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Sixty-one patients with a variety of different illnesses were studied with
respect to skin test anergy and the presence of serum chemotactic inhibitors. In
initial testing, 55% of the patient tests demonstrated negative skin test responses

to all six test antigens. Sera from 65% of these anergic patients were capable of
suppressing the migration of normal polymorphonuclear leukocytes toward
chemotactic factors. Statistical analysis of the association of anergy and
chemotactic inhibitory sera resulted in a P value of <0.0005. Chemotactic
inhibitory sera were also capable of suppressing monocyte chemotaxis. No
association of chemotactic inhibitory activity and lymphocytotoxic antibody or
suppressors of mitogen-induced lymphocyte blast transformation were noted. In
addition, T-cell populations in some anergic patients were studied by the
erythrocyte-binding technique. Erythrocyte-binding lymphocytes in anergic
patients were significantly suppressed when compared to normal controls, but
not when compared to skin test-positive patients. The data presented here
indicate a close parallel between skin test anergy and the presence of serum
chemotactic inhibitory activity. The exact relationship is yet undefined but may
indicate the involvement of chemotactic inhibitors as immunological regulators
in the host during a variety of systemic illnesses.

Anergy has been defined as impaired or
absent ability to react to specific antigens. This
phenomenon has been described in a variety of
illnesses including cirrhosis (26), systemic lupus
erythematosus (14), lymphoproliferative disor-
ders (8, 33), uremia (32), T-cell deficiency (11),
various cancers (6, 16, 21, 29), tuberculosis (15,
18), myocardial infarction (J. Grossman, J.
Baum, J. Glockman, J. Fusner, and J. Con-
demi, Clin. Immunol. 51:127, 1974), viral
infection (5, 12, 23), patients with leukocytosis
(13; D. E. Van Epps, L. L. Palmer, and R. C.
Williams, Jr., Clin. Res. 21:509,' 1973) and in
patients after immunosuppressive therapy (19,
25, 29) or thoracic duct drainage (22). The cause
of anergy associated with immunosuppressive
therapy, thoracic duct drainage, or various
lymphoproliferative disorders may obviously be
the absence or malfunction of T cells. Anergy
associated with diseases where T-cell malfunc-
tion has not been clearly defined remains poorly
understood. In a previous study we demon-
strated and characterized leukocyte chemotac-
tic inhibitors associated with transient skin test
anergy in patients with various systemic ill-
nesses (28). Although the presence of serum
chemotactic inhibitors has been previously ob-
served (2, 7, 10, 24, 30, 31), an association with
skin test anergy had not been previously dem-

onstrated. The present study expands our ob-
servations to include a variety of different
illnesses. In addition, our experiments demon-
strate that skin test anergy did not correlate
with lymphocyte blast transformation inhibi-
tors (6; J. B. Couser and D. A. Horwitz,
Arthritis Rheum. 16:539, 1973), circulating
lymphocytotoxic antibody, or a proportional
reduction in T cells when compared to skin
test-positive patients.

.MATERIALS AND METHODS
Skin testing. Patients hospitalized on the medical

services of Bernalillo County Medical Center, Albu-
querque Veterans Administration Hospital, and Albu-
querque Public Health Service Indian Hospital for a
variety of different conditions were skin tested with a
battery of six antigens including intermediate
strength purified protein derivative, coccidioidin, tri-
chophytin, mumps, candida, and streptokinase-strep-
todornase (13, 28). In some instances sensitization
and challenge with dinitrochlorobenzene were per-
formed. In all cases skin tests were measured at both
24 and 48 h with respect to induration. Anergy was
defined if all skin test responses were 5 mm or less in
diameter. Fifty-four of the 61 patients studied had
been hospitalized with an acute systematic illness;
the remaining seven patients were drawn from indi-
viduals with multiple fractures, extensive trauma, or
postpartum states.
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Preparation of leukocytes and chemotactic
assay. Human leukocytes were prepared from periph-
eral blood of healthy adult donors. Blood was mixed
with heparin, 10 U/ml, to prevent coagulation. Neu-
trophil preparations were obtained as previously de-
scribed by plasma gel sedimentation of erythrocytes
(1). Monocytes were prepared by Ficoll-hypaque
centrifugation (4, 34). The band of mononuclear cells
was collected, washed with minimal essential medium
(MEM), and adjusted to a cell concentration of 107
cells per ml. This preparation contained from 19 to
29% monocytes.

Chemotactic factors used in this study consisted of
normal serum derived from either a single donor or a
pool of four to seven donors. Assays for chemotactic
inhibitor utilized a mixture of 10% normal serum and
10% patient serum as previously described (28).

Neutrophil chemotactic assays were performed by
using a modification of the Boyden technique (3) as
previously described (1). Monocyte chemotaxis was
performed in a similar fashion with the following
modifications: (i) a Ficoll-hypaque mononuclear cell
preparation was used as a cell indicator; (ii) a 5-jim
membrane (Millipore Corp.) was used rather than a
3-jm membrane; (iii) a 3-h incubation was allowed
instead of a 2-h incubation; (iv) MEM instead of
Hanks balanced salt solution was used as an incuba-
tion medium; and (v) cell counts were determined by
differential counts under oil immersion (100 x). Varia-
ble proportions of polymorphonuclear leukocytes were
present in the mononuclear cell preparations. These
did migrate through membrane filters (Millipore
Corp.) but could be easily identified and excluded
from enumeration of monocytes. A mixture of 10%
normal and 10% patient serum was used as a chemo-
tactic attractant and compared to results obtained
with 10% normal serum alone. Previous experiments
have shown that as the control serum concentration
was increased from 10 to 20%, chemotaxis was also
increased. Twenty-five oil immersion fields were
counted with respect to monocytes, and the average
number of monocytes per five oil immersion fields was
calculated. Due to the increased pore size of the
membranes used in the monocyte chemotaxis, an
MEM control for random mobility was necessary. The
difference between chemotaxis using MEM in the
lower chamber and that using MEM made 10% with
serum was considered to be the actual chemotaxis.

Erythrocyte binding technique for determining
T cells. The erythrocyte binding technique (E bind-
ing) for determining T-cell proportions was performed
as previously described (9, 17, 20). This technique
used human peripheral blood lymphocytes and sheep
erythrocytes to determine the percentage of lympho-
cytes with receptors for sheep erythrocytes. In the
human system these cells are considered to be T cells
(9, 17).
Lymphocytotoxic antibody. The amount of com-

plement-dependent lymphocytotoxic antibody was
determined by the method of Terasaki et al. (27). In
this assay lymphocytes from six normal donors were
prepared by Ficoll-hypaque centrifugation and used
as target cells. The percentage of kill was determined
by dye exclusion using phase-contrast microscopy.

Lymphocytotoxic antibody was considered positive
when the average percentage of kill was greater than
15%.
Blast transformation technique. Lymphocyte

blast transformation was performed as described by
Griffiths and Williams (M. M. Griffiths and R. C.
Williams, Jr., Arthritis Rheum., in press), measuring
the incorporation of tritiated thymidine. One-milli-
liter cultures containing 10" cells obtained by Ficoll-
hypaque centrifugation of peripheral blood from nor-
mal healthy adults were used as indicator cells.
Phytohemagglutinin (PHA) was used as a mitogen in
these experiments, and in all cases a PHA titration
curve was run to determine the cellular response at
various concentrations of mitogen. Dilutions ranged
from 1:20 to 1:320 of a stock preparation of PHA
(GIBCO, Grand Island, N.Y.). Combinations of nor-
mal cells with normal serum, anergic patient serum,
or diethylaminoethyl-cellulose (DEAE)-isolated IgG
immunoglobulin from anergic patients were tested to
determine if a serum inhibitor of blast transformation
was present in the sera of various patients with no
demonstrable skin test response. In some experi-
ments, fetal calf serum was used in addition to human
serum to compensate for any factors possibly absent
in patient serum but necessary for transformation.
All data were expressed as a stimulation index and
calculated by dividing the stimulated cell counts by
comparable unstimulated control at the optimal
PHA concentration.

RESULTS
Presence of skin test anergy in the patient

population. Sixty-one patients hospitalized for
a variety of different systemic illnesses were
skin tested with a battery of antigens capable of
eliciting a delayed-type skin test response.
Serial studies were performed on three of these
patients. Thirty-four of 64 tests in 61 patients
showed skin test responses of 5 mm or less to
all antigens. These patients were considered
anergic. Previous studies performed on pa-
tients representing our general hospital popu-
lation have shown that 91% showed a positive
response greater than 5 mm to at least one of
the battery of antigens used in the current
study (13).
Relationship of anergy to the presence of a

serum chemotactic inhibitor. All 61 patients
were tested for the presence of anergy-
associated serum chemotactic inhibitors (28).
Chemotaxis tests were performed by mixing a
solution of 10% normal serum and 10% patient
serum in Hanks balanced salt solution and
subsequently using it as a chemotactic attract-
ant for normal peripheral blood neutrophils.
Chemotactic counts using this mixture were
compared to results obtained using 10% normal
serum alone. If chemotactic counts were less
than 70% of those achieved with 10% normal
serum alone, the test serum was considered to
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contain chemotactic inhibitor (Table 1). When
the normal serum concentration in the lower
chamber was increased from 10 to 20%, an
increase was noted in the average number of
cells per high-power field (x400). As a corol-
lary finding, when serum from a patient with
inhibitor was used as a chemotactic attractant,
the resulting chemotaxis was negligible. When
using a mixture of 10% patient serum and 10%
normal serum, chemotactic counts were only
35% of that expected with 10% normal serum
alone, indicating the presence of chemotactic
inhibitors. Parallel experiments indicated that
chemotactic inhibitory sera also were capable of
inhibiting chemotaxis when purified C3., C5.,
or kallikrein were used as chemotactic attract-
ants.

All patients tested were compared with re-
spect to the maximal diameter of any skin test
response and the degree of chemotactic inhibi-
tion expressed as a percent of positive control
(Fig. 1). A horizontal line in Fig. 1 at the 5-mm

TABLE 1. Demonstration of serum chemotactic inhibi-
tion

Chemotactic No. of cells per Avg no. of
attractant HPF per membranea cells per HPF

10% Normal serum 90,113 102
20% Normal serum 169,172 171
20% Patient serum 3,11 7
10% Normal serum + 35,37 36
10% patient serum

a HPF refers to high-power field (x400).

mark indicates anergy. Anything below this line
was considered a negative response. The verti-
cal line at the 70% level represents the line of
chemotactic inhibition. Any point to the left of
this line indicated that the serum contained
chemotactic inhibitor. Sixty-four tests are sum-
marized in Fig. 1, since three of the 61 patients
were followed through the course of disease and
tested both at times when they were skin test
positive and negative. Comparison of chemotac-
tic inhibitors and skin test anergy (Fig. 1) shows
that 22 of the 64 points fell in the quadrant
representing anergy and the presence of inhibi-
tor. It was of interest that 13 of 22 points in this
quadrant indicated a totally negative response.
Only two points fell in the quadrant represent-
ing chemotactic inhibitor and a positive re-
sponse. One of these patients had a lympho-
proliferative disorder and the other had gono-
coccal arthritis treated with high doses of peni-
cillin. Twenty-eight of the 64 points fell in the
noninhibitor skin test-positive quadrant, and 12
points fell in the noninhibitor skin test-negative
quadrant. It should be noted that most of the 12
tests in the noninhibitor skin test-negative
quadrant indicated some skin test reactivity,
whereas only two points showed a totally nega-
tive skin test response. Statistical analysis of
the relationship of anergy and chemotactic
inhibitor resulted in a P value of less than
0.0005. This correlation constituted one of the
major findings in the present study.
The presence of anergy or inhibitor was not

associated with any one particular disease. A
patient summary showing the diagnosis and the
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FIG. 1. Relationship between chemotaxis and skin test reactivity in patient population studied. The diameter
of skin test refers to the diameter of the largest skin test response in each patient.
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presence of anergy and inhibitor in each cate-
gory is shown in Table 2. The miscellaneous
category includes one patient with cholecystitis,
one with gout, three with urinary tract infec-
tions, one with sideroblastic anemia, one with
gonococcal arthritis, one with a pelvic abscess,
one with appendicitis, one with seizures, one
gun-shot wound, one patient with cellulitis, and
one studied several days postpartum. Three
patients in Table 1 were studied serially and
results from times when both positive and
negative skin tests were observed are included.
Two of these patients were in the cirrhosis and
liver disease category, and one was in the
pulmonary category. In all three of these pa-
tients, the presence of chemotactic inhibitor
was associated with skin test anergy.

Effect of anergic patient sera with chemo-
tactic inhibitor on normal monocyte chemo-
taxis. Since delayed hypersensitivity is consid-
ered to be a mononuclear cell response, sera
from four anergic patients with neutrophil che-
motactic inhibitor were also tested with respect
to inhibitory effect on monocyte chemotaxis.
Representative results using four patients in
two separate experiments are shown in Table 3.
As can be seen, anergic-patient serum capable
of inhibiting neutrophil chemotaxis was also
capable of inhibiting monocyte chemotaxis. It
should be noted that although chemotaxis was
suppressed, random mobility did not appear to
be affected.
Presence of cytotoxic antibody in serum

from anergic patients. Since lymphocytotoxic
antibody has the potential of being a cellular
inhibitor, the presence of such an antibody in
these patients was investigated. All sera tested
were from anergic patients and contained serum
TABLE 2. Types ofpatients studied for presence of skin

test anergy and serum chemotactic inhibitor

No. of patients
Diagnosis No. of anergic with inhibitor/patient/total total

Cirrhosis and 8/13 6/13
liver disease

Pulmonary disease 10/18 9/18
Septicemia and 6/6 5/6

peritonitis
Fractures 0/4 0/4
Burns 1/2 1/2
Hodgkin's 0/1 0/1
Systemic lupus erythema- 1/1 0/1

tosus
Mononucleosis 0/2 0/2
FUOa 3/4 1/4
Miscellaneous 5/13 2/13

a Fever ofunknown origin.

TABLE 3. Inhibition of monocyte chemotaxis in the
presence of serum from four anergic patients

Chemotactic Avg mono- Actual InhibitionChemotactic nuclear chemotaxis (%)factors0 (cells/5 OIF0) (cells/5 OIF)
10% Normal 27 11 0
serum

MEM 16 0
10% Ote. + 10% 17 1 91
normal serum

10% Hol. + 10% 13 -4 100
normal serum

10% Normal 85 61 0
serum

MEM 24
10% Nat. + 10% 16 -8 100
normal serum

10% Arm. + 10% 37 13 55
normal serum

aOte, Hol., Nat., Arm.,
with chemotactic inhibitor.

QOIF, Oil immersion field.

Anergic patient serum

chemotactic inhibitors. Only four of nine con-
tained any lymphocytotoxic antibody (Table 4),
indicating that this was not clearly associated
with anergy. Furthermore, these results demon-
strated that there was no relationship between
cytotoxic antibody and chemotactic inhibitor,
indicating that chemotactic inhibition was
probably not mediated through a cytotoxic
antibody in these patients.
T cells in anergic patients as determined

by E binding. Since T cells are involved in the
delayed-type hypersensitivity reaction, the pos-
sibility that T-cell suppression was related to
the observed skin test anergy was investigated.
The E-binding technique was utilized to deter-
mine the proportion of T cells in peripheral
blood from these patients. Table 5 shows the
results of this assay on normal controls, nonan-
ergic hospitalized patients without chemotactic
inhibitor, and anergic patients with or without
chemotactic inhibitor. As can be seen, the
average E binding for anergic patients was
significantly lower than normal controls (P
<0.01) but not nonanergic hospitalized patients.
A decrease in E binding in anergic patients was
not a universal trait. Normal E-binding values
were present in the anergic group, and de-
pressed values also were recorded in the nonan-
ergic patient population (Table 5). Patients
showing lowest values for E binding among the
nonanergic group (15 and 27%) carried diag-
noses of burns and Hodgkin's disease, respec-
tively. Overall, depressed T-cell proportions
occurred more frequently among anergic pa-
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TABLE 4. Presence of lymphocytotoxic antibody in serum from patients with chemotactic inhibitor

Patient Target cell kill (%)
serum~ ChemotacticAvkil()

studied inhibition (%) Donor Donor Donor Donor Donor Donor Avg kill (%)a
1 2 3 4 5 6

Normal pool 0 10 10 10 10 10 10 10
Thom. 75 10 10 10 10 10 10 10
Val. 31 15 10 10 10 10 10 11
Oter. 95 70 50 30 70 40 80 57
Nat. 98 30 40 40 20 30 10 28
Bar. 72 10 10 10 10 10 10 10
Arm. 96 20 10 10 10 10 10 12
Yaz. 75 50 30 40 10 10 10 25
Yann. 98 10 10 10 10 10 10 10
Hol. 66 70 20 10 80 10 50 40

a Significant cytotoxic antibody was scored as being present when test serum showed 15% or greater average
percentage of killing of target lymphocyte panel.

TABLE 5. Relative proportions of peripheral blood T
lymphocytes as determined by percent E binding
among a group of normal controls, anergic and

nornanergic patientsa

Normal controls Nonanergic Anergic patientpatient

42 78 19°
77 70 55b
88 72 52b
71 77 73b
88 62 58
56 15 71
71 79 4b
52 40 58b
67 70 72b
71 75 47b
71 59 73b
63 27 54
59 60b

70
13
47
40
53

Avg 67.4 ± 13.2 60.3 4 21.4 51.0 4 20.59

a Statistical analysis of E-binding suppression in
anergic patients compared to: (i) normal controls = P
< 0.01; (ii) nonanergic patients = 0.1 < P < 0.15.

b Patient with chemotactic inhibitor.

tients. However, it was not clear whether this
was a reflection of the type or severity of disease
or related to skin test anergy.
Lymphocyte blast transformation in the

presence of anergic serum. Previous studies
by Brooks et al. (6) have demonstrated the
presence of an IgG inhibitor of blast transforma-
tion in the serum of anergic patients with
central nervous system tumors. To examine the
possible presence of such an inhibitor in the

anergic patients we accumulated, blast trans-
formation experiments were performed by using
normal lymphocytes in the presence of patient
serum or IgG isolated by DEAE chromatogra-
phy (Table 6). Part A was performed in the
presence of 10% normal or patient serum. Part B
was performed with a combination of both 10%
fetal calf serum and 10% normal or patient
serum to compensate for any lack of necessary
components in the patient serum. Part C was
performed in the presence of 10% normal human
serum with the addition of the indicated quan-
tities of DEAE-isolated normal or patient IgG
fractions. All values are expressed as a stimula-
tion index. Each control experiment was per-
formed simultaneously with the patient experi-
ment as indicated by the experiment number in
Table 6. All anergic patient sera tested con-
tained chemotactic inhibitor. These patients
did not include individuals with diagnosed
malignancies or systemic lupus erythematosus,
where IgG inhibitors of blast transformation
have been described (6; Cousar and Horwitz,
Arthritis Rheum. 16:539, 1973). No inhibitors of
blast transformation were observed in any of the
patient sera or IgG tested. In addition, partially
purified chemotactic inhibitor isolated by
DEAE (28) had no effect on mitogen-induced
lymphocyte transformation. Parallel lympho-
cyte stimulation experiments using normal lym-
phocytes and pokeweed mitogen in the presence
of serum from normal controls or anergic pa-
tients showed no significant difference in stimu-
lation index.

DISCUSSION
Thirty-four of the 64 tests on 61 patients

resulted in skin test responses of 5 mm or less.
These patients were considered anergic. Of
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TABLE 6. Mitogen-induced lymphocyte blast transfor-
mation in the presence of normal, nonanergic, or

anergic patient sera, or IgG fractions

Stimu-
Culture medium Expt no. lation

index

Serum or serum fractions from
normal controls

A. 10% NHSa

B. 10% NHS + 10% FCSb

C. 10% NHS + normal IgG
1.2 mg/ml
0.8 mg/ml

Serum or serum fractions from
nonanergic patients without
inhibitor

B. 10% Patient serum + 10%
FCS

Serum or serum fractions from
anergic patients with inhibitor

A. 10% Patient serum

B. 10% Patient
serum + 10% FCS

C. 10% NHS + IgG (patient)
1.2 mg/ml
1.2 mg/ml

1

2
1
2
3
4
5

1

2

2

4
5

1

2

1

2

3
4
5

1

2

a NHS, Normal human serum.

b FCS, Fetal calf serum.

these 34 individuals, 65% demonstrated serum
chemotactic inhibitors. The highly significant
association of anergy and inhibitor (P < 0.0005)
in these patients indicates that chemotactic
inhibitor and suppression of skin test reactivity
are closely related. Only two patients with
chemotactic inhibitor were skin test positive.
One of these patients had a lymphoproliferative
disorder and gave a skin test response 30 mm in
diameter. This is somewhat unusual and may
have been related to the disorder. The other
skin test-positive patient with chemotactic in-
hibitor was diagnosed as having gonococcal
arthritis. This patient demonstrated a very high
skin test response and had inhibitor at the 60%
level. No clear explanation is yet available for
these exceptions to the general pattern of high-

degree association between chemotactic inhibi-
tor and anergy. The remaining 22 patients
(92%) with chemotactic inhibitor were anergic.
Of these 22, 13 were totally negative in their
skin test responses. Of the 40 patients without
inhibitor, 28 were clearly skin test positive.
Twelve patients fell into a category of anergy
without chemotactic inhibitor. Although these
patients were declared anergic by our initial
criteria, many showed borderline responses and
only two in this category were totally negative
with respect to all of the skin test antigens.
These data clearly indicate that there is a close
association between chemotactic inhibitors and
anergy in these patients.
Anergy itself was not peculiar to any particu-

lar disease, as demonstrated in Table 2. In
addition to those patients investigated here,
anergy has been demonstrated by others in
lymphoproliferative disorders (8, 33), various
cancers (6, 16, 21, 29), systemic lupus ery-
thematosus (14), tuberculosis (15, 18), cirrhosis
(26), myocardial infarction (Grossman et al., J.
Allergy Clin. Immunol. 51:127), T-cell defi-
ciency diseases (11), patients with leukocytosis
(13; Van Epps et al., Clin. Res. 21:509), and in
immunosuppressed patients (19, 25, 28). It is
obvious that anergy may be related to a wide
variety of clinical disease states. Brooks et al.
(6) have described an IgG inhibitor of blast
transformation associated with skin test anergy
in patients with intracranial tumors. In addi-
tion, Cousar and Horwitz (Arthritis Rheum.
16:539) have found similar inhibitors in pa-
tients with systemic lupus erythematosus. Our
data indicate that in the patient population
here, anergic patients possessing serum chemo-
tactic inhibitors do not have serum suppressors
of mitogen-induced blast transformation. Fur-
thermore, no clear association was documented
between presence of cytotoxic antibody and the
anergic state or depressed T-cell proportions.

Overall, the data presented indicate that the
presence of chemotactic inhibitors in the sera
from anergic patients represents a close clinical
parallel. The exact relationship remains to be
defined. Chemotactic inhibitors may be in-
volved in some type of normal immunological
suppression and regulation in the host during
various disease states.

ACKNOWLEDGMENTS
This work was supported by Public Health Service grant

no. T01AI 00393-03 from the Institute of Allergy and Infec-
tious Diseases and by a grant from the Kroc Foundation.

LITERATURE CITED
1. Andersen, B. R., and D. E. Van Epps. 1972. Suppression

of human neutrophil chemotactic activity by strep-

INFECT. IMMUNITY1008



IMMUNOLOGICAL STUDIES OF ANERGIC PATIENTS

tolysin 0. J. Infect. Dis. 125:353-359.
2. Berenberg, J. L., and P. A. Ward. 1973. Chemotactic

factor inactivator in normal serum. J. Clin. Invest.
52:1200-1206.

3. Boyden, S. 1962. The chemotactic effect of mixtures of
antibody and antigens on polymorphonuclear leuko-
cytes. J. Exp. Med. 115:453-466.

4. Boyum, A. J. 1968. Isolation of mononuclear cells and
granulocytes from human blood. Isolation of mononu-
clear cells by one centrifugation and sedimentation at 1
g. Scand. J. Clin. Lab. Invest. 21(Suppl.):77-89.

5. Brody, J. A., T. Overfield, and L. M. Hammes. 1964.
Depression of the tuberculin reactions by viral vac-
cines. N. Engl. J. M4ed. 271:1294-1296.

6. Brooks, W. H., M. G. Netsky, D. E. Normansell, and D.
A. Horwitz. 1972. Depressed cell-mediated immunity
in patients with primary intracranial tumors. Charac-
terization of a humoral immunosuppressive factor. J.
Exp. Med. 136:1631-1647.

7. DeMeo, A. N., and B. R. Andersen. 1972. Defective
chemotaxis associated with a serum inhibitor in cir-
rhotic patients. N. Engl. J. Med. 286:735-740.

8. Dupuy, J. M., F. M. Kourilsky, D. Fradelizzi, N. Fein-
gold, Cl. Jacquillat, J. Bernard, and J. Dausset. 1971.
Depression of immunologic reactivity of patients with
acute leukemia. Cancer 27:323-331.

9. Froland, S. 1972. Binding of sheep erythrocytes to human
lymphocytes. A probable marker of T-lymphocytes.
Scand. J. Immunol. 1:269-280.

10. Gewurz, H., A. R. Page, R. J. Pickering, and R. A. Good.
1967. Complement activity and inflammatory neutro-
phil exudation in man. Int. Arch. Allergy Immunol.
32:64-90.

11. Good, R. A. 1972. Disorders of the immune system, p.
3-16. In R. A. Good and D. W. Fisher (ed.), Immunobi-
ology. Sinauer Associates, Inc., Stamford, Conn.

12. Hall, C. B., and F. S. Kantor. 1972. Depression of
established delayed hypersensitivity by mumps virus.
J. Immunol. 108:81-85.

13. Heiss, L. I., and D. L. Palmer. 1974. Anergy in patients
with leukocytosis. Amer. J. Med. 56:323-332.

14. Horwitz, D. A. 1972. Impaired delayed hypersensitivity in
systemic lupus erythematosus. Arthritis Rheum.
15:353-359.

15. Howard, W. L., M. D. Klopfenstein, W. J. Steininger,
and C. E. Woodruff. 1970. The loss of tuberculin
sensitivity in certain patients with active pulm6nary
tuberculosis. Chest (Chicago) 57:530-534.

16. Johnson, M. V., H. I. Mailbach, and S. E. Salmon. 1971.
Skin reactivity in patients with cancer: impaired
delayed hypersensitivity on faulty inflammatory re-
sponse. N. Engl. J. Med. 284:1255-1257.

17. Jondal, M., G. Holm, and H. Wigzell. 1972. Surface
markers on T and B lymphocytes. I. Large population
of lymphocytes forming non-immune rosettes with
sheep red blood cells. J. Exp. Med. 136:207-215.

18. Kent, D. C., and R. Schwartz. 1967. Active pulmonary
tuberculosis with negative tuberculin skin reactions.

Amer. Rev. Resp. Dis. 95:411-418.
19. Liebman, I. M., and H. C. Maquire, Jr. 1968. Mainte-

nance of delayed hypersensitivity reactions in patients
receiving cancer chemotherapy. Acta Dermato-Vene-
reol. 48:391-396.

20. Messner, R. P., F. D. Lindstrom, and R. C. Williams, Jr.
1973. Peripheral blood lymphocyte cell surface markers
during the course of systemic lupus erythematosus. J.
Clin. Invest. 52:3046-3056.

21. Olsson, C. A., C. N. Rao, J. 0. Menzoian, and W. E.
Byrd. 1972. Immunologic unreactivity in bladder can-
cer patients. J. Urol. 107:607-609.

22. Paulus, H. E., H. Machleder, R. Bangert, J. A. Stratton,
L. Goldberg, M. W. Whitehouse, D. Yu, and C. M.
Pearson. 1973. A case report: thoracic duct lymphocyte
drainage in rheumatoid arthritis. Clin. Immunol. Im-
munopathol. 1:173-181.

23. Reed, W. P., J. W. Olds, and A. L. Kisch. 1972. Decreased
skin-test reactivity associated with influenza. J. Infect.
Dis. 125:398-402.

24. Smith, C. W., J. C. Holler, E. Dupree, A. A. Goldman,
and R. A. Lord. 1972. A serum inhibitor of leukotaxis in
a child with recurrent infections. J. Lab. Clin. Med.
79:878-885.

25. Starzl, T. E., I. Penn, C. W. Putnam, C. G. Gruth, and C.
G. Halgromsol. 1971. latrogenic alterations of immuno-
logic surveillance in man and their influence on malig-
nancy. Transplant. Rev. 7:112-145.

26. Straus, B., M. R. Berenyi, J. Huang, and E. Straus. 1971.
Delayed hypersensitivity in alcoholic cirrhosis. Amer.
J. Dig. Dis. 16:509-516.

27. Terasaki, P. I., V. D. Mottironi, and E. V. Bamett. 1970.
Cytotoxins in disease. Autocytotoxins in lupus. N.
Engl. J. Med. 283:724-728.

28. Van Epps, D. E., D. L. Palmer, and R. C. Williams, Jr.
1974. Characterization of serum inhibitors of neutro-
phil chemotaxis associated with anergy. J. Immunol.,
113:189.

29. Walder, B. K., M. R. Robertson, and D. Jeremy. 1971.
Skin cancer and immunosuppression. Lancet
2:1282-1283.

30. Ward, P. A., and J. L. Berenberg. 1974. Defective
regulation of inflammatory mediators in Hodgkin's
disease. Supernormal levels of chemotactic-factor in-
activator. N. Engl. J. Med. 290:76-80.

31. Ward, P. A., and R. J. Schlegel. 1969. Impaired leucotac-
tic responsiveness in a child with recurrent infections.
Lancet 2:344-347.

32. Wilson, W. E. C., C. H. Kirkpatrick, and D. W. Talmage.
1965. Suppression of immunologic responsiveness in
uremia. Ann. Intern. Med. 62:1-14.

33. Young, R. C., M. P. Corder, H. A. Haynes, and V.
DeVita. 1972. Delayed hypersensitivity in Hodgkin's
disease; a study of 103 untreated patients. Amer. J.
Med. 52:63-72.

34. Zucker-Franklin, D. 1974. The percentage of monocytes
among "mononuclear" cell fractions obtained from
normal human blood. J. Immunol. 112:234-240.

1009VOL. 10, 1974


