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A B S T R A C T Transfer factor (TF) derived from
donors with strong delayed hypersensitivity to coccidioi-
din (CDN) was administered to four patients with ac-
tive disseminated or progressive pulmonary coccidioido-
mycosis. The clinical and immunologic response to TF
was studied.

Before the administration of TF, all four patients had
defective thymus-derived lymphocyte (T-cell) function.
In no case were lymphocytes in culture stimulated to
incorporate [3H]thymidine when exposed to CDN. Cases
1 and 2 had no skin test response to CDNor other anti-
gen, nor was antigen-induced migration inhibition factor
(MIF) release detected. Cases 3 and 4 had skin reac-
tivity to CDNas well as MIF release. Lymphocyte re-
activity to phytohemagglutinin (PHA), as measured
by the incorporation of ['H]thymidine, was low or ab-
sent in all.

After the administration of TF, patients with nega-
tive skin tests became reactive to CDN, MIF release
was present in all but case 1, and lymphocyte stimula-
tion was present in response to CDN in all.

Lymphocyte reactivity to PHA was also increased
after the administration of TF in all cases. All re-
sponses to single doses of TF were transient, lasting
no more than 10 days. Subsequent doses were less
effective at restoring lymphocyte stimulation once it
had waned. Multiple doses of TF administered at fre-
quent intervals appear to be the most effective way to
maintain lymphocyte reactivity.

Clinical response to the administration of TF cor-
related closely with specific transfer as measured by
response to CDN in skin test, lymphocyte stimulation,
and MIF release. After TF administration, all patients
mounted a more effective host response against the
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infecting fungus. In each patient, smears and cultures
became negative. Fistulas, when present, diminished
in extent or closed; and pulmonary infiltrates cleared.
Nonspecific signs of infection such as fever, weight
loss, and anorexia also improved. Clinical improve-
ment paralleled immunologic improvement. When im-
munologic improvement was transient so was clinical
improvement. Multiple doses of TF at frequent inter-
vals may maintain transferred T-cell reactivity. TF
may prove to be a useful adjunct in the management
of patients with coccidioidomycosis. Whether TF from
CDN-negative donors may have similar effects is not
known and requires exploration.

INTRODUCTION

The variability of clinical response to infection with
Coccidioides iminitis has been recognized for many
years. Using the development of cutaneous delayed hy-
persensitivity (CDH) ' to intradermal coccidioidin
(CDN), it has been established that 90% of residents
in highly endemic areas become infected by C. immitis.
Yet, clinical disease is uncommon (1). In the great
majority of instances, the inhaled fungus is contained
in the lungs by granuloma formation. Yet, in some,
progressive pulmonary disease occurs, and in a small
number, the infection disseminates from the lungs to
other organs.

Expanding knowledge of the role of cell-mediated
immunity (CMI) in conditioning the response to other
infections led us to question its potential contribution
to the clinical variability of patients infected with C.
iutinitis. This question was stimulated by the observa-
tion that 50% of patients with disseminated disease

1 Abbrcviationts used in this paper: CDH, cutaneous de-
layed hypersensitivity; CDN, coccidioidin; CF, comple-
ment fixation; CMI, cell-mediated immunity; MIF, mi-
gration inhibition factor; PHA, phytohemagglutinin; SI,
stimulation index; SK-SD, streptokinase-streptodornase;
T cell, thymus-derived lymphocytes; TF, transfer factor.
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failed to develop CDH to intradermal CDN (2). More
recently, we have shown that patients with a poor
biologic response to C. immnitis infection have abnormal
thymus-derived lymphocyte (T-cell) function in re-
sponse to both mitogen and specific antigen (3) These
data have suggested that enhancement of CMI in such
patients might have therapeutic potential. The most
promising current avenue for achieving such enhance-
ment is the administration of transfer factor (TF).

TF is a dialyzable extract of immune leukocytes
which is capable of transferring cellular immunity from
an individual with CDH to CDN to a nonreactive re-
cipient (4). Therapeutic use of TF began in 1969 in
a patient with the Wiskott-Aldrich syndrome ( 5).
Subsequently, it has been used to treat a variety of
other illnesses associated with defective cellular im-
munity (6). AMore recently TF has been administered
to patients with intracellular infections such as muco-
cutaneous candidiasis (7-9), leprosy (10), and coccidio-
idomycosis (11, 12). The present report describes the
results of TF administration on the clinical course of
coccidioidomycosis and the reactivity of lxymphocvtes
to CDN and phvtohema gglutinin (PHA) in four
patients.

METHODS
Patient selection. Four patients ranging in age from 7

to 58 yr were studied. Diagnosis of coccidioidomycosis was
confirmed in each by bacteriologic or histologic demon-
stration of C. inintitis. Clinical course was followed with
X ray and serologic studies (complement fixation [CF]
and precipitin) and bacteriologic examinations at appro-
priate intervals. Disseminated coccidioidomycosis was di-
agnosed when bacteriologic or histologic demonstration of
C. immnitis was made in any organ outside the lungs.

Skin tests. Antigens used were: CDN 1: 100, 1: 10
(Cutter Laboratories, Berkeley, Calif.) ; streptokinase-
streptodornase (SK-SD) 5 U (Varidase, Lederle Labora-
tories, Pearl River, N. Y.); histoplasmin (Parke, Davis &
Co., Detroit, Mich.); purified protein derivative (U. S.
Public Health Service); trichophytin 1: 1000 (Hollis-
ter-Stier Labs., Spokane, Wash.); Mumps (Lederle Lab-
oratories). Each antigen was injected intradermally in a
volume of 0.1 ml. Induration was measured at 48 h. A
positive reaction is defined as over 5 mminduration.

Antigen and mtitogcni. CDN was prepared from C. iml-
mitis, Silviera, by Dr. Demosthenes Pappagianis (TS-1-
72). Previous studies have demonstrated that antigenicity
of CDN in skin test does not correlate with either protein
or carbohydrate concentration (13). Accordingly, the dose
of CDN is expressed as a dilution of the crude extract.
Each culture was stimulated with three doses of CDN, 0.01,
0.05, 0.1 ml of 1: 10 dilution. PHA was purchased from
Burroughs Wellcome Co. (Research Triangle Park, N. C.).
A dose range from 0.1 to 12 jug/ml was explored. Maximal
stimulation was found at 3 Mug/ml in both immune and
nonimmune subjects. Patients with coccidioidomv-cosis also
demonstrated maximal response to 3 Ag/ml. Consequently,
all studies reported here were performed at that dose.
Lyophilized SK-SD was reconstituted in phosphate-buffered

saline (PBS), dialyzed exhaustively against PBS, and
stored, at a concentration of 1,000 U/ml. 50 U/ml was
used to stimulate cultures.

Lymphocyte transformation. Peripheral venous blood
was collected into a syringe containing 20 U of preserva-
tive-free heparin/ml of blood. The syringe was placed up-
right at 370C to allow sedimentation of erythrocytes. The
leukocyte-plasma layer was collected and centrifuged at
800 g for 10 min. The leukocytes were resuspended in F10
medium (Grand Island Biological Co., Grand Island, N. Y.)
and washed twice with media. The cells were suspended
in FlO medium supplemented with 20%o plasma from a
single AB+ donor and placed in culture at 750,000 lym-
phocytes/ml. Triplicate 2-ml cultures containing 1.5 X 106
lymphocytes, were incubated at 370C in 5% C02-enriched
air atmosphere. Stimulated and control cultures were ter-
minated at days 3 and 5 for PHA, days 5, 7, and 9 for
CDN. Control unstimulated, mitogen-stimulated, and an-
tigen-stimulated cultures were treated in the same manner.
1 h before each culture was to be terminated, 1 ,Ci [3H]-
thymidine was added to each tube. Incubation was con-
tinued for 1 h at 370C. The culture was terminated with
100-fold excess of unlabeled thymidine and centrifuged at
4VC. Cells were washed with saline twice. The cell mass
was treated with 5 ml 6.7%o trichloroacetic acid at 4VC.
Precipitate was collected by centrifugation and redissolved
in 1 ml 0.1 M NaOH. This procedure was repeated three
times. Finally, the precipitate was dissolved in 2 ml Proto-
sol (New England Nuclear, Boston, Mass.) and mixed
with 10 ml of Aquasol (New England Nuclear). [PH]
incorporation was measured as beta scintillation in a
Packard liquid scintillation counter (Packard Instrument
Co., Inc., Downers Grove, Ill.). Stimulation which was
twofold or greater was considered a positive response.

MWacrophage inhzibition factor. MIF production was as-

sayed by the technique of Rocklin, Myers, and David (14),
modified in that peripheral blood leukocytes are collected
as described above. Eagle's minimal essential medium, Spin-
ner modification (Grand Island Biological Co.), was used
to culture 3 X 106 lymphocytes in 1 ml. Triplicate cultures
were stimulated with three doses of CDN, (0.01, 0.05, 0.1
ml of 1:10 dilution) or SK-SD (100 U). Controls in-
cluded media without cells or antigen, media with cells and
no antigen, media with antigen and no -cells. Tubes were
incubated at 370C in 5% CO2-enriched air atmosphere.
Supernate was collected from each tube at 24, 48, and 72 h.
At 24 and 48 h, 4 ml of f resh media containing the
same concentration of antigen as originally used was added
to the cells.

Supernatant fluids from like cultures were pooled, di-
alyzed against distilled water, lyophilized, and reconstituted
to 20% of their original volume. Peritoneal exudate cells
were collected from Hartley strain guinea pigs. Intraperi-
toneal injection with 30 ml of mineral oil was made. 72 h
later, the peritoneal cavity was drained and washed with
media. The peritoneal exudate cells were collected and
washed three times in media. Capillary tubes were loaded
with a cell suspension and packed by centrifugation. Capil-
lary tubes were cut at the cell interface and mounted in
Mackaness type chambers. Chambers were filled with
processed supernatant fluid from the above described cul-
tures or controls. Migration of guinea pig peritoneal exu-
date cells was measured by planimetry at 24 and 48 h.
Migration in experimental chambers containing supernates
of lymphocytes cultured with antigen was measured and
divided by migration in control chambers containing super-
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nates of lymphocytes cultured without antigen. Percent was
obtained by multiplying by 100. Inhibition of migration by
20%o or more in experimental chambers as compared with
control chambers is indicative of MIF production.

Preparation of TF. Donors of TF met the following
criteria: (a) They had CDHto intradermal CDN (1: 100)
in 48 h of over 20 mmof induration; (b) ['H]thymidine
incorporation after lymphocyte culture in the presence of
CDN was at least four time greater than control cultures
on the 6th day; (c) MIF was released when lymphocytes
were cultured in the presence of CDN; (d) Australia anti-
gen was not detected in peripheral blood. Lymphocytes were
harvested by leukophoresis of 2 U of whole blood or by
leukophoresis on the Aminco cell separator (American In-
strument Co., Inc., Silver Springs, Md.). TF was pre-
pared by our modification (5) of the method of Lawrence
(4). The cells were suspended in saline, frozen, thawed,
and refrozen until all cells were ruptured, then treated with
DNAase and magnesium sulfate. This preparation was
placed in a dialysis sac and dialyzed against distilled water.
The dialysate was lyophilized and reconstituted in 2 ml
normal saline. Each dose was prepared from a single donor
and is defined as the amount of TF obtained from 5 X 10'
lymphocytes. The preparations were tested for pyrogenicity
and were passed through a 0.22-Am Millipore filter (Milli-
pore Corp., Bedford, Mass.) before use. Ability to cause
transfer in normal, nonsensitive individuals was also as-
sayed by skin test, MIF release, and lymphocyte stimulation
in response to CDN. TF was given subcutaneously, and in
addition, TF was given subcutaneously twice in an attempt
to achieve local transfer.

CHARACTERIZATIONOF STUDY
PATIENTS

Clinical status. Case 1 was a 50-yr-old Mexican
American male who was admitted to University Hos-
pital with a 4-mo history of fatigue and weight loss.
2 mo previously, he had developed a nonproductive
cough, afternoon fever, and night sweats. 4 wk later,
he noted anorexia, weakness, and weight loss. 1 wk
before admission, he observed a generalized rash which
subsequently evolved into raised lesions on his face and
trunk. The fever became persistent and the patient de-
teriorated acutely over the 3 days before admission.
There was a history of diabetes. The patient bad been
born in Mexico City, lived in Imperial Beach, Calif.
for 2 yr, and had worked as a laborer on surrounding
farms.

Physical examination revealed a toxic, diaphoretic,
slightly wasted Mexican man with papular crusted
lesions on his face. Respirations were shallow with a

rate of 40/min. Fine rales were audible throughout
the chest. Cardiac examination disclosed a regular
rhythm, a rate of 120/min, and no gallops or murmurs.

The abdomen was soft, scaphoid, and nontender. The
liver and spleen were moderately enlarged. X ray of
the chest revealed a miliary lesion throughout both lung
fields. Laboratory data included: hematocrit, 33%;
leukocyte count, 9,000; erythrocyte sedimentation rate,

74 mm/h; bilirubin, 3.5 total; urinalysis, 4+ protein.
Arterial blood gas analysis on room air revealed Po2=
50 mmHg; Pco2 = 29 mmHg; and pH 7.54. Wet
mount of exudate from lesions on the face revealed
many spherules with endospores typical of C. immitis.
Similar spherules were seen on liver biopsy. Cultures
from these skin lesions as well as the blood and bone
marrow revealed C. immitis. Serologic studies with
CDN were positive: CF, 1: 512, precipitin, + 4. Skin
tests with purified protein derivative-S, SK-SD, 50
U, mumps, and CDN 1: 10 produced no induration at
24 or 48 h. Histoplasmin produced 2 mmof induration
at 48 h.

Case 2 is a 58-yr-old Caucasian man who has had
pulmonary coccidioidomycosis for 14 yr. His disease
was first discovered when a routine chest X ray re-
vealed a cavity. The patient was asymptomatic. The
diagnosis was established by histologic demonstration
of C. immitis on lung biopsy. Systemic amphotericin
(3 g) was administered and the cavity closed. 7 yr
before admission, the pulmonary infection reactivated.
He was treated with further systemic amphotericin (6
g) and again responded. 3 yr before admission and
again just before admission, he had reactivation of pul-
monary infection. He also had chronic obstructive pul-
monary disease. When he entered the study, he was
chronically ill and appeared much older than his chrono-
logic age. His chest wall was thin and respiratory ex-
cursions were decreased. Breath sounds were distant
and diffuse rales were present. Chest X ray revealed
marked loss of volume and extensive fibronodular in-
filtration at both apices which had been present un-
changed for several years. There was a new alveolar
filling pattern in the left lower lobe. Sputum culture
revealed C. immitis.

Case 3 is a 37-yr-old Negro woman who has had
coccidioidomycosis for 20 yr. Her initial manifestation
was cervical adenitis. Biopsy established the coccidi-
oidal etiology and she was treated with local surgical
drainage. 5 yr later, she had had a localized pneumonia
due to C. inmitis. 10 yr before admission, she developed
widespread pneumonia due to C. immitis. She re-

ceived systemic amphotericin (4 g) and improved
slowly. 6 yr before admission, she developed a right
paraspinal mass which has persisted to the present
without change. 1 yr before admission, she developed
an abscess in the right gluteal area. This was accom-

panied by fever, sweats, and pain at the site of the
abscess. Culture of the abscess yielded C. immitis. A
program of irrigations with 50 mg amphotericin and
local surgical drainage three times a week, was begun.
This program was continued until admission, when it
was demonstrated that irrigation fluid placed in the
gluteal abscess was recovered in the airway. Physical
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TABLE I

CDHin Patients with Coccidioidomycosis before the Administration of TF

CDN Candida SK-SD Purified
Tricho- protein Histo-

1:10 1:100 1:1000 1:400 Mumps S U 50 U phytin derivative plasmin

Case 1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 2*
3 35 8 17 12 17 0 0
4 9 0 0 0 0 0 0 12 0 0

* Millimeters of induration measured 48 h after intradermal injection of test antigen.

examination upon entry to the study revealed a thin,
chronically ill woman. Cervical nodes were matted but
revealed no acute inflammniation. The fistulous tracts
were found draining from the lower quadrant of each
gluteal area. X rays demonstrated a right paraspinal
mass from T7-12. Sinograms revealed broad fistulas ex-
tending from each gluteal area to the lateral border of
the psoas bilaterally communicating with the para-
spinal mass at T7-12 and emptying into the left lower
lobe bronchus.

Case 4 is a 7-yr-old Mexican girl who developed
paraplegia at age 2. At the age of 5, a full workup
revealed that her neurologic defect was secondary to
an extensive paraspinal inflammatory mass which had
enveloped and partially destroved the third, fourth,
and fifth thoracic vertebral bodies. She also had ex-
tensive pulmonary infiltration at both upper lobes. C.
immnzitis was cultured from her sputum and from ab-
scess fluid. Over the next 18 mo the patient was given
daily intravenous amphotericin to a total dose of 8 g.
She also had several surgical procedures designed to
remove necrotic tissue, attempt bone grafts, and main-
tain adequate drainage. Despite vigorous medical and
surgical treatment, the fistulas continued to drain
copious quantities of material which contained viable
C. immnitis. She was debilitated and toxic at the time
of admission to the study. Examination revealed a 40-lb
Mexican girl who was underdeveloped, chronically ill,
and too weak to get out of bed. There was a 10 X 5-cm
fluctuant mass over the spine at C7 draining a vellow
discharge. There were rales On auscultation of the
right upper chest. The child was unable to move her
lower extremities. These muscles were atrophied and
there was a Babinski on the right. Osteolvtic changes
were seen in several ribs as well as the vertebral bodies
of C4-7. Infiltrates were present in both upper lobes and
left lower lobe. Contrast study demonstrated extension of
the fistulous tract through the pleura into the posterior
mediatinum at the level of T9.

RESULTS
Base-line immunologic data. All four patients had

defective T-cell function. Cases 1 and 2 had negative

skin test to CDN as well as all other antigens tested.
Cases 3 and 4 had positive skin tests to CDN as
well as other antigens (Table I). MIF production was
detected upon stimulation by CDN in cases 3 and 4,
however [8H]thvmidine incorporation was not in-
creased by CDN in any patient (Table II).

Immunologic responsc to TF. Case 1 was given
1 U of TF subcutaneously on three occasions (Fig. 1).
The 1st U of TF was divided. 10% was given subcu-
taneously on the upper arm in preparation for later
skin testing. The remainder, as well as the two sub-
sequent doses, was given subcutaneously in the thighs.
Intradermal CDN 1: 10 was applied at two sites 24 h
after TF administration. The skin test applied at the
site of previous subcutaneous TF administration devel-
oped erythema and soft cutaneous edema which mea-
sured 20 mm. The skin test applied on normal, un-
prepared skin produced no reaction. 5 days after the
1st U of TF, [3H]thymidine incorporation after stimu-
lation with CDNwas significantly increased. Response
to PHA unfortunately was not measured in this first
post-TF sample; response to SK-SD was measured
and was increased 7.5-fold over control. MIF produc-
tion was not detected. 14 days after the first dose of
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FIGURE 1 Illustrates the course of case 1. The upper panel
indicates little response to PHA at any time. The lower
panel demonstrates that the first dose of TF was followed
by vigorous responsiveness to CDN.
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TABLE II
Clinical and Immunologic Response to TF

Lymphocyte SI

Skin test response to CDN PHA CDN MIF response to CDN
Clinical

improvement Before TF After TF Before TF After TF Before TF After TF Before TF After TF

1 yes - + 8 1 1 8
2 yes - + 1-2 1-5 1 4 - +
3 yes + + 5-10 40-110 1 5 + +
4 yes + + 12-16 100-271 1 8 + +

TF, lymphocyte stimulation was down almost to con-
trol level. 2 subsequent U of TF had no demonstrable
effect on the response to PHA in vitro or to CDN in
vitro or in skin test. An overview of the response in
each case is presented in Table II.

Case 2 was given 7 U of TF subcutaneously (Fig.
2) over an 11-mo period. Intradermal CDN1: 100 was
applied at two sites 24 h after the injection of the
1st U of TF. The skin test applied at the site of previ-
ous subcutaneous TF administration developed 9 mm
induration at 48 h. The skin test applied over normal,
untreated skin produced no reaction. 6 days after the
1st U, in vitro studies demonstrated fourfold stimu-
lation of thymidine incorporation by CDN. A second
dose of TF was given subcutaneously 7 days after
the first. 10 days after this second dose, there was a
marked increase in thymidine incorporation in the un-
stimulated tubes without antigen and the addition of
CDN did not produce any further increase. Systemic
transfer of skin test reactivity to CDN had occurred.
2 wk after the second dose of TF, lymphocyte re-
activity had returned to pretreatment levels in both
control and CDN-stimulated cultures. 6 wk after the

second injection of TF, there was no skin test response
to CDN 1: 10. Subsequent injections of TF had no
effect on thymidine incorporation response to PHA.
There was no response to PHA in any of the cultures
over a period of 12 mo. At the 13th mo of observation,
8 wk after 2 U of TF, thymidine incorporation was 8-
fold increased over control on day 3 and 33-fold in-
creased on day 5. MIF was not detected in response to
CDN before injection of TF. After TF, MIF was
consistently released in response to CDN.

Case 3 was given 7 U of TF subcutaneously over
12 mo (Fig. 3). 5 days after her 1st U of TF, lym-
phocyte culture showed vigorous thymidine incorpo-
ration in response to CDN. Skin test response to CDN
1:100 was 35 mm induration at 48 h before the
administration of TF. Accordingly skin test response
to CDN was not repeated during the period of ob-
servation.

By the 10th day after TF, the response had returned
to base-line levels. The 2nd U of TF, as in Case 2,
was followed by a significant thymidine incorporation
in control cultures collected 10 days after the admin-
istration of TF. The 3rd U also was followed by an
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FIGURE 2 Illustrates the course of case 2. The upper
panel demonstrates no response to PHA until 13 mo. The
lower panel shows an increased incorporation in CDN-
stimulated cultures after the first two doses of TF.

FIGURE 3 Illustrates the course of case 3. Both PHA
and CDN response were found after TF on several oc-
casions.
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increased incorporation in stimulated and control cul-
tures when measured 7 days after the injection. Within

4wthat eff ect was gone, and by the 9th mo, all
studies were hack to base-line levels. A 4th U of TF
had no effect on control or stimulated cultures. Doses
five and six were given together and resulted in
marked stimulation of thymidine incorporation in re-
sponse to CDN. A single seventh dose did not prevent
a return of incorporation to a lower level. However,
CDN-stimiulated incorporation was threefold greater
than control. PHA response was absent initially. In-
creased response to PHA often followed administration
of TF. The time-course of the response to PHA was
delayed initially and became normal after TF.

Case 4 was given six doses of TF subcutaneously
over 5 mo, (Fig. 4). Skin tests were avoided during
the period of observation. 7 days after the 1st U of
TF, in vitro studies showed greater than threefold
stimulation by CDN over control. Four more doses
of TF were given,. one each week over the next
month. In vitro studies showed an initial elevation of
incorporation in control cultures which dropped toward
base-line levels later in the month. CDN continued to
stimulate significant incorporation. TF was withheld
for 5 wk. At the end of that period, the response to
CDN and control cultures had returned to pretreat-
ment levels. Stimulation index (SI) 2 response to PHA
initially ranged between 12 and 14 on day 3. SI on
day 5 was 73. After TF, the SI of lymphocytes to PHA
was increased (SI 271 on day 3 and 145 on day 5).
When TF was withheld for 5 wk, the SI dropped to
18 on day 3 and 38 on day 5.

Clinical response to TF. Case 1 was treated with
amphotericin 50 mg/day intravenously as well as TF.

2 SI refers to counts per minute in culture with antigen
or mitogen divided by the counts per minute in culture with-
out antigen or mitogen.
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FIGURE 4 Case 4 had marked increase in response to
CDNand PHA in response to repeated doses of TF. They
both returned to base-line levels after 6 wk with-out TF.

48 h after the administration of TF, the patient de-
veloped erythema multiforme around the raised lesions
on his skin. He developed a similar lesion around the
site of CDN injection but not at other antigen injection
sites. The induced skin lesions persisted for several
days but did not become raised or indurated. A biopsy,
of one of the lesions showed perivascular infiltration
by lymphocytes. His fever diminished, and the patient
became more active and regained appetite. The skin
lesions became smaller and began to heal. (Fig. 5).
Spherules of C. himmitis which had been abundant in
the exudate of skin lesions decreased markedly in
number of the first 2 wk of therapy. Spherules could
not be found even on histologic examination of skin
lesions. Multiple cultures revealed no C. imiinitis. The
patient's subsequent course was one of slow deteriora-
tion with cachexia, Coombs positive hemolvtic anemia,
and hepatic dysfunction. He died /7 wk after therapy

k~
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FIGURE 6 Case 3 (A) and (B) show extensive fistula formation at the time of entry to the
study.

with TF had begun. The cause of death was not ap-
parent. Postmortem examination could not be obtained.

Case 2 did not receive concomitant amphotericin
therapy. The patient improved gradually over several
weeks after receiving TF. His sputum production de-
creased and cultures were negative for C. immitis. His
exercise tolerance, weight, and sense of well-being all
increased. During the period from the 7th to the 10th
mo when TF was withheld, the patient deteriorated
dramatically. Sputum production increased, severe he-
moptysis occurred, and an area of infiltration observed
previously on chest X-ray became a large cavity.
Sputum culture was positive for C. immitis and Esche-
richia coli. TF therapy was reinstituted and sputum
culture promptly became negative. Slow clinical im-
provement followed with increased exercise tolerance
and weight gain. CF with CDN was positive to a
titer of 1:256. Serial studies revealed no change in
titer over the period of 13 mo.

Case 3 had a broncho-mediastinal-retroperitoneal-
cutaneous fistula which drained necrotic material. Bac-
teriologic study of that material demonstrated C. immi-

tis. The basic therapy that had been administered for
13 mo before study entry, as well as during the study
period, consisted of instillation of 50 mg amphotericin
into the fistulous tract three times each week. Concurrent
with the first three doses of TF, drainage from the
fistulas decreased in amount and stopped on the right
side. Culture of the wound failed to recover fungi.
A sinogram showed no fistula on the right, and on the
left the fistula no longer traversed the diaphragm. When
TF was not administered through the 9th mo of follow-
up, drainage increased from both fistulas and a sino-
gram demonstrated re-establishment of both fistulous
tracts and their communication with the posterior medi-
astinal areas and the airway. Renewed TF therapy,
given at frequent intervals, resulted in reclosure of
the fistula on the right and decreased drainage on the
left. (Fig. 6).

Case 4 had been receiving amphotericin 15 mg/day
intravenously at the onset of the study. This was con-
tinued for the entire study period. The patient was ex-
tremely ill when she received her first dose of TF.
Subsequent doses were given regularly until she had
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FIGURE 6 (C) Case 3 after 4 wk of therapy, see text.

received six doses. Over the 2 mo period of TF ad-
ministration, the patient experienced continuous im-
provement. She quickly became afebrile; her drainage
diminished, then stopped; the fistulous tract healed
over; and she regained neurologic function to the point
that she was able to walk with ease. During the next
2 mo, she continued to improve with increase of weight,
and resumed near normal activity. Radiologically, her
pulmonary infiltrates have nearly resolved, a nodule
has formed in the lingula and bone lesions appear to
be healing (Fig. 7).

DISCUSSION
The treatment of coccidioidomycosis presents a difficult
set of problems. Amphotericin is the only currently
available standard agent with activity against C. im-
mitis. Systemic administration of amphotericin is often
associated with significant toxic effects; i.e., chills,
fever, nausea, shock-like picture, potassium loss, renal
failure, and anemia (15). In addition, the drug is only
fungistatic and requires host defense mechanisms to
rid the body of infection. Mortality rates in dissemi-
nated coccidioidomycosis, particularly acute dissemina-

tion, remain high (16). These patients frequently lack
skin reactivity to CDN despite a vigorous antibody
response as detected by CF (16).

In a previous report (3), we demonstrated that pa-
tients with a poor biologic response to infection with
C. immitis show a defect in skin test reactivity to CDN.
They also show defects in cellular immunity in vitro as
manifested by failure to undergo lymphocyte stimula-
tion and MIIF release in response to CDN. An abnormal
kinetic response in lymphocyte stimulation to CDNand
PHAhas also been demonstrated.

TF is capable of transferring skin test reactivity
from a skin test positive donor to a skin test negative
normal recipient (17). Not only skin reactivity but
also in vitro parameters of cellular immunity are trans-
ferred (18). TF is exceedingly potent, the amount con-
tained in 0.1 ml of packed leukocytes being sufficient
to transfer systemic reactivity to a normal individual
(19). These observations led to attempts to use TF
therapeutically to reconstitute patients with diminished
cellular immunity (6-12). In these conditions TF has
been clearly shown to cause conversion of skin tests and
in vitro tests of cellular immunity. However, clinical
response is more difficult to assess.

The administration of TF to patients with coccidi-
oidomycosis offers a unique opportunity to study sev-
eral interrelated questions. What is the nature of the
defect in CMI in patients wvitlh coccidioidomvcosis ?
Can it be corrected by TF? What effect does TF have
on the course of clinical disease? Is that effect related
to specific immunologic action of TF?

In this study we chose not to discontinue the admin-
istration of amphotericin in those patients who were
receiving it (cases 1, 2, and 4) since the disease was
considered life-threatening and the efficacy of TF is
unproven. The prognosis in case 1 was bleak. Fatality in
patients with acute coccidioidal fungemia has been
reported to be 100% (16). Cases 2 and 4 had had a
long period of observation on standard therapy which
served as an internal control. Case 3 was treated with
TF alone. All patients in this study showed a defect in
cellular immunity to CDN in at least one of the
three tests used (skin reactivity, lymphocyte stimula-
tion, or MIF release). Clinical response to infection
was inadequate in all patients. As indicated above case
1 had a bleak prognosis. Cases 2, 3. and 4 had not been
able to clear the infection even after 2-18 yr of con-
ventional therapy. With the exception of the MIF re-
lease, which remained negative in case 1, all three
tests of the cellular immune response became positive,
at least temporarily, in all the patients after the ad-
ministration of TF from donors sensitive to CDN. The
most striking effect of the administration of TF was
on the transfer of specific response to CDN in lvml-
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FIGURE 7 Case 4 (A) shows chest X ray at the time of entry to the study, (B) after 8 wk
of therapy, see text.
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phocyte stimulation. No patient had lymphocyte stimu-
lation by CDN before TF; all became positive after
TF. We did not determine the specificity of transfer
by the administration of TF derived from the donors
without sensitivity to CDN.

The transient nature of the transferred immunity in
the patients presented is in contrast with the reported
results in normal where evidence in skin and in vitro
for transferred sensitivity persists for months to years
(19). In our patients, the conversion of skin test re-
activity was transient. Increased lymphocyte stimula-
tion to CDN, which appeared within 24 h of administra-
tion of one dose of TF, was lost usually within 10 days.
Subsequent single doses of TF were less effective when
initial transferred reactivity had waned. Reconversion
required multiple doses, as in case 2. These data sug-
gest that the best approach is to repeat doses fre-
quently, as in case 4. Even in case 4, when exquisite
sensitivity to CDNhad been transferred, it waned when
TF was not administered over a period of 6 wk. Similar
loss of transferred reactivity and failure to regain it
with further administration of TF has been observed
in a patient with a completely unrelated disease, severe
combined immunodeficiencv diseases.3 Montgomery,
South, and Wilson (20) have made a similar observa-
tion and have further noted that, when reactivity was
lost to one antigen, it could still persist to a second,
unrelated antigen. The mechanism responsible for this
failure to re-establish reactivity after loss of initial
TF-transferred sensitivity is not at all clear. One pos-
sible explanation could be that TF acts on a precursor
cell which may have specificity for an antigen or
group of antigens. This cell is induced under the influ-
ence of specific TF to "mature" and become reactive
to the specific antigen in vivo and in vitro. When these
short-lived specific T cells are eliminated at the site of
infection or their capacity to interact with antigen
altered, specific sensitivity to CDN wanes. If the pre-
cursor cells are in limited number, or more immature
or less responsive cells to TF must be called forth,
greater doses of TF maxy be required. With time pre-
cursor cells may be regenerated from a more imma-
ture population of cells. The generation of new TF-
responsive cells may explain the observation that when
additional TF is given later. responsive cells may be
present (11). The lack of reactivity to PHA is not a
marker that can be used to predict the lack of response
to TF.

Two patients showed marked changes in their re-
sponse to PHA after TF. This observation has not
been previously reported. Most recipients of TF re-

Pirof sky, B., and L. E. Spitler. Unpublished obser-
vations.

ported in the literature have been responsive to PHA
before TF administration. A few patients whose lym-
phocytes were unreactive in the mixed lymphocyte
response have had TF administered. These patients
regained the capacity to react in the mixed lymphocyte
response after TF administration (21). While change
in PHA responsiveness in two patients cannot be con-
sidered a definitive observation, it does suggest that
TF may have nonspecific as well as specific effects.
Nonspecific enhanced lymphocyte reactivity may be in-
duced by the crude TF preparation in addition to the
transfer of specific reactivity. The nonspecific effects
are not necessarily due to the specific active material
in the preparation but may be part of the crude
extract of cells.

Although the clinical response to TF is the most
difficult aspect of the study to assess, each patient had
at least some objective evidence of clinical improvement
after TF. Response to the first dose was the most
marked. The effect was transient, and if TF were not
continued, the patient deteriorated. This was most ob-
vious in cases 2 and 3. Case 4 showed the most
striking response to TF. This patient had had optimal
medical and surgical therapy for over a year, yet drain-
ing fistulas persisted. She had extensive infection and
was toxic. After several doses of TF, and improvement
in the in vitro correlates of CAII, she steadily im-
proved clinically, began to gain weight and lead a
near normal life.

The observation that case 1 developed erythema mul-
tiforme after the initial dose of TF is of considerable
interest. Erythema multifornme, when it occurs in coc-
cidioidomycosis, is associated with erythema nodosum
and is part of the primary infection in patients with
strong delayed hypersensitivity to CDN (22). At the
time of TF administration, case 1 had no skin re-
action to CDN 1: 10, his lymphocytes were not stimu-
lated by CDN nor was AIIF release detected. Within
24 h after the administration of TF, erythema multi-
forme had developed around skin nodules, prior CDN
test sites, and apparently uninvolved skin. TF adminis-
tration was followed by positive response to CDN by
lymphocytes in culture; AIIF and skin test remained
negative. The time of onset of ervthema multiforme
and the fact that the setting was not typical for that
seen in coccidioidomycosis certainly suggest that the
lesion was related to the administration of TF. Ervth-
ema nodosum was noted in four patients with leproma-
tous leprosy after the administration of TF. The skin
lesions were transient in the lepronmatous patients, as
they were in the patient with coccidioidonmvcosis, and
probably do not constitute a major hazard to TF
therapy (10). We are unable to comment on the spe-
cificity of the clinical and immunologic response to TF
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from CDN-positive donors since TF from CDN-nega-
tive donors was not studied. Having demonstrated an
effect of TF in these patients the specificity of re-
quirements of TF should be addressed in further
studies.

A major concern before the initiation of TF therapy
was whether the sudden re-establishment of specific
cellular immunity in patients with widespread infec-
tion might result in an overwhelming adverse reaction.
In the studies by Bullock in patients with leprosy, ma-
jor systemic adverse effects of TF were not observed
(10). Case 1 was of particular concern since he had
coccidioidal fungemia and miliary disease to the ex-
tent that pulmonary gas exchange was greatly impaired.
With the administration of TF his gas exchange did
not deteriorate. His general condition improved despite
the occurrence of erythema multiforme. The clinical
improvement, as well as the lymphocyte stimulation by
CDN, was short lived and could not be regained with
subsequent doses of TF. At the time of death there
was no evidence of active infection. Appropriate cul-
tures revealed no fungi. The cause of death cannot be
determined with certainty since autopsy was not per-
formed. Again the question of TF toxicity must be
addressed. A review of the clinical course may be
helpful. He did show laboratory and clinical evidence
of improvement and clearing of active infection. His
therapy included amphotericin of course, at a dose of
125 mg/day. He suffered hepatic dysfunction, micro-
angiopathic anemia, and sodium wasting. However, at
the time of entry to the study, case 1 had acute mili-
ary disease and coccidioidal fungemia. Mortality in
such patients is reported to be universal, even with
amphotericin (16).

These studies demonstrate that all of the param-
eters of cellular immunity tested (skin test reactivity,
lymphocytes stimulation, and MIF production) can be
reconstituted, at least temporarily, by the use of TF
in patients with disseminated coccidioidomycosis. They
further suggest that clinical benefit to the patient may
result. It is important to establish firmly whether or

not the addition of this immunotherapeutic regimen
to the standard therapy of disseminated coccidioidomy-
cosis with amphotericin may result in clinical benefit to
the patient and/or shortening of the course of ampho-
tericin therapy.

The correlation of clinical improvement with im-
munologic reconstitution in these patients provides
strong evidence for the role of CMI in clearing infection
with C. immitis. Full elucidation of the mechanisms in-
volved and the therapeutic potential of TF await fur-
ther investigation.
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