
combined immunodeficiency (1). With the advent of the
AIDS epidemic, PCP has increased in incidence and in
importance, reflecting its place as the majoropportunistic
infection of the HW-iniected individual (2). It has been
estimated that about 80% of AIDS patients experience PCP
at some point in their illness (3). In addition to the intro
ductionofzidovudine andother therapeuticagents enhanc
ing survival of AIDS patients, earlier PCP diagnosis prob
ably plays an importantrole in the successful management
of this opportunisticinfection, since earlierdiagnosis leads
to specific anti-PCPtherapywhen the patient is less ill and
more likely to respond favorably. Increased survival of
AIDS patients is likely attributable to the improved man
agement of PCP as well.

The past decade has seen a number of tests and diag
nostic modalities developed and examined in an attempt to
gain reliable and specific measures beyond chest radiogra
phy andarterialoxygen tension to diagnose pneumoniadue
to P. carinii organisms. Early in the AIDS epidemic, bron
choscopy with biopsy or bronchoalveolar lavage (BAL),
and occasionally open-lung biopsy, were undertaken to
obtain materialfromwhich a definitive cytological diagno
sis could be made (4). These methods, however, were
attended by increased patient risk, pain and expense.
Hence, there has been a search for noninvasive proce
dures, including gallium scans and pulmonary function
tests. Unfortunately, the latter approaches lack specificity,
since other pulmonary inflammatory processes also dem
onstrate abnormalities (3â€”6).Ultimately, the diagnosis of
PCP rests upon demonstration of the organism in pulmo
nary secretions or tissues. Although bronchoscopy with
BAL (which can include transbronchial biopsy) is the stan
dard method for securing samples for cytological analysis,
sputum can be induced from AIDS patients, and by means
of special stains, about 55% or more of patients can be
diagnosed by this noninvasive test (7,8). The development
of monoclonal antibodies (Mabs) against P. carinÃ¼has
improved the sensitivity and specificity of sputum cytology
(9). However, much skill is required for effective sputum
acquisition, processing and interpretation.

The diagnosisof Pneumocystiscaririiipneumonia(PCP)cur
rently relies upon cytologicaldemonstrationof the organism in
sputum or bronchoscopyspecimens.The purposeof this study
was to develop a radiolabeled monoclonal anlibody (Mab)
against Pneurnocystiscarinll (P. carinll) and to evaluate its use
forimagingPCP.Methods:Westudied16 HIV-infectedpatients
withpneumoniainorderto evaluatea newMab-baSedimaging
method for diagnosing PCP. Most patients were managed for
opportunisticpneumonia associatedwith AIDS, including stan
dardcytologicaltests,and,inallcases,intensivechemotherapy.
Prior to the clinicalstudy,the Mab raisedto P. carinllwas shown
to reactwithhumanP.cariniibutnotwithratP.carinllorhuman
white blood cells. Results: After labeling a 1-mg Mab Fab'
fragmentwith30mCiof@â€•Tc,thepresenceorabsenceofPCP
couldbeconfirmedinsixof sevenor sevenof eightassessable
patients, respectively, by external photoscanningwithin 24 hr.
This showsa sensitMtyof 85.7%and a specificityof 86.7%.
Conclusion:OurfindingssuggestthatPCPcanbediagnosed
by a noninvasive imaging method employing a small dose of a

@ Mabshowingspecfficftyfor the infec@ousorgan
ism,sincepatientswithP.cannii.freepneumoniawerecorrectly
negativein 87.5% of cases. Rapiddiagnosisand organ-iocaliza
tion of other infectious lesions with organism-specific,radiola
baled Mabs may be feasible.
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neumocystis carmniiis a ubiquitous human commensal
organism affecting immunocompromisedindividuals, such
as those with acquired immunodeficiency disease syn
drome (AIDS), transplant recipients, patients receiving cy
totoxic chemotherapy, malnourished newborns and infants
with hypogammaglobulinemia,thymic dysplasia or severe
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Thereis, therefore,anunderstandableneedto developa
rapid, safe, specific, noninvasive test for PCP, which is the
subject of this study. Past research in cancer imaging with
radiolabeled antibodies made against tumor antigens or
â€œmarkersâ€•hasindicatedthattumorscanbeimagedby the
radioimmunopharmaceutical(10,11). We reporttheresults
of a series of 16 HIV-infected patients evaluated for PCP in
whom the value of a radiolabeled anti-P. carinii Mab for
disclosing P. carinii infection by external scanning meth
ods was appraised.

MATERIALS AND METhODS

HumanP. carinii isolatedfromthe lungsofa patientwith AIDS
was used to immunize CB6F1/J mice (Jackson Laboratories, Bar
Harbor, ME), and when the mice were in the log phase of anti
body production (as analyzed by immunoblotting), they were
injected intraperitoneally with the antigen preparations for 3 days
prior to fusion. Spleen cells from the mice were fused with the

nonimmunoglobulin-producingmyeloma cell line, P3-X63/
Ag8.653 (BALB/c origin), and hybrids selected according to con
ventional methods. Resultinghybridomaswere screened for P.
carinll reactivity by an immunoblotting procedure described pre
viously (12). Hybrids which demonstrated reactivity against P.
carinii were dilution-cloned twice and injected into mice for pro
duction of ascites fluid. Ofthe six clones determined to be reactive
with P. carinii, one was an IgG1@, designated 7C5 and was se
lected for further development.

Surface reactivity of the 7C5 Mab against humanized P. carinii
was determined by indirect immunofluorescence methods. Reac
tivity to specific P. carinii antigens derived from human and rat
isolates was determined by immunoblotting. The Mab 7C5 was
screened for crossreactivity by dot-blot and/or immunofluores
cence with the following organisms: Escherichia coli, Staphylo
coccus aureus, Mycobacterium tuberculosis, Mycobactenwn
avium-intracellulare, Candida albicans, Ctyptococcus neofor
mans, Micmspontm canis, Trichophyton mentagrophytes, As
peigillus fumigatus, Histoplasma capsulatum, Blastomyces det
matitidLiandLeishmaniasp.

Flow cytometry (Beckon Dickinson FACScan, Mountainview,
CA)was usedto assessthereactivityof 7C5withnormalhuman
whitebloodcellsfroma healthydonor.Afterincubationat 4Â°Cfor
30 mm and washing, the cells were incubatedwith fluorescein
conjugated goat antimouse IgG and analyzed in gated windows to
examine reactivity with granulocytes, lymphocytesand mono
cytes in comparisonto knownpositiveand negativecontrolanti
bodies. No reactivity was found.

Mab 7C5 was purifiedfrom mouse ascites of pristane-primed
BALB/c mice (Harlan, Indianapolis, IN) using Protein A (Repli
gen, Cambridge, MA) and 5-Sepharose (Pharmacia, Piscataway,
NJ) chromatography. The purity of the 7C5 preparation was con
firmed by SDS-PAGE under reducing and nonreducing condi

tions, size-exclusion high-pressure liquid chromatography
(HPLC) (Zorbax GF-250; MacMod, Chadds Ford, PA), and by
immunoelectrophoresis. The whole IgG preparation was sterile,
pyrogen-free by the Lymulus lysate test (QCL-100; Whittaker,
Walkersville, MD), general safety tested according to the Code of
Federal Regulations' Chapter 21, Part 610.12, and free of murine
viruses by mouse antibody production testing. The whole IgG was
subsequently digested with pepsin, and purified by Protein A and
ultrafiltration(AmiconYM3O;Danvers, MA). The F(ab')2frag

ments were reduced to Fab' fragments and then formulated for
direct labeling with 9@Tc (13). The formulated product was
stored in 1.0-mg aliquots (0.75 ml) in the vapor phase of liquid
nitrogen. Immediately prior to the addition of @â€œTc-pertechne
tate, a vial was thawed at room temperature, and approximately
30â€”40mCiof@â€•TcO4(Medi-Physics,Livingston,NJ)was added
in 1.0â€”1.2ml. After 15â€”30mm, the material was ready for injec
tion. Quality assurance on each @â€œTc-labeledproduct included
HPLC, instant thin-layer chromatography (ITLC) for the detec
tion of unbound @â€˜@â€˜Tcand colloid and tests for sterility and
pyrogenicity. All labeled products were shown to be sterile and
pyrogen-free.

Instead of determining the antibody's immunoreactivity by
quantitative tests, the postlabeled reactivity with the P. carinÃ¼
epitope was compared after @â€œTclabeling to that of an
labeled antibody preparation by Western blot analysis, using
SDS-PAGEminigeltransferredto mitrocellulosestrips.Iodine
125-labeling was performed by the chloramine-T method to a
specific activity of 10 mCi/mg (14). The strips were dried and
exposed overnight at â€”80Â°Cto Kodak Xomat AR film with a
single intensifying screen.

HN-infected patients presenting with clinical signs and symp
toms as well as roentgenographical evidence of pneumonia sus
pected or proven to be PCP were eligible. Patients were recruited
as part of their evaluation for pneumonia, and virtually all were
already undergoing chemotherapy for PCP, and in some cases
other putative infections, prior to or at the time of referral for
study. Except for Patients 1353and 1390,who were on pentami
dine, all patients were on trimethoprim-sulfamethoxazole (TMP
SMX) therapy. In Patients 1312 and 1392, pentamidine was also
administered. The patients were all HIV-1-seropositive adults, 12
males and four females ages 23â€”41years, whose most common
risk factor was parenteral illicit drug use. All patients were receiv
ing at least 300 mg daily of zidovudine. Their absolute CD4@
counts were < 115/id at entry. Sixteen patients were recruited
from December, 1991 through April, 1993. Protocols were ap
proved by the Center for Molecular Medicine and Immunology
Institutional Review Board and written informed consent was
obtained from all patients. Diagnostic analyses by cytology were
performedin all cases (by sputumin 8, BAL in 13patients, and
transbronchialbiopsy in 4 patients). When sputum specimens
failed to reveal P. carinii and BAL or transbronchial biopsy
proved positive, the positive result was considered confirmatory
of pneumocystosis. Only one patient refused to complete the
study (No. 1312)and thus was considered unassessable. Baseline
clinical laboratory data, including complete blood cell counts and
differentials, serum electrolytes, lactate dehydrogenase (LDH),
creatinine, liver function enzymes and T-cell profiles, were ob
tamed.

The patientswere given Perchlorocap(200 mg KC104U.S.P.)
twice daily starting 30 mm prior to the infusion of the radioanti
body, and ending1 day later. The patientswere infusedintrave
nously after the placement of an Angiocath; 45 ml of saline were
transferred to a buretrol solution set chamber, and after ensuring

thatthe apparatuswas performingsmoothly, 25â€”30mCi(about1.0
mg) @â€œTc-7C5Fab' were added to the chamber. The initialflow
rate was at 0.5 ml per mm for 5 mm. Vital signs were then
obtained, and if no adverse reaction was noted, the remaining
volume was infused over 15 mm. Imagingwas performedon a
large field-of-view Anger camera with a GAP collimator (DS-X
camera from Sopha Medical Systems, Columbia, MD). One mil
lioncountsforanteriorandposteriorplanarimagesweretakenof

1029PcP, AIDSandNudearMedicineâ€¢Kramer



Western blot showing the reactivity of radiolabeled
7C5 against SDS-solubilized human P. carinhi.

Murine MAb 7C5
MoI. wt 129-IgG â€œâ€œTc-Fab'

116,000 -â€˜ .@:
97,000 -0@

66,000 -.@@ .@

43000 -0

the head, chest, abdomen and pelvis at 2 hr and at 5 hr. Planar
images were repeated at 24 hr but for 20 mm per view. Anterior
andposteriorwhole-bodyimageswerealsoobtainedwitha fixed
scan speed of 120cm/mmat each time point to findthe total-body
radioactivity clearance rate. A 64 x 64 matrix, 128 angles and 10
sec/angle, chest SPECT acquisition was performed at 4 hr postin
jection. The SPED' data were processed for transverse, coronal
and sagittal slices using a Hamming-Hannbackprojectionfilter.
The imageswere readby two or threenuclearmedicinephysi
cians who were blinded to the patients' clinical history and
present status. After recordingtheir readings,the data were cor
relatedwithother clinicaland laboratoryinformation,afterwhich
sensitivity, specificity and accuracy values were computed. Ac
tivity in the lungs was considered to be increased when it ex
ceeded the activity in adjacent tissues in the chest. The RAID
scans were compared with chest radiographs (all patients) or 67Ga
scans (Patients 1311, 1353, 1355, and 1371),but final correlations
were made on the basis of cytological findingsfrom induced spu
turn,BAL and/ortransbronchialbiopsies, except in Patients 1338
and1369,wherethecorrelationwas madeon a clinicalbasis.

RESULTS

31,000 -â€˜
â€¢ S â€¢

Immunofluorescence and immunoblotting results with
the Mab7C5were in agreementwhen tested againsthuman
and rat P. carinii specimens. The antibody did not react
with the rat-derived specimen, and reacted with human
isolates. Flow cytometry studies with leukocytes from a
healthy donor did not show any reactivity with circulating
neutrophils, lymphocytes, or monocytes.

By Western blot analysis of humanP. carinii, radioiodi
nated 7C5 detected multiple bands of molecular weights
between 40,000 and 120,000 (Fig. 1). The most prominent
reactivity was with a band of approximately 116,000which
appearedto correspond to an importantsurface antigen of
P. carinii which has been termed â€œmajorsurface glycop
rotein (MSG)â€•or â€œglycoproteinA (WA).â€•The molecular
weight of this antigen has varied from 95,000 to 140,000 in
different studies, depending on host of origin and method
of purification(15). It has also been shown that multiple
genes encode for this antigen, suggesting the possibility of
antigenicvariation (16). The lower molecularweight bands
detected by 7C5 could either represent breakdown prod
ucts of the 116,000band or an epitope recognized on mul
tiple proteins. 7C5 did not react with the panel of bacteria,
fungi, and protozoa. After labeling with @â€œTc,7C5 showed
identical reactivity by Western blotting to the â€˜@I-labeled
preparation, indicating no apparentchange in the antigen
binding after direct labelingwith @Tc(Fig. 1).

After labeling with @Tc,91% of radioactivity was
found by HPLC to be bound to the Fab' fragments, with
less than 6% of radioactivity associated with residual
F(ab')2 and no more than 2.4% representing unbound

@â€œ@Tc(results not shown). ITLC results indicated an aver
age of 4.8% Â±3.3% unbound @Tcand less than 2%
colloid. Fab' fragments of 7C5 were preparedand formu
lated for direct labeling with @Tcaccording to methods
described previously (13). Size-exclusion HPLC proffles
using both optical density and in-line radiation detectors

FiGURE1. Westernblotanalysisof 125WabeIed7C5 lgGwith
SDS-solubibzedhumanP. carinii.ReactMtywith muttiplebandsis
evident.The rangeof molecularwalghtswas basedon standards
runon a parallellane.

showed almost complete incorporationof the @Tcin the
7C5 Fab'.

The antibody imaging results are provided in Table 1
with their correlation to cytological evidence of the pres
ence of P. carinii in the lungs. Of the fifteen assessable
patients, six proved to be true-positive by antibody imag
ing, seven were true-negative, one was false-positive (no.
1311) and one was false-negative (no. 1354).This provides
a sensitivity (true-positive/true-positive + false-negative)
of 85.7%,a specificity (true-negative/true-negative+ false
positive) of 87.5% and an accuracy (true-positive + true
negative/total) of 86.7%. Examples of true-negative and
true-positive imaging results are shown in Figures 2 and 3,
respectively. Although antibody imagingstudies were per
formed at several times, particularlyat 2â€”5hr and 24 hr
after injection, it was found that the 24-hr planar imaging
studies generallyprovidedthe most reliableresults, despite
the availability of both planar and SPECT scanning find
ings at the earlierimagingtimes. Diffuse activity in the lung
was observed in four patients (nos. 1307, 1355, 1369 and
1392), a diffuse heterogenous uptake bilaterally in the lower
lung fields of one patient (no. 1311), focal uptake in the left
lower lung and diffuse uptake in the right lung (Patient
1356), and both focal and diffuse uptake in the apices of
both lungs and the base of the left lung of another patient
(no. 1401). No extrapulmonarysites of abnormalradioac
tivity were observed in any of the patients. No laboratory

findings or clinical signs of toxicity or adverse reactions
relatedto the antibodyadministrationwere noted in any of
the patients.
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PatientAgeCD4 titerp02LDHcytology

resultsRi@JDDaysDaysno.

Sex (yr)cells/pJmmHg(U)SputumBALTBB Results post-Dxpost-Rx Correlation Outcomeandnotes

TABLEI
RAIDResultsfor PCPinAIDSPatients

4 11 TP Rx successful
9 16 FP @Ga-POS;TB:

POSingastric
aspirate;
Candida:POSby
BAL@E@ired

3 13 NA IncompleteRAID
study

5 days 6 TN Dx:Organized
pre-Dx pneumonia
15 28 TN* Rx:successful;

N.E.D.post-Ax
andatRAID

15 17 TN @Ga-POS
8 17 EN Dx:clinical

improvement
1 13 TP @Ga-POS;Ax:

successful

1307 M 42 13 73 193 ND POS ND P05
1311 M 41 0 â€” >1000 ND NEG ND P05

1312 M 35 â€” 41 765 NEG POS ND NA

1314 M 27 8 64 217 ND NEG NEG NEG

1338 M 28 8 62 593 ND P05 P05 NEG

1353 F 33 9 93 123 NEG NEG ND NEG
1354 F 23 7 61 218 NEG P05 P05 NEG

1355 M 32 115 53 313 NEG P05 ND P05

1356
1359
1369
1371

M29â€”49247NEGP05NDM38859230NDNEGNDM414881269NDlENDM3038â€”198NEGNDNDP05
NEG
P05
NEG

19 28 TP
7 14 TN

13 32 TP@
13 16 TN @Ga-P0S;CMV

seropositlve
26 TN HWnephropathy-*

acuterenal
failure;Expired

1390 M 37 15 74 390 NEG NEG NEG NEG 7 days
pre-Dx

1392 F 26
1401 F 38
1425 M 36

â€” 69 412 ND P05 ND P05

14 60 287 ND POS ND P05
â€” 67 262 NEG ND ND NEG

7 20 TP
27 29 TP
14 21 TN

Ax:successful

BAL = bronchoalveolarlavage;TBB = transbronchialbiopsy;RAID= radioimmunodetection;ND = not done;NA = not available;lE =
inevaluable;TP = true-positive;EP = false-positwe;TN = true-negative;EN = false-negative;Dx = diagnosis;Ax = therapy;N.E.D.= noevidence
ofdisease.

*@rreIationmadeclinically.

Among the seven patients who had true-negative results,
evidence of agents or processes other than P. carinii could
account for their clinical symptoms and signs. Therefore, it
appears that the imaging Mab is quite organism-specific.
For example, Patient 1314's clinical presentation was typ
ical of pneumocystosis. Yet, BAL failed to revealP. carinii
organisms and the RAID study was negative 4 days before
BAL and transbronchial biopsy. Transbronchial biopsy
found only an organized pneumonia, suggesting successful
antimicrobial treatment of an unidentified bacterial infec
tion. The one false-positive case (Patient 1311) in fact
posed a difficult and uncertain clinical interpretation. This
AIDS patient presented with bilateral interstitial puhno
nary infiltrates and a CD4@titer of 0. Treatment with TMP
SMX and erythromycin was started immediately. Flucon
azole was added later to the regimen. One week after
chemotherapy,BAL wasperformed,revealingnumerous
alveolarmacrophages,inflammatorycells andeosinophiuic
conglomerates suggestive ofP. carinÃ¼infection. However,
the Grocott methenamine silver stain was negative for

P. carinii while revealing Candida. Two weeks thereafter,
a RAID study showed diffuse heterogeneous radioactivity
bilaterally, which was interpreted as a positive scan. The
patient died 2 wk later, and several weeks following his
death, culture evidence of Mycobacterium tuberculosis
from a gastric aspirate taken at autopsy was reported.
Since the BAL did not reveal P. carinii organisms, the
correlation was reported as false-positive, although the
clinical impression was that of a patient who harbored
several organisms, including cytologically undetected
P. cannii, which did not respond to chemotherapy. The
false-negative patient (Patient 1354) presented a similarly
complex scenario. This patient also was profoundlyCD4@
lymphopenic (7 cells/@tl) and was hospitalized with fever,
shortness of breath, hypoxemia (p02, 61 mm Hg), and a
chest x-ray showing bilateral interstitial infiltrates. TMP
SMX was initiated immediately, as was fluconazole. One
week later, induced sputum cytology failed to show
P. carinii organisms, but a BAL 3 days later was Grocott
stain positive for P. carinii. Transbronchial biopsy at the
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FIGURE2. DiagnosticstudiesofanHW-InfeCtedpatient(#1371)presentingw@isuspectedPCPthatprovedtobeCytOlOgicallynegative
forP. carinii.(A)PAchestroentgenogramshowsdiffusebilateralpulmonaryinfiltrates;(B)48-hr67Gascan showsdiffusebilateralpulmona,y
uptake;(C)5-hranteriorchestanthody scanshowsno pulmonaryuptake.H = heart;L = liver@K = kidneys.

same time also confirmed P. carinii. One week later, the
RAID study was read as negative. The patient is alive as of
the last observation, 8 mo after discharge from this admis
sion. Thus, although this was recorded as a false-negative
case, it is conceivable that the patient was successfully
treated for PCP and retained no detectable organisms by
the time the antibody imagingstudy was performed.

Two of the correlationswere made solely on the basis of
clinical data and interpretation. Patient 1338was admitted
with right upper lobe lung infiltrates on chest roentgenog
raphy and was immediately given a course of cefuroxime,
ampicillin, ceftriaxone and TMP-SMX. He underwent a
BAL procedure 9 days later, which revealed a positive
Grocott methenamine silver staining for P. cannii. Twen
ty-four days following the onset of chemotherapy and four

days before a negative RAID study was obtained, the pa
tient's chest radiographshowed significant improvement
from that obtained at admission. Therefore, it was con
cluded that the negative RAID study was consistent with
the clinical outcome following intensive chemotherapy de
spite a positive cytological finding for P. carinii 15 days
earlier. In the second instance, Patient 1369 presented with
bilateralinterstitialinfiltratesof a reticularnodularpattern
consistent with pneumocystosis on chest roentgenography,
and despite empiric therapy for tuberculosis, community
acquired pneumonia, sepsis and P. carinii (rifampin,
pyrazinamide,ethambutol, isoniazid, ampicillin,gentamy
cin, vancomycin and TMP-SMX), the antibody imaging
study showed positive diffuse uptake of radioactivitybilat
erally. Unfortunately, the special staining of the BAL spec

B
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FiGURE3. DiagnosticstudiesofanHM
infectedpatient (no. 1392) presentingwith
confirmedPCP.(A) PA chestroentgeno- @â€¢
gram showingbllateraldiffusepatchyinter
stftialandalveolarinfiftrates.(B)Twenty-four
houranteriorchestantibodyscanshowsdif
fuseuptakein nghtlowerlobewithpossible
extensionintothe middlelobe (largearrow)
andtwo areasoffocal uptakein the leftlung
(smallarrows).



imen was inadequate, requiring that the true-positive cor
relationbe madeon thebasisof theclinicalpresentation.

It is apparent that a particularproblem encountered in
this study was the variability in the time RAID studies
performed after cytological diagnosis or onset of therapy
(Table 1). The nature of the patient population investigated
presented difficulties in standardizing a protocol. Never
theless, except for the few exceptions noted, an excellent
correlation of RAID with cytological evidence of the pres
enceor absenceof P. cannii was found.

DISCUSSION

PCP remains the most common presenting feature of
AIDS, and continues to account for significantmorbidity
and mortality despite the availability of effective therapy
and prophylaxis. Indeed, it has been estimated that there
would be 160,000 cases of PCP in the U.S. by 1991 (17).
Unfortunately, PCP has no unique hallmark to distinguish
it from pneumonia due to a panoply of other agents as well
as noninfectious disorders, including but not limited to
infectionsby otherviruses(cytomegalovirus,herpessim
plex virus), fungi (Candida, C,yptococcus), mycobacteria
and other bacterial pathogens, protozoa (e.g., Toxoplasma
gondii), etc. Definitive diagnosis rests on cytological iden
tification of the P. carinii organism in sputum or
broncheoalveolar specimens by use of special stains de
signedtodetectthetrophozoite,intracystsporozoiteforms
or the cyst wall (18). Induced sputum tests, while more
convenient and less costly than BAL, still require a period
of 2 to 4 hr until ready for interpretation, are labor-inten
sive, are not all successfulin yieldingappropriatespeci
mensfor analysis,and haveshown adversereactions,es
pecially in debilitated patients (19,20).

The use of Mabs for the detection of organismshas
increased the accuracy of cytological identification of P.
carinii in sputum specimens (9). Unfortunately, the accu
racy of diagnosis from induced sputum samples, similar to
BAL specimens, varies by institution, patient population
and the interests, efforts and abilities of the personnel. For
BAt to be optimal, the lavage fluid should be obtained
from the area of the lung that shows the most extensive
disease, not from random sites. When properly performed,
BAt material will reveal P. carinii in more than 90% of
patients with PCP (21 ). Recently, genetic probes for de
tecting P. carinÃ¼have been described, but are still some
what complicated to perform (22â€”25).

The use of radiolabeled Mabs for scintigraphic imaging
of cancerswith antibodiesagainsttumor-associatedmark
ers, of infectious and inflammatory lesions with anti-gran
ulocyte antibodies, of myocardial infarcts and degenera
tion with anti-myosin antibodies, and of thrombi with anti
fibrin or anti-platelet antibodies (26), stimulated us to ask
whether this noninvasive diagnostic approach can be ap
plied to the detection of specific pathogens using organism
specific, radiolabeled antibodies. In this study, we have
described the development of a murine Mab showing spec

ificity for P. carinii organisms derived from human speci
mens and no cross-reaction with other infectious agents,
including bacteria and fungi, as well as human leukocytes.
After labeling the reduced Fab' fragment of the Mab with

@Tc,which is the preferredradionuclidefor nuclearmed
icine imaging (because of availability, low price and excel
lent photon energy for scanning), no change in the molec
ular size or antigen binding of the radiopharmaceutical was
found (data not shown). Intravenous injection of a small
protein dose of about 1 mg of the Fab', conjugated with 30
mCi of @Tc,into 15 assessable HIV-positive, immuno
compromised patients with pneumonia demonstrated PCP
with a sensitivity of 85.7% (true-positive in six of seven)
and a specificity of 87.5% (true-negative in seven of eight
patients). Imageinterpretationappearedto be optimalwith
planarscans at 24 Kr,thereby not requiringmore elaborate
and time-consumingemission tomography at earlier scan
ning times. Thus, it appears from this initial series of pa
tients presenting with suspected PCP that there was a high
sensitivity and specificity for diagnosing PCP by external
scintigraphywithin 24 hr of injecting an antibody radiola
beled to P. carinii. In contrast, other imagingmodalities,
such as roentgenogramsand gallium scans, cannot differ
entiate P. carinii from other pulmonary infiltrates, and in
the case of gallium, imaging is usually delayed for up to
about 3 days with a low specificity achieved (6,7). In stud
ies of PCP and other infections in animals and humans,
irrelevantpolyclonal IgG labeled with â€œInshowed posi
tive imaging, suggesting a nonspecific uptake in infection
(27,28). This does not appear to occur in our series of
patients with non-PCP pneumonia given our P. carinii Mab
fragment labeled with @Tc.Nevertheless, it is our plan to
study PCP patients with a nonspecific Fab' reagent.

P. carinii may persist in the lungs after apparentlysuc
cessful therapy, which may confuse the evaluation of re
sponse (29,30). In this situation, a noninvasive test, if it
could determinethe presence ofviable P. carzniiorganisms
or their recurrence,would be helpful asa monitor of ther
apy. Such repeated studies with this murineMab fragment
may be feasible without invoking human anti-mouse anti
bodies (HAMA), because llAMA reactions have been vir
tually absent in cancer and infectious diseasepatients given
similarFab' preparations(31).
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specific for PCP. PCP frequently her
aids the onset of AIDS in HIV-in
fected individuals. When AIDS was
first recognized, PCP was the present
ing opportunistic infection in 60% of
cases (3) and occurred in over 80%of
AIDS patients during the course of
theirillness. PCPhas been andcontin
ues to be a significantsource of mor
bidity and mortality in AIDS. It is the
first diagnosis considered in a dys
pneic or febrile AIDS patient and
treatmentis often begun empirically.

In the untreatedpatient, the typical
clinical presentation of PCP in the

AIDS patientmay be quite subtle with
little more than a dry cough; fever or
dyspnea occur commonly as well
(4,5). The chest radiograph may be
negative (6) or may show bilateraland
diffuse interstitial markings, alveolar
consolidationor â€œgroundglassâ€•opac
ities (7,8). Atypical unilateral infil
trates and cystic changes have been
described also (8). These cystic
changes have been related to an in
creasedincidenceof pneumothoraxin
these patients (9,10). Scintigraphic
techniques, in general, are extremely
sensitive for detection of PCP (6,11â€”
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Journal deal with one of the most
common complications of AIDS:
Pneumocystis carinii pneumonia or
PCP_ In one, Katial et al. (1) describe
a somewhat less common presenta
tion of PCP on a 67Gascan. In the
other, Goldenberg et al. (2) present
the first clinical experience in AIDS
patients using a radiolabeledantibody
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