human
lung with P carinii organisms derived from the
immunosuppressed rat model. A band of
amplified DNA, made visible by ethidium
bromide staining, was found to indicate the
presence of 100 organisms or more. A band
visible only with Southern hybridisation
denoted smaller numbers of organisms, down
to a lower limit of sensitivity of one or two
organisms per sample.6

IsP carinii a reactivation or a reinfection?
Studies using monoclonal antibody binding
to screen postmortem lungs from immuno-
competent and immunosuppressed patients
who had died of causes other than pneumonia
failed to detect P carinii and challenged the
theory of carriage of latent parasites in normal
lungs.7 The theory was tested further by using
DNA amplification with PAZ102-E and
PAZ102-H and Southern hybridisation using
PAZ102-L2 to search for P carinii in
postmortem lung samples from 15 non-
immunosuppressed individuals, who had
died from various causes; one
primary lung disease.8 N P carinii specific
DNA amplification product was detected either
by ethidium bromide staining or by Southern
hybridisation in any of the specimens.8
Both silver staining and DNA amplification-

oligoblotting were used to detect P carinii from
bronchoalveolar lavage fluid in 47 patients; 37
were immunosuppressed by HIV or by treat-
ment for lymphoma, leukaemia, or vasculitis
and 10 were immunocompetent and under-

going bronchoscopy for investigation of
various respiratory diseases. Of 15 inmmuno-
suppressed patients who had diagnoses other
than P carinii pneumonia (diagnosed by
conventional silver staining), including pul-
monary Kaposi's sarcoma and mycobacterial or
bacterial infection, n had P carinii DNA
detected by amplification staining
and only three had low levels ofDNA6 detected
by oligoblotting.9 No P carinii DNA was
detecteQ by either
oligobtting in samples from the immuno-
ccTmipetent group. A further study of 51
episodes of acute respiratory illness in 47 HIV
positive patients undergoing bronchoalveolar
lavage included 20 episodes of P carinii
pneumonia and 31 respiratory episodes with
other diagnoses. Silver staining gave negative
results in all 31 episodes with other diagnoses.
Seven of these patients had low levels of
P carinii DNA, detected by oligoblotting alone,
and one patient with Staphylococcus aureus
pneumonia had high levels of P carinii DNA
detectable in lavage fluid by ethidium staining.
This patient had a past history of P carinii
pneumonia and presented again 10 weeks later
with a second episode of pneumocystis
pneumonia. Thus in these studies only 10 of46
immunosuppressed patients had WeaR DNA
signals, implying low levels of ' carini,and
strong signals were seen almost e.aoi
those wh P carznAt pne2 Qma

dettable P carinii in these
four studies7'l0 does not support the view that
there is longterm_a e of the
organism, aoing reactiution during
immunosuppwssion. Unless there is some
other site for dormant organisms (and no data
support such a hypothesis), reinfection would
seem a more likely cause ftorpneumocystis
pneumonia. Reports o ase clusters ofP carinii
pneumonia MgnesttIldL nrizontal trns-

_
PTM -Imission mnaybe rat ese data are

important for epidemiological studies and
emphasise the possibility of an environmental
source of infection.

Is Pneumocystis carnini a fungus or a
protozoon?
Two studies have suggested a degree of
homology between fungi and P carinii. These
werebased on analysis or 16S anc 5S riDosomal
RNA sequences.'3"4 Chance similarities may
be observed, however, and misleading
conclusions are likely if only one DNA
sequence is studied. More recently a large (6-8
kilobase) fragment of P carinii mitochondrial
DNA, which contains seven continuous gene
sequences coding for six proteins (parts of
apocytochrome b and NADH dehydrogenase
subunit I and all of subunits 2, 3, and 6 and
cytochrome oxidase subunit 11) and a
ribosomal RNA gene (the small subunit
of ribosomal RNA) have been cloned and
sequenced.'5 Similarities between derived
amino acid sequences for these six proteins and
for sequences from three fungi (Neurospora
crassa, Aspergillus nidulans, and Leishmania
tarentolae) showed that P carinii had the same
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degree of homology with the fungi as they did
with each er. An average of 60% similarlty
to the fungi was seen, the closest being to
Neurospora crassa. Protozoa were seen as a
distinct and disparate group, showing only
20% similarity.5 This study indicates
unequivocally that P hnb a greate

99mTc DTPA was shown by this study to be a
useful diagnostic test. If further studies in
larger numbers ofpatients confirm that the scan
time can be reduced to seven minutes, this
technique could provide a rapid non-invasive
screening test for pneumocystis pneumonia.

degree of homology with fungi than with GALLIUM-67 SCANNING AND INDIUM-Ill
prota LABELLED HUMAN POLYCLONAL
planning strategies for culture of the g nism IMMUNOGLOBULIN SCANNING
in vitr s. In view of Gallium-67 (67Ga) scanning has been used in
these close homologies with fungi it is interest- HIV positive patients with two distinct
ing and perhaps paradoxical that antifungal problems-firstly, in patients with dyspnoea or
drugs are ineffective. cough, or both. and normal chest radingraphs

in whom pneumocystis pneumonia is suspected
Investigation of Pneumocystis carinii and, secondly, in patients with abnormal chest
pneumonia radiographs known to have bronchopulmonary
Empirical treatment for pneumocystis iYaposi's sarcoma in whom infection is suspec-
pneumonia in patients with typical symptoms, ed iaddition. Gallium-67 is useful in this
chest radiographic abnormalities, and hypox- regard as it doesmntaccuuae in-Kaposi's
aemia16 may no longer be justifiable as sarcoma, but does accumul rous infec-
pneumocystis pneumona becomes less tive and inframmatory cond9itions.'81 The use
c rmmon in relation to bacterial infectisai technique is limited, however,
malignancy (including Kaposi's sarcoma) and by the prolonged protocol of' upto72 hours.
as prior prophylaxis may modify its presenta- Human pojycional immunoglobulin labelled
tion. Diagnosis of pneumocystis pneumonia with indium-i 11 ("'In) has been shown to
currently relies on idencation of P carinii in localise sites of infection and inflammation. In
respiratory tract samles, either broncno- rats immunosuppressed with steroid "'In
alveolar lavage fluid or induced sputum. We labelled immunoglobulin was better than 67Ga
need a good screening test to idenTify NiIV scanning for detecting pneumocystis pneu-
positive patients with respiratory symptoms monia. "'In labelled immunoglobulin scans in
who may have pneumocystis pneumonia before rats with earlv pneumonia were abnormal
bronchoscopy is performed. whereas most gallium scans remained normal;

rats with more advanced pneumonia shovmd a
TECHNETIUM-99M LABELLED more intense diffuse intrapulmonary accumula-
DIETHYLENETRIAMENEPENTA-ACETIC ACID tion with "'lIn labelled immunoglobulin than
Technetium-99m labelled diethylenetriamene- with 67Ga. In rats with bacterial or fungal
penta-acetic acid (99mTc DTPA) scanning was superinfection "'In labelled immunoglobulin
compared with other non-invasive scans showed patchy focal accumulation in
investigations including chest radiography, addition to the diffuse accumulation whereas
respiratory function tests (forced expiratory gallium scans showed no additional foal
volume in one second, forced vital capacity, changes.20
transfer factor, and carbon monoxide transfer "'In labelled immunoglobulin scanaing was
coefficient) and arterial oxygen saturation at used to i'iivse 13H positive atients
rest and during exercise in 13 HIV positive presenting with acute respiratory eDisodes.2' In
patients with pn mocys e ie w
without (12 had bronchoscopy and 10-with m a d Pieudomonas aerugznosa
bronchitis-did not; three had endobronchial peneumona)whohanost raiographs
Kaposi's sarcoma, six bacterial pneumonia, one lI- labelled immunoglobulin scans showed
tuberculosis, and three negative results in the diffuse intrapulmonary accumulation. Of eight
investigations and self limiting episodes). 99mTc patients with interstitial changes on the chest
DTPA aerosol was inhaled by patients sitting radiograph, "'In labelled immunoglobulin
in front of a gamma camera for 45 minutes scans were negative in two with pulmonary
before bronchoscopy. 17 Kaposi's sarcoma and showed diffuse intra-
There wereno significant differences between pulmonary accumulation in six with pneumo-

the two groups in terms of lung function tests cystis pneumonia. Two further patients with
or arterial blo s Lnsions at rest. inhaled pneumocystis infection (one had coinfection
99MTc DTPA had a fastermej1earance4waf- with Staphylococcus aureus), both with diffuse
time in t with pneumocystis mania interstitial and alveolar radiographic abnor-
(7 2 minutes) an in t w (22 malities, had diffuse and focal intrapulmonary
minutes). The median arterial oxygen accumulation of "'In labelled immuno-
desaturation during exercise was 5% in those globulin.
with pneumocystis pneumonia and 2% in those "'In labelled immunoglobulin like 67Ga
without. 99mTc DTPA lung clearance was scanning can distinguish between infection and
better than the other non-invasive tests in Kaposi's sarcoma, but takes less time and gives
discriminating pneumocystis pneumonia from a lower radiation dose to the patient.
other pulmonary problems; and scanning for
only seven minutes was just as specific and SPUTUM INDUCTION
sensitive for the diagnosis of pneumocystis Sputum induction is a well established
pneumonia as the longer time of 45 minutes. technique for diagnosing pneumocystis
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pneumonia22 and other infections23 in HIV
positive patients. The success rate varies
considerably and not all centres have been able
to es'talbTih-iittfiqu2 Set'e-is e-pends
on seveal factors. Selection of patients is
important; if only those with a high index of
suspicion or pneumocystis pneumonia are
studied then the yield is high."" Patients
need careful preparation an! exvcrienced
te'c nicians increase the success rate (so that
samples representative of the lower respiratory
tract are obtained).23
Adverse events have been'reported. Arterial

desaturation to 92% or less occurred and
persisted for up to 20 minutes aterthie
procedure in 11 of 20 HIV positive patients
with pneumocystis pneumonia and nine of 21
patients with other diagnoses.24 Neither the
degree of theraRdigrfic abnormality, the
alveolar-arterial oxygen gradient, nor baseline
oxygen saturation identified patients who
developed desaturation.24 Saturation fell to
below 84% less than 10 minutes after the start
of induction in two patients; the procedure was
abandoned in these two and in two others, who
developed nausea and retching. The fall in
oxygen saturation was attributed to abnor-
malities of ventilation and perfusion ratios
rather n to hypov-enilation. 'l'he absence
of desaturation seen in the control group
suggested in
patients with abnormal lungs. The persistence
of desatfor 0 minutes after jbe
proc ioceds,
such as exercise testing, are to be carried out
soon after spu tion.

TECHNIQUES TO INCREASE THE DIAGNOSTIC
YIELD FOR PNEUMOCYSTIS CARINII FROM
INDUCED SPUTUM AND BRONCHOALVEOLAR
LAVAGE FLUID
Monoclonal antibodies
Several monoclonal antibodies specific for
P carinii are now available. Some recognise
cysts (R13/3G4-6, 5E12) and others both cysts
and trophozoites (2E3, 3FB, 2G2). Used in
immunofluorescence tests, either singly or in
cocktails, these antibodies have proved to be
powerful diagnostic tools. Ng et al compared
Grocott-Gomori, toluidine blue-O, Diff-Quick
(a Giemsa like stain), and immunofluorescence
tests on 182 specimens (128 of induced sputum
and 56 of bronchoalveolar lavage fluid, one
transbronchial biopsy specimen, and one open
lung biopsy specimen). Use of indirect fluores-
cence antibodies (IFA) was better than all four
conventional stains. P carinii was detected by
IFA in 17 cases where the four other stains gave
a negative result.25

Several diagnostic kits incorporating
different monoclo 'bodies are

commercially available. Use of e ts
increases the sensitivity and specificity of
induced sputum or bronchoalveolar lavage fluid
for diagnosis and reduces the time spent by staff
scanning samples. Grocott staining may mis-
identify Histop s
coccus neoformans as Pneumocystis carinii,
whereas immunofluorescence tests sub-
stantially reduce this risk.26

DNA amplification
Bronchoalveolar lavage fluid Silver staining
and DNA amplification were compared for the
diagnosis of Pneumocystis carinii in 37
immunosuppressed patients (33 of whom
were HIV positive) presenting with acute
respiratory episodes.9 DNA amplification with
ethidium bromide staining detected P carinii
DNA inai stain
positive. In six other patients, with negative
silver stains, whose presentation and chest
radiographs were typical of pneumocystis
pneumonia DNA amplification gave a positive
result in four; the other two patients were
thought to have non-specific or lymphocytic
pneumonitis.
Induced sputum DNA amplification and silver
staining were used with bronchoalveolar lavage
fluid and oducedspumdof
respiratory illness in 47 HIV positive
patients.'0 Silver staining gave a positive result
in 14 (70%) bronchoalveolar lavage specimens
and only seven (35%) induced sputum
samples, whereas DNA amplification with
ethidium bromide staining was positive in 19
(95%) lavage samples and 18 (90%) induced
sputum samples. Interestingly, DNA amplifi-
cation gave a positive result for several
ind at were
"inaate' as they containedondyorai and
pharyngeal debris that was silver stain
negative. This raises the possibility that DNA
amplification applied to saliva may provide a
means of diagnosing P carinii pneumonia.

Treatment ofPneumocystis carinii
pneumonia
Intravenous high dose co-trimoxazole remains
the "gold standard" treatment for pneumo-
cystis pneumonia. Conventionally used doses
of co-trimoxazole (sulphamethoxazole 100 mg
and trimethoprim 20 mg/kg a day) m e
excessive. A study has shown that dose reduc-
tion to 75% of conventional doses, to maintain
serum nrimeloprim wgl was
associated with a be'ter txicty profile but no
reduction ineffica
with co-trinrxixazole, dapsone-trimethoprim,
and the substituted naphthaquinolone BW566
have been shown to be effective in mild cases
whereas routine use of high dose adjunctive
glucocorticoids, in addition to parenteral anti-
pneumocystis treatment, is now advocated for
severe episodes.
The criteria used to stratify cases into mild,

moderate, and severe Pneumocystis carinii
pneumonia are shown in table 1 and
appropriate treatment is shown in table 2.

THERAPY FOR PNEUMONIA OF MILD TO

MODERATE SEVERITY
Dapsone-trimethoprim
A double blind study of 60 patients with a first
episode of pneumocystis pneumonia (mild to

moderate) compared 21 days' oral treatment
with trimethoprim-sulphamethoxazole (20/
100 mg/kg a day) with trimethoprim-dapsone
(20 mg/kg a day and 100 mg a day).28

Oral treatment failed because of progressive
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Table 1 Grading of severity of Pneumocystis carinii pneumonia

Mild Moderate Severe

Symptoms and Increasing exertional Dyspnoea on minimal Dyspnoea at rest, tachypnoea at rest,
signs dyspnoea with or exertion, occasional persistent fever, cough

without cough and dyspnoea at rest,
sweats fever with or without

sweats

Blood gas tensions Pao2normal, Sao2 Pao2 8 1-11 kPa Pao2 < 80 kPa
(room air) falling on exercise

Chest radiograph Normal or minor Diffuse interstitial Extensive interstitial shadowing
perihilar shadowing shadowing with or without diffuse alveolar

shadowing ("white out") sparing
costophrenic angles and apices

Pao2-partial pressure of oxygen; Sao,-arterial oxygen saturation, measured with a transcutaneous oximeter.

Table 2 Treatment of Pneumocystis carinii pneumonia

Mild and
moderate Severe

Co-trimoxazole:
Intravenous V V
Oral x

Dapsone-trimethoprim, oral x
Pentamidine:

Intravenous V V
Nebulised x

Clindamycin-primaquine x
BW566 x
Glucocorticoids x

-/Treatment feasible; x -treatment with this drug not
shown to be effective, or data to support its use not
available.
For definitions of mild, moderate, and severe see table 1.

pneumonitis in only three of 30 patients given
trimethoprim-sulphamethoxazole and in only
two of 30 given trimethoprim-dapsone. Major
side effects necessitated a change to intravenous
pentamidine in 17 treated with trimethoprim-
sulphamethoxazole and only nine treated with
trimethoprim-dapsone. Severe biochemical
hepatitis occurred in six and severe
neutropenia in five given trimethoprim-
sulphamethoxazole and in one each receiving
dapsone-trimethoprim; rash and nausea and
vomiting occurred with equal frequency in
the two treatment groups. Asymptomatic
methaemoglobinaemia occurred in most
patients receiving trimethoprim-dapsone,
reaching 20% in only one patient; mild hyper-
kalaemia (5- 1-61 mmol/l) occurred in 16 of the
patients treated with dapsone-trimethoprim.

In this study the two oral treatments
appeared equally effective for the treatment of
mild to moderate pneumocystis pneumonia,
dapsone-trimethoprim being better tolerated.
This combination is now widely used in both
North America and the United Kingdom for
the treatment of mild to moderate pneumo-
cystis pneumonia.

BW566
The AIDS Clinical Trials Group (ACTG)
protocol 167 compared oral BW566 at a dose of
750 mg three times daily with oral co-
trimoxazole (sulphamethoxazole 1600 mg and
trimethoprim 320 mg-that is, 75% of
conventionally used doses) three times daily
for 21 days in 408 patients with mild to
moderate pneumocystis pneumonia; 322 had

cytologically confirmed disease and 86 had a
clinical diagnosis (13th ACTG meeting,
Washington, December 1991; unpublished
data).
One hundred and sixty patients received

BW566 (114 of whom had mild disease) and
162 received co-trimoxazole (115 had mild
disease). Response rates were identical at
60% (96 responders to BW566 and 98 to co-
trimoxazole). Toxicity occurred in 11 patients
receiving BW566 and 31 receiving co-
trimoxazole. Abnormalities in liver function
tests occurred in 7 5% of those receiving co-
trimoxazole versus 0 5% of those receiving
BW566, rash in 7% versus 3%, and nausea or
vomiting in 6-5% versus 1%. The drug fever
(5%) and leucopenia (3%) seen with co-
trimoxazole did not occur with BW566. This
study showed that BW566 had a better toxicity
profile than co-trimoxazole while showing
equal efficacy.

Other second line drugs
Other second line drugs that have shown
efficacy in the treatment of pneumocystis
pneumonia, including piritrexin, trimetrexate-
folinic acid, and clindamycin-primaquine,
have not gained widespread use; there are few
data comparing them with high dose co-
trimoxazole or intravenous pentamidine.

TREATMENT FOR SEVERE PNEUMONIA
Glucocorticoids
Some clinicians have suggested that anti-
pneumocystis treatment may cause an initial
rapid acceleration ofintrapulmonary inflamma-
tion.Fu
are often seen in the first three to five days of
treatment, even in patients with mild disease at
presentation.2930 Possibly the death ofP carinii
organisms exacerbates intrapulmonary inflam-
mation.0 If this is so, beneficial effects of
corticosteroids might be expected if they are
begun before further lung inflammation has
occurred.

Adjunctive treatment with corticosteroids
for severe AIDS associated Pneumocystis
carinii pneumonia was initially advocated as a
means of preventing death in patients who
developed respiratory failure.29 Others
believed that corticosteroids were contra-
indicated because other life threatening
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opportunist infections would increase and
Kaposi's sarcoma would spread more rapidly.
In May 1990 the United States National
Institutes of Health convened a consensus
panel that reviewed data from five randomised
trials.3' In four studies steroids were part of
initial treatment and in the fifth study they were
added only when treatment failed. One study
was larger32 and so was given greater weight
and the other studies were used to support or
contrast with data from this study. The details
of the studies are given in table 3.

Study 1 The Californian Collaborative
Treatment Group study enrolled patients with
proved (n = 220) or presumed (n = 31)
pneumocystis pneumonia in an open, random-
ised study. Entry criteria were a hypoxaemia
ratio (the ratio of arterial oxygen pressure to the
fraction of inspired oxygen) of 75 or more and
treatment for pneumocystis pneumonia of up
to 36 hours. Prednisolone was started at 40 mg
twice daily and continued at reducing doses for
21 days. Three end points-failure of oxygena-
tion (a hypoxaemia ratio below 75), the use of
mechanical ventilation, and death-were
reduced by half in those receiving cortico-
steroids. In patients who had the lowest levels
of oxygenation overall mortality after 31 days
was reduced from 43% to 19%. Them f
action appeared to e prevention of further
decline in oxygenation during the first three
days of treatment. Adverse effects of cortico-
steroids included higher rates of oral
candidiasis and herpes simplex infection.

Study 2 This was an open, randomised study
that compared adjunctive intravenous methyl-
prednisolone (0-5 mg/kg four times daily for 10
days) with standard treatment alone for a first
episode of pneumocystis pneumonia. Patients
had an arterial oxygen pressure (Pao2) of less

than 67-5 mm Hg (9 0 kPa) or a carbon dioxide
pressure (Paco2) of less than 30 mmHg
(4 0 kPa) at rest and had been having anti-
pneumocystis treatment for up to 24 hours.
Fifty three patients had been studied by the
time of the National Institutes of Health
consensus meeting, when this study was
terminated. Gastrointestinal haemorrhage and
two episodes of acute psychosis occurred in the
group treated with steroid. There were two
deaths (7%) in those given steroids and eight
deaths (32%) in those receiving standard treat-
ment alone.

Study 333 This was a randomised, double
blind study which compared reducing doses of
intravenous methylprednisolone (beginning
with 60 mg every six hours for eight days) with
standard treatment alone. Patients were
enrolled if their Pao2 was less than 51 mm Hg
(6-8 kPa). Eleven patients were enrolled within
48 hours of starting antipneumocystis treat-
ment, and 30 others entered after 48 hours. In
the 41 patients enrolled (19 received steroids
and 22 placebo) no benefit in survival after
21 and 51 days was found. There were no
differences in arterial oxygen pressure or
radiographic appearances between those
receiving steroid and placebo. Three oppor-
tunist infections occurred in patients taking
steroid.

Study 434 This randomised, double blind,
placebo controlled study enrolled 38 patients
who had either an oxygen saturation of85-90%
at rest or a 5% fall in oxygen saturation on
exercise. Prednisolone (60 mg daily) or placebo
was given for 21 days, beginning within 48
hours of the start of antipneumocystis treat-
ment. In 42% of patients given placebo and 6%
of those given prednisolone deterioration in
oxygenation reached the study end point (a

Table 3 Studies of adjunctive corticosteroid treatment in Pneumocystis carinii pneumonia
j31~~~ ~ ~~~~~~~33 4,

No of patients

Randomised

Placebo controlled

Oxygenation entry criteria

251

Yes

No

Hypoxaemia
ratio >75

53

Yes

No

Pao2 < 9 kPa (air)

41

Yes

Yes

Pao2 < 6 8 kPa (air)

,J144Y3
38

Yes

Yes

Sao, 85-90% on air
or 5% decrease
on exercise

23

Yes

Yes

Pao2 < 10 kPa at Fio2
= 35%

Maximum interval
between initiation of
antipneumocystis drug
and corticosteroid
(hours)

Corticosteroid treatment:
Drug (route)
Initial dose

Duration (days)

36

Prednisolone (oral)
40mg bd

21

24

Methylprednisolone
(IV) 0-5 mg/kg qds

10

Unlimited

Methylprednisolone
(IV) 60 mg qds

8

48

Prednisolone (oral)
60 mg daily

21

72

Methylprednisolone
(IV) 40 mg qds

7-10

Outcome (°/.. given corticosteroid v % given no steroid):
Death 14/29 7/32 31/37 6/10 25/82

IPPV 15/33 11/44 NA NA 25/82

Subsequent fall in 17/37 NA NA NA NA

oxygenation

IPPV-intcrmittcnt positive pressure ventilation; bd-twice daily; Pao2-arterial oxygen tension; qds-four times daily; NA-not available; Sao2-

arterial oxygen saturation; Fio2-fractional inspired oxygen.

310

332 4 33 5 -1

1 31zStudv:

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.47.4.305 on 1 A

pril 1992. D
ow

nloaded from
 

http://thorax.bmj.com/


Pneumocystis carinii pneumonia

10% decrease in oxygen saturation). Patients of prednisolone by mouth and reduced to zero
initially treated with adjunctive prednisolone over 10 days.
also had longlasting improvements in exercise
tolerance.

Study 535 This randomised, double blind
study compared 40 mg of methylprednisolone
every six hours with placebo for seven to 10
days in patients with severe pneumocystis
pneumonia (defined by a respiratory rate of
more than 30/min, an alveolar arterial gradient
ofmore than 30mm Hg (4-0 kPa), and a Pao2 of
less than 75 mm Hg (10-0 kPa) with 35%
oxygen but higher than 60 mm Hg (8-0 kPa)
with 100% oxygen). Steroids were started
within 72 hours of initial antipneumocystis
treatment. The study was stopped after 23
patients had been enrolled, because nine of the
12 patients taking steroid survived until hos-
pital discharge but only two of the 11 receiving
placebo did.

The conclusions of the consensus panel were
that adjunctive corticosteroid treatment clearl
reduce , respiratory
faiure, or deterioration in-oxyRgenation in
patients with moderate to severe pneumocystis
pneumonia. Only one study (study 3) did not
show benefit and this differed in that it allowed
late corticosteroid treatment (that is, rescue
treatment) whenever respiratory failure
occurred and most of the patients re;eived
corticosteroid treatment more than 72 hours
after specific antipneurnocystis treatment had
beenstarted. The panel suggested, firstly, that
adjunctive steroids should be given to all
patients who presented with a Pao2 of 70
mm Hg (8 3kPa)nr less or an alveolar-arterial
oxygen gradient of more than 35 mm Hg (4 7
kPa). The panel also felt that those patients
with mild hypoxaemia (Pao2 above
70 mm Hg-9K K'a) t also benefit from
stQids, though it would be difficult to show
this benefit as there was a good outcome in this
group anyway. The panel suggested, secondly,
that adjunctive glucocorticoid treatment
should begin at the start of specific anti-
pneumocystis treatment. In some patients this
would be on a presumptive diagnosis of
pneumocystis pneumonia and clearly there was
a need to confirm the diagnosis rapidly in these
circumstances. Thirdly, it was suggested that
prednisolone 40 mg twice daily should be used
for the first five days, reducing to 40 mg on'e
daily for the sixth to the 10th day and then
20 mg daily for the 11th to the 9ays.
ruternaiveuy sntraveous methylprednisolone
at 75% of the above doses was suggested. The
panel emphasised that these regimens might
not be better than others that had been
reported.

In the United Kingdom a regimen common-
ly used is to give 1 g of methylprednisolone
intravenously on three consecutive days with-
out tapering the dose. In those responding to

EFLORNITHINE FOR SALVAGE TREATMENT
Thirty one patients with pneumocystis
pneumonia (first episode in 27 patients and
second episode in four) who had failed to
respond to treatment with pentamidine, co-
trimoxazole, or both were treated with
eflornithine at a dose of 400 mg/kg a day
ti-rnnously in divided doses. Twenty one of
the 31 patients (68%) responded.36 Failure of
response to co-trimoxazole or pentamidine was
defined as three or more of the following:
(1) Pao2 below 9-0 kPa with the patient breath-
ing air; (2) an increasing respiratory rate; (3) a
deteriorating chest radiograph; (4) persistent
fever after at least four days of treatment.
Response to eflornithine was defined as survival
to discharge with an improved chest radio-
graph and a normal respiratory rate and arterial
blood gases during the breathing of air with no
fever. Of the 31 patients receiving eflornithine,
21 survived and 10 died. Three ofthe survivors
also received methylprednisolone, as did two of
those who died. All three patients who were
ventilated and received eflornithine died.
Adverse reactions included bone marrow sup-
pression in 15 patients, severe enough in five to
require discontinuation of the drug. Sixteen
patients had infusion phlebitis. One patient
had an early relapse (within one month) despite
instigation of secondary prophylaxis.

CONTINUOUS POSITIVE AIRWAYS PRESSURE
VENTILATION
Continuous positive airways pressure ventila-
tion by either nasal mask or face mask is used
as a means of improving oxygenation in
hypoxaemic patients with pneumocystis
pneumonia. It acts, as in other conditions, by
improving ventilation-perfusion relationships
witin the lungs, probably y nolding narrow,
poorly compliant airways open.37 In patients
with deteriorating arterial oxygen tensions con-

Finuous positive airways pressure ventilation
via face mask improves oxygenation and "buys
time"whilecttimiebialdaIsand
also ables discussion about whether to
tinue treatment to be undertaken with the
patient and next of kin.37

Prophylaxis ofPneumocystis carinii
pneumonia
In 1989 the United States Centres for Disease
Control made recommendations for the
primary and secondary prophylaxis of
Pneumocystis carinii pneumonia. These were

that primary prophylaxis should be given to
HIV positive patients with CD4 (T helper
lymphocyte) counts below 0 2 x 106/1 or to
HIV positive patients with persistent, un-

explained fever or oral candidiasis irrespective
of their CD4 count.38 Secondary prophylaxis
should be given to all HIV positive patients
after an episode ofpneumocystis pneumonia. It
was suggested at the time that prophylaxis
should be with either oral co-trimoxazole 960
mg daily or nebulised pentamidine. The data

this regimen no rebound deterioration has been
reported.29 In patients showing only a partial
response further doses may be beneficial-0*5 g
methylprednisorone may be given for four
days, with the dose tapered thereafter to 40 mg
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were insufficient at that time to support alter-
native regimens such as the use of dapsone,
dapsone and trimethoprim, Fansidar (sul-
fadoxine and pyrimethamine), or intermittent
intravenous pentamidine.
The dose of pentamidine suggested was 300

mg of pentamidine isethionate given once a
month via a Respirgard II nebuliser. The basis
for this dosage came r en Francisco
Community Group prophylaxis trial.39 This
trial recruited 8 patients for sec dary pro-
phylaxis. wetomisdto reeive
30 or 150 mg of pentamidine once a fortnight,
or 300 mg once a month. All patients received
pentamidine via a Respirgard II nebuliser.
Eighteen months after randomisation there had
beeoy22 neeofpn st eunnia
in the group treated with 30 mg ofpentamidine
and 16 in those treated with 150 mg fortnightly,
and in those treated with 300 mg once a month
only eight patients had relapsed. The difference
in relapse rate between those receiving 30 mg
fortnightly and those receiving 300 mg
monthly was significant.
At the 13th AIDS Clinical Trials Group

meeting in Washington in December 1991 the
results of protocol 021 were presented in
advance of publication. This protocol looked at
secondary prophylaxis and compared co-
trimoxazole 960 mg once a day with nebulised
pentamidine 300 mg once a month via a
Respirgard II nebuliser in 310 patients, who
were all receiving zidovudine. The study
design was such that patients who were in-
tolerant to either treatment were automatically
switched to the alternative for ongoing pro-
phylaxis.:lpatients we.rerutd. df
weeks of an episode of pneumocystis pneu-
monia and all had received less than two weeks
of alternative prophylaxis before entering the
study. Some patients who had previously re-
acted adversely to high dose co-trimoxazole
were also included. The end point of the study
was time to relapse of pneumocystis pneu-
monia, time to development ofextrapulmonary
pneumocystosis (both cytologically confirmed),
or survival time. Of the 310 patients recruited,
154 received co-trimoxazole and 156 received
nebulised pentamidine. When the study ended
there had been 50 relapse the. gruP
trea -trimoxazole and 36 in
the group receiving nebuisepnm dine.
Seven of the 14 patients in the co-trimoxazole
arm had changed treatment because of adverse
reactions to co-trimoxazole and so were taking
nebulised pentamidine when they relapsed.
Reanalysis of the data according to the drug
that patients were taking at the time of relapse
showed that seven patients were receiving co-
trimoxazole and 43 were receiving nebulised
pentamidine. In addition, the relapses that
occurred were seen earlier in those receiving
nebulised pentamidine. Mortality in the two
groups was similar: 43 patients in the co-
trimoxazole arm died and 47 in the nebulised
pentamidine arm. Five ofthese deaths were due
to pneumocystis pneumonia (three patients
were having co-trimoxazole and two penta-
midine). Change of treatment was due to

haematological or dermatological toxicity. The

study showed that there was no increase in
zidovudine toxicity caused by simultaneous
treatment with co-trimoxazole at a dose of 960
mg daily. Furthermore, patients who had had
adverse reactions to high dose co-trimoxazole
for treatment of pneumocystis pneumonia did
not have increased side effects while taking the
drug at a lower dose for prophylaxis.
Some prophylaxis against cerebral toxoplas-

mosis in those patients VXX&_ying...co-
trimoxazole was also apparent from this study.
Te n lle in
the study, six in the group originally treated
with co-trimoxazole and four in those receiving
nebulised pentamidine. At the time the toxo-
plasmosis developed only one patient was
receiving co-trimoxazole; five other patients
had changed to nebulised pentamidine because
of co-trimoxazole toxicity, so that nine patients
with toxoplasmosis were receiving nebulised
pentamidine at the time of presentation. There
was an equal incidence of bacterial infections in
the two groups, but bacterial infections
occurred earlier in the patients treated with
nebulised pentamidine.
On the basis of this study the United States

Public Health Service Task Force on AIDS
recommended co-trimoxazole 960 mg daily for
first line primagl secndary prophylaxis at
the end of 1991. on y neui
pentamidine was recommended as second line
treatment, to be reserved for patients intolerant
to the first line treatment. The task force
considered that the data were insufficient to
support the use of alternative regimens, though
they acknowledged that drugs such as dapsone,
with or without trimethoprim, were widely
used for both primary and secondary
prophylaxis.

Other concerns have been- raised about the
use of nebulised pentamidine for prophylaxis
of pneumocystis pneumonia. Firstly, there are
several reportsofaou
in health care ,_rr
supervising patients receiving nebulised
pentamidine; these adverse reactions include
circumoral paraesthesia, bronchospasm, and
gough.4I In addition, a progressive decline in
the transfer factor for carbon monoxide has
been reported in a respirator function
technician who worked in a room adjacent to
the one used for nebulising pentamidine.4'
Yet serial transfer factor measurements in
patients having nebulised pentamidine show
no sequential decline. These problems may be
reduced by ensuring that nebulisation occurs in
an isolated area,pre y in a dedicated r
with an extra fan, , once
instructed in the technique, are allowed to
nebulise pentamidine in their own home.

In areas of high prevalence of tuberculosis
there is concern that nebulisation may increase
the risk of the socomial transmission of
tuberculosis becau ringee
procedure, thus g ting droplet aerosol that
is dispersed into the environment.
As this form of prophylaxis is not systemic

and there is minimal or no systemic absorption
of the drug there is a risk that it may not

suppress the development of extrapulmonary
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pneumocystosis. In the largest reported series
of patients with extrapulmonary pneumo-
cystosis seven of the eight patients had
received prior prophylaxis with nebulised
pentamidine.42

Concerns have been expressed about the
long term toxicity to the lungs of patients
receiving this drug by the aerosol route. When
used for nebulisation in water pentamidine is
supersaturated, acidic, and hypo-osmoiar.43
There are reports of the drug crystallising out
wiRthin the lung,' inducing a granulomatous
response,18 or being associated with apical
bullous change and accelerated emphysema.45
Compliance with long term treatment with

nebulised pentamidine is also thougt to be
poor.-" ln a study of primary and secondary
-prophylaxis for pneumocystis pneumonia with
nebulised pentamidine at a dose of 150 mg
fortnightly compliance (defined as attendance
within three days of the prescribed date for
treatment) was only 23%.' This study did not
compare the compliance rate with that of
patients receiving co-trimoxazole, dapsone, or
Fansidar.

EFFECTS OF NEBULISED PENTAMIDINE ON THE
DIAGNOSTIC YIELD FROM BRONCHOALVEOLAR
LAVAGE FLUID AND INDUCED SPUTUM
A retrospective study of52 patients undergoing
fibreoptic bronchoscopy to diagnose
pneumocystis pneumonia analysed the yield
from lavage in those who had and had not
received prior nebulised pentamidine prophy-
laxis. Twehtty-M-patients- ior
nebulised pentamidine.47 The yield oT
pneumocystsis from bronchoalveolar lavage
fluid was in these patients and 100% in
the 31 pareceived prior
nebuisecd pentamine. 1ransronchial biopsy
specimens were positive for P carinii in 13
of 16 patients (81%) who had received prior
ne _d ine and in 16 of 19 patients
(e4g) who had not. Five clumps of P carinii

de were seen on average for those who
had received prior nebulised pentamidine and
20 for those with no prior prophylaxis with
pentamidine.47
This study also compared the radiographic

appearances in those patients who had received
prior nebulised pentamidine and in those who
had not. Radiographic changes were "typical"
in 28 patients (90%) who had not received prior
pentamidine but in only 11 (52%) who had
received pentamidine. Two patients (7%) with
no prior prophylaxis and eight patients (38%)
who had received pentamidine had predomin-
antly upper lobe infiltrates. In addition, cystic
changes were seen in five patients receiving
prior prophylaxis and in only one patient
with no prior prophylaxis; two patients who
presented with pneumothorax had received
pentamidine. The authors concluded that
nebulised pentamidine prophylaxis reduced
the diagnostic yieId irom bronchoalveolar
lavage and increased the frequency of atypical
radiographic appearances.
A retrospective analysis was carried out on

the results of 348 induced sputum-procedures
performed during the itial invesgations tor

possible pneumocystis pneumonia in a mixed
population of HIV positive adults and chil-
dren. Twenty nine patients were excluded as
they were having prophylaxis with oral or
intravenous regimens. Of the remaining 319
patients, 126 were receiving prophylaxis with
nebulised pentamidine prophylaxis at the time
of the sputum induction and 193 patients were
receiving no prophylaxis at the time of the
procedure.48 Seventy two of the 319 episodes
were ultimately found to be due to pneumo-
cystis pneumonia, on the basis of sputum
induction in 54, bronchoalveolar lavage in 16,
percutaneous lung biopsy in one, and necropsy
in one. Of these 72 episodes, 44 occurred in
patients receiving no prophylaxis and 28 in
patients receiving prior prophylaxis with
nebulised pentamidine. These two groups were
similar in age, duration of symptoms, and
arterial-alveolar oxygen gradient at the time of
sputum induction. The mean CD4 counts were
significantly lower (0-2 x 106/1) in those who had
received prior nebulised pentamidine than in
those with no prior prophylaxis (0-68 x 106/1).48

Five patients receiving no prophylaxis failed
to produce a-sample otsputum. Thirty six of
the remaining 39 patients (92%) produced a
samp positive for P carinii, compared with
only 18 of 28 patients (64%) who had received
prior nebulised pentamidine. In those patients
who had received no prior prophylaxis chest
radiographs were normal or typical in 65%;
showed upper lobe predominance ot intiltrare in
14%; and showed other appearances, including
f6cal (but not upper lobe) changes or cystic or
cavitary abnormalities, in 2%. In those who
had received prior nebulised pentamidine
radi(graphs were normal or typical of pneu-
mocystis pneumonia in 41% and showed upper
lobe predominance of infiltrates in 37% and
focal or cystic-cavitary changes in 22%. The
conclusions of this study were that there was a
significant reduction in the yield from induced
sputum for the diagnosis of pneumocystiis
pneumonia in patients who had received prior
pentamidine and in this group a larger propor-
tion of patients had upper lobe predominance
of infiltrates on the chest radiograph.48

Conclusions
The techniques of molecular biology have
already begun to change much of our
understanding of the basic biology and life
cycle ofP carinii. Application of the technique
of DNA amplification to specimens of
bronchoalveolar lavage fluid and induced
sputum have been shown to give a significantly
better yield from these specimens for the
diagnosis of pneumocystis infection than
conventional silver staining. Possibly in the
future even less "invasive" samples, such as
saliva, will be used to diagnose pneumocystis
pneumonia.

Patients with mild to moderate pneumonia
may be given oral treatment. Dapsone-
trimethoprim appears to be as effective as oral
co-trimoxazole and better tolerated by
patients. The new agent BW566 also appears
promising, with efficacy similar to that of co-
trimoxazole and with a better toxicity profile.
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Glucocorticoid treatment is now well estab-
lished for patients with severe pneumocystis
pneumonia and should be offered to all patients
with suspected or proved pneumocystis
pneumonia who have an arterial oxygen tension
of 8-0 kPa or less in addition to parenteral co-
trimoxazole or pentamidine. Primary prophy-
laxis for pneumocystis infection should be
offered to HIV positive patients with CD4
counts below 02 x 106/1 and to those with
unexplained persistent fever or oral candidiasis
regardless of their CD4 count; and secondary
prophylaxis should be offered to all patients
after an episode of pneumocystis pneumonia.
The prophylactic agent of choice is daily oral
co-trimoxazole.
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