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Abslract Four previously healthy homosexua| ‘men'
contracted Pneumocystis carinil pneumonia, :exten-:

sive mucosal -candidiasis, and multiple viral infec-
tions. In thrée-of the patients these infectlons fol-
lowed prolonged fevers of unknown origin. In all four
cytomegalovirus was recovered from. secretions.
Kaposi's sarcoma developed in one patient eight
months after he presented with esophageal candidia-
sis. Al patients were anergic and lymphopenic; they
had'no lymphocyte proliferative responses to soluble
antigens, and their responses to phytohemagg!utinin

wera markedly reduced. Monoclonal-aptlbody analy-

ACQUIRED Tecell_defects are well . known. to.

occur in adults with untreated Hodgkin'’s dis-
ease,’ sarcoxdosxs, and viral infections."* These non-

natrogemc T-cell deficienicies 'aré 'marked by cutane-

ous anergy and diminished proliferative responses to

milogcns and antigens in vitro. Opporlunistic infec-:
tions rarely occur in the absence of i immunosuppres-

sive therapy. We' recently treated -several . young,
previously healthy, homosexual men for multiple

episodes of Preumocystis carinii pneumonia, extensive.

mucosal candidiasis, and severe viral infections.> The

clinical mariifestations and studies of cellular immuneA
function in thesé patients indicated a similar. sevére

acquired T-cell defect. Several lines of evidence sug-
gested that eytomegalovirus infection was a major fac-
tor in the pathogenesis of the'immunocompromised

state. This.syndrome represents a potemlally trans-’

mlssxble immune def' iciency.
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sls “of perlpheral blood T-cell subpopulaﬁons re-
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vealed virtual elimination of the Leu-3+ helper/induc-.

er ‘subset, an increased percentage of the Leu-2+
suppressor/cytotoxic subset, and an Increased per-

centage of .cells bearing. the thymocyte-associated.

antigen T10. The inversion of the T helper to suppres-

sor/cytotoxic ratio suggested that cytomegalovirus in-
fection'was an important factor in the palhogenesls of

the immunodeficient state.A high level of éxposure ot
male homosexuals to cytomegalovirus-infected se-

cretions may account for the occurrence of this im-.
mune deficiency. (N Engl J Med. 1981; 305:1425-31.)

METHODS

Antlbody Asoays

Annbodlcs to cytomegalovnms. adenov:rus, and herpes umplcx
were determined by. mmplem:m fixation. Antibedy ta cytomegalo-

virus,was measured in Patient 2 by the antic

fluorescence method. Hepatitis B surface antigen and antibodies 1o :

hepatitis B surface and core antigens were determined by radioim-

labora\ory of Dr, Werncr Henle.”

Lymphocyle Separatlon and Iden!lﬂcaﬂon

Peripheral blood was collected in heparm, and Iymphocytcs were
scparated on a Ficoll-Hypaque gradient as previously described.*
T lymphocytes were identified by their ability to form spontaneous

. rosettes with shtcp erythrocytes (E roscttes).! B lymphocytes were

identified by staining immunoglobulin-bearing cells with a fluores-
:cm-conjugaled polyvalent goat antihuman lmmunoglobulm anti-
serum.* .

Stimulation of Lymphocytes by Phylohemagglutlnln nnd
Antigens " -

Blastogenic stimulation of penphera]-hlood ])mphocyles by phy-
tohemagglutinin (Burroughs-Wellcome) was tested.as’ previously

munoassay. Antibodies to Ep:lcm-ﬂan virus were measurcd in the.

described.* The lymphocyte response to candida antigen (Hollis- -
ter-Stier Laboratories, Spokane, Wash.) and ureplukmase-s(rep-,

- todornase (Varidase, Lederle Laboratorics) was assayed by mixing

antigens with 2X10* Ficoll-Hypaque-purified peripheral-blood
Iymphocyles in 0.2 ml of RPM1.1640 supplemented with -gluta-

mine, llrep\om)cm penicillin, and 10. -per cent heat.inactivated -

human AB serum in round-bottom microtiter plates. The candida

antigen was used at a final concentration of 1:20, and the Varidase -
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antigen at 20 units of streptokinase and 5 units of streptodornase
per 0.2 ml. The cells were cultured for six days and pulsed with
[’'H}thymidine for 16 hours. The phytohemagglutinin and antigens
were titrated to obtain maximum stimulation.

Vira! Identification

Viral cultures were performed in human-embryonic-lung fibro-
blasts (WI38), human-foreskin fibroblasts (Flow 7000), and pri-
mary cultures of African-green-monkey-kidney cells. The cultures
were maintained at 36°C for five weeks. All isolates were presump-
tively identified by characteristic cytopathic effect and subsequent-

ly confirmed by neutralization® or immunofluorescence staining®’

with specific antiserums.

Monoclonal Antlbodies

* Leu-l, Leu-2, and Leu-3 antibodies were generously provided by
Becton-Dickinson (Mountain View, Calif.). Leu-1 recognizes the
same sutface antigen that monoclonal antibodies OK'T-1 and T101
recognize; this antigen is present on mature circulating T cells.
Leu-2 recognizes the same surface anugen as OKT-8; this antigen
is reportedly present on T cells that mediate cytotoxic and immu-
nosuppressive cvents.''!*! Leu-3a recognizes the same surface anti-

gen as OKT-4, and this antigen is found on T cells showing helper -
and inducer activity.""* Previous studies in our laboratory have in--

dicated that Leu-2 and OKT-8 define very similar or identical

T-cell subsets. Likewise, Leu.3 and OKT-4 recognize cquivalent

subpopulations. T10 is present on 95 per'cent of thymocytes and on
less than 5 per cent of peripheral-blood T cells.' All monoclonal
antibodies were stored at 4°C belore their use. Purified mouse my-
eloma protein of the IgGZa class (RPC 5, Bnoneucs, Kensington,
Md.) served as a negative control for immunofluorescence assays.

Direct Immunotiuorescence Assays

Cells were washed twice before analysis; 0.5X10* cells were used
for each assay. After incubation for 45 minutes at 4°C in 100 ul of
medium with 2 per cent heat-inactivated neonatalscalf serum and
5 ul of monoclonal-antibody solution, ceils were .washed twice by

centrifugation and resuspended in" 100 4l of medium containing’

3 pg of fluorescein-conjugated goat antimouse 1gG (TAGO, Bur-

lingame, Calif.). After another 45-minute incubation at 4°C, the -
cells were washed twice in medium cantaining 0.2 per cent sodium

azide and resuspended in one drop of 30 per cent glycero! in phos.
phate-buffered saline (0.1 M phosphate, pH 7.4) plus 0.2 per cent
sodium azide. The cells were ined on a fluor micro-
scope equipped with epi-illumination. A minimum of 200 cells were
examined for surface immunofluorescence.

. PATIENTS

Tests of cellular immune function were conducted in the Clinical
Research Laboratory of the UCLA School of Medicine.

Patlent 1

A 3)-year-old homosexual man was transferred to the UCLA
Medical Centér on March 16, 1983, for evaluation of recurrent fever
and mucocutaneous candidiasis, Hc had been well until October
1980, when he was admitted to another hospital because of fever
and cervical lymphadenopathy. The white-cell count was 6600,
with 65 per cent neutrophils, 6 per cent band forms, 23 per.cent
Iymphocytes, and 6 per cent monocytes. Atypical lymphocytes were
absent. Test resulis for latex fixation, antinuclear antibody, venere-
al disease. reaction leve) (VDRL), Monospot, toxoplasmosis titer,
and febrile agglutinins were negative. The antibody profile to Ep-
stein-Barr virus indicated remote infection. The serum contained
antibodies to hepatitis B surface and core antigens, but hepatitis B
surface.antigenemia was absent. The serum aspartate aminotrans-
ferase was 388 1U per liter (3.12 umol - sec™! per liter). :
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The patient received pred; for two weeks, during which the
fever resolved. In December 1980 fever (temperatures to 39°C)
recurred, and 8 two.month course of daily prednisone was ad-
ministered. Severe oral and perianal candidiasis developed, and
the drug dose was rapidly tapered and discontinued. Because of
continued fever (39 to 40°C), the patient was transferred to UCLA.
Findings included generalized alopecia, moist superficial gluteal
erosions, oral thrush, and fungating lesions of the distal index fin-
gers. Rash and lymphadenopathy were absent. Tests of liver en.
zymcs, chest x-ray films, and an upper-gastrointestinal-tract series
gave normal results. Cytomegalovirus was recovered from the urine,
but not from the blood bully coat. Herpes simplex and Candida albi.
cans were cultured from the pharynx, perianal area, and both fin.
gertip lesions. Serum levels of IgG and IgM were normal, but IgA
was clevated to 961 mg per deciliter (normal, 121 to 563 mg per
deciliter). Circulating immune complexes, determined by the poly-
ethylene glycol method, were 730 ug per milliliter (normal, <310 ug
per milliliter). The patient was ancrgxc to a battery of [ive recall
antigens, including candida.

Ketoconazole (200 mg twice daily) produced marked improve.
ment of the gluteal and fingertip lesions; however, daily episodes
of fever continued. After a five-day course of intravenous acyclovir
(9-(2-hydroxycthoxymethyl] guanine) (250 mg per. square meter
of body-surface area, given threc times daily) herpes simplex was no
longer recovered from the previously infected sites; however, cyto-
megalovirus was still cultured from the urine. The patient was dis- /
charged but was readmitted onc month later with a three-day his-
tory of dyspnea, dry cough, and fever. The fingers and periarial
lesions were nearly healed: A chest film showed diffuse interstitial
infiltrates. Silver stains'of bronchial brushings contained numerous’
P, carinii orgamarns. and smears and cultures for bacteria, acid-fast
bacilli, and fungi were negative: Hérpes simplex was recovered (rom
bronchial washings. The percentages of both T and B lymphocytes
in the peripheral blood were depressed (Table 1). Despite intraves
nous trimethoprim-sulfamethoxazole (TA{P-SMZ), the x-ray find-
ings and arterial axygenation worsened. A 10-day course of acyclo-
vir (500 mg per square mieter, three times daily) was administered,
Bronchial brushings and a biopsy specimen cobtained on April 24,
1981, were negative for P. carinif, acid-fast bacilli, fungi, and bgian-
ella pneumophila. Cytomegalovirus was cultured from both speci-
mens. Because of clinical deterioration, TMP-SMZ was sloppcd
and pentamidine was given. An open-lung biopsy performed on
May 1 revealed P. carinii and morphologic evidence of CMV infecs
tion. The paticnt died two days later. Autopsy l'ndmgs included ex-
tensive P. carinii and culture-proved cy us
with histologic evidence of cytomegalovirus reumlls

Patlent 2

A 30-year.old homosexual man was referred to UCLA Medical
Center in March 1981 with a four-month history of daily fever and
malaise. He had been hospitalized elsewhere in February 1981, af
which time generalized lymphadenopathy without hepatospleno-
megaly was present. The white-cell count was 4200, with 77 per
cent neutrophils, 10 per cent lymphocytes, 8 per cent mopocytes,
and § per cent cosinophils. Atypical lymphocytes were absent, The
sedimentation rate was 126 mm per hour. The level of IgG'was 2647
mg per deciliter; IgM, 448 mg per deciliter; and IgA, 721 mg per
deciliter (the normal upper limits are 1700, 400, and 280 mg, re-
spectively). Circulating immune complexes were elevated to 1530
g per milliliter. Delayed skin tests to five recall antigens were neg-
ative. The serum aspartate aminotransferase was 113 1U per liter
(0.91 umol - sec™! per liter). A liver biopsy showed mild focal

nonspecific hepatitis. Inclusion bodies were absent. The level of

anubody to cytomegalovirus, determined by the anticomplement

thod, rese from <1:16 to >1:128. Cyto-

megalovn’us was cultured from samples of urine and buffy coat.

Antibody evidence of past infection with Eps!cntarr and hepa-
titis B viruses was detected.

On April 21, 1981, the patient was admitted to UCLA ‘Medical
Center, after four days of nonproductive cough, dyspnea, rising
fever, and chills. He reponcd the recent onset of rectal and oral
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thrush. He appeared acutely ill, with a temperature of 39°C. The
arterial partial pressure of oxygen during breathing of ambicnt air
was 44 mm Hg, and a chest film showed a diffuse interstitial pat-
tern. Silver staining of bronchial brushings revealed numerous
P. coninii organisms. A 14-day course of intravenous TNP-SMZ led
1o resolution of the pneumonia. The white-cell count declined to
1900, with 10 per cent lymphocytes; the platelet count.was 80,000.
A bone-marrow aspirate and a biopsy specimen were normocellu-
lar, with slightly increased numbers of plasma cells. A urine cul-
ture grew adenovirus. On June 24, 1981, funduscopic examination
revealed multiple discrete white retinal opacities that were consis«
tent with the occurrence of microinfarction of the nerve-fiber layer
of the retina. There was no history of visual disturbance. On serial
follow-up examinations the lesions had not progressed. The patient
was readmitted on August 15, 1981 with gradually increasing dysp-
nea, cough, and interstitial infiltrates. Bronchial brushings were
negative for P. carinii; however, numerous pneumocysts were found
on open-lung biopsy. Cytomegalovirus was cultured from the tis-
sue specimen. The patient’s condition deteriorated despite five days
of pentamidine therapy. The fever and pulmonary infiltrates
cleared only after a four-weck course of high-dosc TMP-SMZ, and
low-dose prophylaxis was instituted after recovery.

Patient 3

A 30-year-old, previously healthy, homosexual man was admit-
ted to the UCLA Medical Center with a onc-month history of pain
on'swallowing, oral thrush, leukopenia, and a weight loss of 12 kg.
Endoscopy performed after admission revealed distal esophageal
erosions and two gastric ulcers. A biopsy specimen of the esopha-

geal mucosa contained intranuclear inclusions but no yeast forms. -

Virus was not recovered from the initial biopsy sample. The white-
cell count was 2300, with 34 per cent neutrophils, 19 per cent band
forms, 30 per cent lymphocytes, and 16 per cent monocytes. Atypi-
cal lymphocytes were present.

Bone-marrow aspiration and biopsy revealed a slight reduction in
the ratio of myeloid to erythroid cells. Serum IgG and IgM were
normal, but IgA'was elevated to 1061 mg per deciliter {normal, 121

to 563). Circulating immune complexes were el:vated at 785 pg per,

milliliter.

Treatment with amphotericin B rcduced the odynophagia. The
patient was discharged on February 17, 1981, but was readmitted
five days later with fever (temperatures reaching 40°C), dyspnea,
and dry cough. The arterial partial pressure of oxygen (room air)
was 57 mm Hg, and a chest film showed bilateral interstitial infil-
trates. Silver stain of a transbronchial biopsy specimen revealed
abundant P. carinii. Viral inclusion bodies were absent on tissuc sec-
tions. An adenovirus was recovered from the bronchial washings
and from the stool on two occasions. Treatment with intravenous

TMP-SMZ led to prompt resolution of the pneumonia. The per-

centage of peripheral E-rosette-forming cells was by then markedly

decreased (Table 1). The patient was discharged on March 11,
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1981, but was readmitted on April 22 because he had severe diffi-
culty in swallowing. Endoscopy revealed confluent plaques of can-
dida and erosions, Additional doses of amphotericin B were ad-
ministered, producing improvement clinically and endoscopically.
Cytomegalovirus was cultured from an esophageal-biopsy speci-
men. Ophthalmologic examination on May 20 revealed multiple
discrete retinal opacities that were asymptomatic. At follow-up ex-
amination on May 26 the lesions had increased in size and num-
ber. Atypical candidal chorioretinal lesions could not be excluded,
and additional amphotericin B (1500 mg) was administered, with
tittle effect on the lesions. On subsequent evaluations, these lesions
were thought to represent microinfarctions of the nerve-fiber layer
of the retina.

On June 20, dyspnea developed and bilateral lower-lobe intersti-
tial infiltrates were scen on the chest film. A transbronchial biopsy
specimen was positive for pneumocystis, which responded to treat.
ment with pentamidine. Cy\omegnlnvnms was cultured fram the
urine and the biopsy specimen, but not from buffy coat. After re-
covery, TMP-SMZ prophylaxis was instituted. The patient was re-
admitted on September 15, 1981, because of progressive cachexia, A
violaceous plaque (3 em in dlamctcr) with a central nodule, which
had not been present on previous examinations, was noted on the
left wall of the chest; three similar lesions were located in the csoph-
agus. Blopsus revealed Kaposi'’s sarcoma.

Patlent 4

A 29-year-old homosexual man was referred to UCLA Medical

Center on June 5, 1981, with an eight-month history of high fever,
lymphadenopathy, fatigue, and a weight loss of 11 kg. He had been
hospitalized elsewhere on four occasions in 1981 for diagnostic stud-
ies, which were inconclusive. In November 1980 the whitesccll
count had been 2900, with 73 per cent neutrophils, 10 per cent band
forms, 7 per cent lymphocytes, 9 per cent monocytes, and 1 per cent
cosinophils. The level of antibody to cyt: lovirus on |
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ment fixation had risen from 1:64 in November 1980 to 1 256 in.’

February 1981." Two biopsies of lymph’ nodes showed reactive
changes, and biopsy of normal-appearing skin revealed a nonspe-
cific perivascular infiltrate. A whole-body computerized tomo-
gram, an abdominal angiogram, and a lymphangiogram for eval-
uation of possibie neoplasia and vasculitis were negative.

On admission the patient reported a two-month history of dys-
phagm and a two-weck history of excrtional dyspnea and a morn-
ing cough with clear sputum. He appeared cachectic and was fe-
brile {39.5°C). Oral thrush was present. The white-cell count was
4400, with 88 per cent neutrophils, 6 per cent band forms, 3 per cent
monocytes, and 3 per cent lymphocytes. Serum levels of IgG and
1gM were normal; IgA was clevated to 536 mg per deciliter (nor-
mal upper limit, 366). Circulating immune complexes were elevat-
ed to 1570 pg per deciliter. The patient was anergic to a battery of
five recall antigens. Cytomegalovirus was recovered from the urine.
Compl -fixing antibodies 10 cytomegalovirus, herpes simplex,

Table 1. Levels of Lymphocyte Surface Markers in Patients with Celtular immunodeficiency.

MARKER ' Patgst ) Panext2 PaTiENT 3 PATIENT A Noamat
. RANGE
saseLs | SAMPLE 2 SaurLe | SAMPLE 2 SaMPLE | SAMPLE2 AAL;sw )
(O/18/81)  (3/16/81) ($/21/81)  (5/8/81) (1/30781)  (3/22/81) (6/5/81)
White-cell count {celis/mm?) 3800 4800 3200 2200 2300 1600 H00 4800-10,800
Peripheral Iymphoqle count (cells/mm’) . 342 480 320 484 690 480 132 1440-3040
E-roscite formation . . .
Percentage - - 62 9 65 44 .67 45 . 44 59-74
Absolute number (cells/mm?) 212 187 208 232 462 216 62 849-2249
Surface immunoglobulin-bearing cells . .
Percentage o .3 2 1 10 9 14 10 5-10
Absolute numbee (cells/mm?) 10 10 t 43 : 62 67 13 72-304

*Calculated by muhiplying the total leukocyte count by the percentage of lymphocytes in the differential count.

$Quantity was {asufficient to peeform test.

Supplied by The British Library - “The world's knowledge"
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and adenovirus were not detected. Annbody evidence of past infec-
tion with Epstein-Barr and hepatitis B viruses was present. Endos-
copy of the upper gastrointestinal tract revealed white plaques in
the lower esophagus, and cultures of biopsy specimens grew C. albi-
cons, Amphotericin B was given, for a tota! dose of 300 mg, In view
of the uniform occurrence.of P. caninii pneumonia in the previous
three pancnls, "bronchoscopy was pcrfnrm:d dcspnc an essentially
negative chest film. Numerous pneumocystis organisms were found
on bronchial brushings. Treatment with TMP-SMZ was begun
and continued for prophylaxxs after hospnal discharge. On com-
plete ophthalmologic examination the patient was noted 1o have
muhiple discrete white retinal opacities, consistent with microin-
farction at the level of the nerve-fiber layer (“cotton-wool spots”).
He had no visual symptoms.

Alter discharge the patient remained chronically ill. He was re-
admitted two months later for recurrence of fever and severe muco-
sal candidiasis, which responded to amphotericin B.

RESULTS

Markcd lyrnphopema was present in all f'our pa-
tients (Table'1). At the first cvaluauon Patients 1, 2,

and 3 had normal percentages of E-rosette-forming

cells. In Patients 1 and 2. E-rosette-forming cells
were subsequently markedly depressed at the time of
P. carinii pneumonia. The depressed percentage of T
cells in Patient 3 (Sample 2) and Patient 4 had no ob-

vious clinical correlates. The percentage of B lym-",

phocytes was normal except in Patient 1. The four
patients had a diminished proliferative response to
phytohemagglutmm {(Table 2), In those tested, the
response- to candida and streptokinase-streptodor-
nase was virtually absent. Célls bearing the surface

antigen recognized by monocloiial antibodies OKT4

and Leu-3 make the maximal proliferative response
to phytohemagglutinin and nearly all the prolifera-
tive response to soluble antigens.’® Thus the results
of the mitogen and amlgcn stimulation studies sug-
gested that these patients had.a deficiency of the
Leu-3/OKT4 helper/inducer subset. .We therefore
analyzed 'peripheral -blood mononuclear cells from
these patients with monoclonal antibodies to T-cell
subsets on indirect immundfluorescence.

Table 3 shows that peripheral lymphocytes fromall
four patients contained reduced percentages and total
numbers of T cells (Leu-1). Helper/inducér Leu-3+
cells were virtually absent. The percentage of Leu-2+
cytotoxic/suppressor T cells was uniformly increased

Table 2. Stimulation of Manonuclear Cells by Antigens and
Phytohemagglutinin In Normal Subjects and Patients.

Grouvr StiMuLaTOR
MEDIUM PHYTOHEMAG- CANDIDA STREPTOKINASE )
ALONE GLUTININ ANTIGEN  STREPTODORNASE
o counts per minute
Normal subjects 1312 155983 74,500 87,408
(n = 32(mean X565 53,652 38,759 +24,365
+S.D.) N
Patients X
1(3/18/81) 522 27,000 1,594 1,264
2(4/21/81) ’ m 81,186 1,930 1,852
3(s/8/81) 820 . 5,000 938 i
4(6/5/8)) 666 6142 e b
*Not determined. "
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,Table 3. Characterization of T-Lymphocyte Subsets,

Grour LyseiocyTE Sunssr Ley3y
Lev?
Ranp’
vt Ley2 LEV 110
per cent lymph reactive with lonal aniibodi
Patients '
1 45 57 0 9 0
2 . . a7 ' s o - 59 0
K ’ 49 57 10 7 0.18
4 .. 67 . 47 2 8) 0.04
Mean £S.D. . 52 533t 30t 695¢ 0.08
. ) .10l 47 2476 =l 2008 ¢
Normal subjects no 280 460 15.0 1.6
(n=16[mean %100  £B0 £120 66 +0.74
+S8.D.])

*Significandy different from value in normal subjects (P‘<0.001).
1Significantly different from velue in narmal subjects {P<0.0001).

although. the absolute numbers (per cubic ‘milii.
meter) were below normal. The ratio of Leu-3+/
Leu-2+ cells was markedly depressed in all patients, ¢
relative to the normal control ratio of 1.6. The per-
centage of cells bearing TIO was increased in all l'our
patients.

Discussion”™

: These patients presented a distinct'and unusual:
clinical syndromc. All were exclusively homosexual
and had been in excellent health before laté 1980.
Their medical histories ‘did not suggest preexisting
immunodeficiency. All were anergic and had infec-
tions in which cell-mediated immunity plays the’
major part in host defense. P. carinii pneumonia, ex-
tensive mucosal candida infections, and chronic viral
shedding .were uniformly present. Cytomegalovirus
was recovered from secretions in all four patients. A
significant rise in specific antlbody (Patients 2 and 4)
indicated recent infection or reactivation. The pres-
entation in Patient 3 differed in that.protracted fever
did not precede the development of esophageal candi-
diasis 'and pneumocystis pneumnonia. The. initial ill-
ness in Patients 1, 2, and 4 resembled primary cy(
tomegalovirus-induced mononucleosis in previously
healthy adults.'+'* However, the persistence of fever
for more than three months and the occurrence of leu-
kopenia, lymphopenia, and opportunistic infection
are not features of the cytomegalovirus-mononucleo-
sis syndrome in the normal host. These patients’ clin-
ical courses resemble those of primary cytomegalovi-
rus infections in some renal-transplant recipients in
whom iatrogenic immunosuppression undoubtedly
enhances the severity of infection.!”*® Although the
prednisone administered early in the course of infec-
tion in Patient 1 may have impaired the host response
to cytomegalovirus, systemic viral infection persist-
ed despite discontinuation of corticosteroids’ three
months before his death. The chronic viral infections
in Patients 2, 3, and 4 were clearly unrelated to the
administration of immunosuppressive agents. The ret-
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inal lesions (cotton-wool spots) observed in Patients 2,
3, and 4 did not appear to represent ocular infection,
since they frequently resolved spontaneously. These
lesions are seen in.patients with systemic lupus ery-
thematosus, uncontrolled hypertension, or.diabetes
mellitus. They are described in association with florid
cytomegalovirus-retinitis but not as an isolated find-
ing in systemic cytomegalovirus infections. These le-
sions represent microinfarctions and could be related
to the circulating immune complexes documented in
these patients. Analysis of the immune complexes for

antigenic content is in progress. The cxplanation for .

the elevated” IgA levels in these pancnts remains
unclear.

The fact that this illness was first observed in homo-
sexual men is probably not due to coincidence, It sug-
gests that a sexually transmitted infectious agent or
exposure, to a common environment has a critical role
in the pathogenesis of the immunddeficient state. Sex-
ually transmitted infections, including cytomegalo-
virus, are highly prevalent in the male homosexual
community.?2. In a recent study, 94 per cent of ex-
clusively homosexual men-had serologic evidence of
cytomegalovirus infection, as compared with 54 per
cent of heterosexual men attending the same venere-
al-disease clinic. The shedding of virus for pro-
loriged ‘periods in many secretions, including semen,
facilitates sexual transmission.?® The four patients de-
scribed in this report did not know each other. In-
depth interviews did not reveal common contacts or
knowledge of sexual partners who had been ill. There
were no differences among the patients with respect to
history of sexually transmitted disease. Patient 3 was
highly sexually active and frequented homosexual
bars and bathhouses. Patient 1 had lived with one
partner for seven years, and Patients 2 and 4 had sev-
eral regular partners. All patients had serologic evi-
dence of hepatitis B infection in the distant past; how-
ever, none had chronic liver disease or hepatitis B
antigenemia. There was_no history of exposure to a
common prescribed or illicit drug..

‘An increased predisposition to othér opportunistic
mfccuons has’ been suspected in immunocompro-
mised hosts who have had cytomegalovirus infection.
Coincident pneumnocystis pneumonia and cytomega-
lic inclusion disease was recognized in premature or
otherwise debilitated European infants who died
in the 1930s and 1940s with what was then termed

“interstitial plasma cell pneumonia.” ** After renal
and cardiac transplantation, primary cytomegalovi-
rus infection has been associated with greater mortal-
ity and an increased incidence of pulmonary super-
infection, including P. carimii¥* In normal mice,
infection’ with murine cytomcgalovu‘us produces
marked immunosuppression and increased mortality
from doses of bacteria or candida that are usually not
lethat.* .

In normal subjects cytomegalov:rus-lnduced mono-
nucleosis is associated with in vitro alterations of cel-
lular immune function, which include depressed lym-
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phocyte proliferation and interferon’ production in
response to mitogens and herpesvirus antigens.¥?
Depression of T-cell numbers and of proliferative re-
sponses to the degree observed in our patients (Table
2) has not been reponed to occur in cytomegalovnrus-
induced syndromcs in normal persons.

Our patients had a marked imbalance of periph.
eral-blood T-cell subsets, as defined with monoclonal
antibodies.” The most striking abnormalities were
nearly total elimination of Leu-3+ - helper/inducer
cells and-'an abnormally ‘increaséd percentage of
Leu-2+ suppressor/cytotoxic cells. Thus, the normal
ratio of T helper cells to T suppressor/cytotoxic cells
was markedly inverted. The absolute numbers of cells
in both subsets were decreased. A very similar rever-
sal of the normal ratio of helper T cells to suppres-

sor/cytotoxic T cells has recently been reported as a
uniform occurrence in uricomplicated cytomegalovi-
rus-induced infectious mononucleosis.>* Although this
abnormality was most pronounccd during the acute
phase of the illness, it persisted in some patients for at
least 10 months. The virtual absence of the-Leu-3+
subset was undoublcdly the major conmbulmg factor
to the severe immune dcficiency observed in our
patients. The mechanism of this differential effect on
the Leu-3+ subset is still unclear; since cytomegalo-
virus has not been shown to infect subpopulatlons of
lymphocyles ‘directly.®* Inércased immune suppres-
sion due to a relative excess of cells with the suppres-
sor phenotype could compound the deficiency. In
addition, suppressor monocytes, which have been
demonstrated inthe peripheral blood of normal per-
sons * with- cytomegalovirus mononucleosis,’' could
have contributed to the immune deficiency in our
patients. The percentage of cells with the thymocyte-
associated surface antigen T10 was markedly elevat:
ed in all our patients. High percentages of peripheral-
blood lymphocytes bearing T10 have been reported in
Epstein-Barr virus-induced mononucleosis and in
toxoplasmosis.’*** ‘'We suspect that the increase in
T10+ cells in our patients was due to the documerit-
ed cytomegalovirus infection, since there was no
evidence of toxoplasmosis or reactwahon of Ep-

. stei in-Barr virus.

Patient 3 had Kaposi’s sarcoma eight months after
he had presemed with mucosal candida and pneumo-
cystis pneumonia. A recent report described a laige
number of cases of Kaposi’s sarcoma in young homo-
sexual men, four of ‘whom "also had Pneumocystis
pneumonia.*’ In older adults, this neoplasm is associ-
ated with serologic evidence of chronic cytomegalovi-
rus infection:**** We recently studied the peripheral-
blood T cells of two young homosexual men who

) prcsc'nted with exclusively lymphadenopathic Ka-

posi’s sarcoma with no evidence of infection. The - pat-
tern was similar to that observed in the four patients
described above, with respect to inversion of-'the
Leu-3+/Leu-2+ ratio (0.46 and 0.6). This finding
further suggests a relation between the immunodefi-
ciency syndrome and the recént appearance of Kapo-
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si’s sarcoma in the homosexual population. Complete
evaluation of our other three patients, including en-
doscopy of the upper and lower gastrointestinal tracts,
disclosed no evidence of Kaposi’s sarcoma; however,
they remain under observation because of the possi-
bility that it will develop. :

The reason for the appearance of these two unusu-
al illnesses in male homosexuals remains unclear. It is
known that after infection with cytomegalovirus, very
high titers of the virus may be shed in the semen of
asymptomatic subjects for more than a year.? In a re-
cent study cytomegalovirus viruria was detected in 14
per cent of homosexual men 18 to 29 years old.? Since
urine samples were cultured only once, the true inci-
dence may be even higher. It is therefore likely that
sexually active, young homosexual men are frequent-
ly reinfected through exposure to semen and urine of
sexual partners. Such reinfection with large inocu-
lums of virus before recovery from the cellular im-
mune dysfunction induced by previous cytomegalovi-
rus infection could conceivably lead 10 overwhelming
chronic infection and immunodeficiency or Kaposi’s
sarcoma. In mice, induction of cytomegalovirus infec-

tion by large inoculums of virus leads to destructionof

lymphoid elements and profound depression of im-
mune responses.’®# The possibility also exists that
these syndromes are related to a particular strain of
cytomegalovirus transmitted initially. within the male
homosexual population. We acknowledge the possi-

bility that cytomegalovirus infection was a result’

rather than a cause of the T-cell defect, and that
some other exposure to an undetected microorgan-
ism, drug, or toxin made these patients susceptible to
infection with opportunistic organisms, including cy-
tomegalovirus. However, at this time cytomegalovi-
rus is highly suspect, in view of its prevalence among
male homosexuals and its previously documented po-
tential for immunosuppression.

To date there has been no indication of spontane-

ous recovery of cellular immunocompetence in our
surviving patients. All have continued to have a severe
wasting syndrome despite intensive supportive meas-
ures. Pneumocystis pneumonia recurred in two of
the three patients who did not receive TMP-SMZ
prophylaxis. We therefore believe that long-term
TMP-SMZ prophylaxis should be initiated in such
patients after the first episode of pneumocystis. At
present it is unclear whether antiviral and antifungal
agents, intensive nutritional support, or immuno-
stimulators will prove useful in the management of
this syndrome. , .

Note added in proof: Since submission of this manuscript we have
documented this syndrome in an additional four homosexual pa-
tients and in two exclusively heter ! men, Cy galovirus
was cultured from the semen of one of the heterosexual cases: The

latter cases are under i mtenswe study for environmental exposurcs
in with h | patients. To date, we have not en-

countered femnale patients with this syndrome.

We are indebted to Dr. William §. Martin (Clinical Microbiolo-
gy Laboratory, UCLA Center for the Health Sciences) and Violet -
Fiacco and Dr. Marjorie Miller (Clinical Virology Section) for their
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eﬂons; to the UCLA medical house staff for their assistance in car.
ing for these pauenu to Diane Smith and Loretta Chai for excel.
lent technical assistance; to Drs. Eugcne Rogolsky, Michac) Roth,
and Jay Sugerman for referring patients; to Drs. Gary Holland and
Thomas Pettit for performing the ophlhalmologlc examinations; to
Dr. Lowell S. Young for reviewing the manuscript; and to the \hd.
ical Immunology Laboratory (Dr. john Fahey, Director) for per-
forming tests or tlular ir
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AN OUTBREAK OF COMMUNITY-ACQUIRED PNEUMOCYSTIS CARINII PNEUMONIA
Initial Manifestation of Cellular Immune Dysfuncuon

Henry \dAsun M.D,, MARY ANN Mlcusus M.D,, JeFrrey B. GREENE, M.D,, Ipa OnoraTo, M.D,,
RoserT A. VANDE Stouwg, M.D., Pu.D., RoperT S. HorzmaN, M.D.,-GaRY Womussn M.D.,
Lee an’rmm M.D., MICHAEL Lance, M.D., Henry W. Murray, M.D.,

AND SUSANNA CunnNiNGHAM-RUNDLES, PH.D.

Abstract Eleven cases of community-acquired
Pneumocystis carinii pneumonia occurred between
1979 and 1981 and prompted clinical and immuno-
togic evaluation of the patients. Young men who were
drug abusers (seven patients), homosexuals (six), or
both (iwo) presented with pneumonia. Immunologic
testing revealed that absolute lymphocyte counts,
T-cell counts, and lymphocyte proliferation were dé-
pressed, and that humoral immunity was intact. Of the

11 patients, one was found to have Kaposi's sarcoma, .

P.NEUMOC?‘STIS CARINII is a ubiquitous or-
ganism that infects human beings by a respira-
tory route. The organism appears to be relatively
avirulent, since it rarely if ever causes disease in im-
munologically competent persons.'? In North Ameri-
ca, almost all cases have occurred in patients who
have had diagnoses of primary congenital immuno-
deficiencies or who have received immunosuppressive
chemotherapy for malignant neoplastic diséase or
organ transplantation.!?

Despite the rarity of P. carinii pneumonia in previ-
ously healthy persons, we recently recognized 11 cases

From the depaniments of Medicine, The New York Hospital-Cornell,
Rockefeller University, New York University, Queens Hospital Center Af-
filiation Long Island Jewish-Hillside Medica! Center, St, Luke’s-Roosevelt
Hospital Center, Bronx Veterans Administration Medical Center, Brooklyn
Veterans Administration Medical Center, and Memorizl Sloan-Kettering
Cancer Center, New York, Address reprint requests to Dr. Masur at Cornell
Medical College, A-431, 1300 York Ave., New York, NY 10021.

Drs. Masur and Murray are 1ecipients of the Teacher-Scientist Award
from the Andrew W. Mellon Foundation, Dr. Michelis is a recipient of the
Arthritis Foundation Fellowship. _ ’ .
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and another had angloimmunoblastic lymphadenop-

athy. Eight patients dled. In the remaining three, no -
diagnosis of an immunosuppressive disease was es-

tablished, despite persistence of immune defects.

These cases of pneumocystosis suggest the impor-

tance of cell-mediated immune function in the de-

fense against P. carinii. The occurrence of this infec-

tion among drug abusers and homosexuals indicates

that these groups may be at high risk for this in-

fection. (N Eng! J Med. 1981; 305:1431-8.)

of this disease in young men with no previous history
to suggest immunologic dysfunction. All 11 men were
drug abusers or homosexuals or both. Each was found
to have similar 1mmunologlc defects indicative of ab.

normal cell-mediated immunity. The clinical, epi-
demiologic, and immunologic features of this popula-

“ tion are the subject of this report.

METHODS
Selection of Patlents

Between July 1979 and April 1981, infectious-disease consult-
ants in the New York me(ropohtan area became aware of several
cases of P corinii pneumonia in adults with no histary suggestive of

logic incomp e. Consul from several medical in-
stitutions, who regularly meet at an intercity infectious-disease con-
ference, were qucned about similar cases. Thirteen patients were

“reported from nine hospitals: 11 patients at seven hospitals were

made available for this study. A dmgnom of P. carinii pneumonia
was accepted only if abundant P. caninii organisms (identified by .
methenamine silver or Gram-Weigert stain) were present in areas
of lung tissue, if an inflammatory cellular or exudative response was
present, and if no other cocxistent organisms were d ated by
pathological examination, by cuhwauon (for bacteria, fungi, and
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