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Cell-mediated immunity was assessed in 14 Brazilian patients with acute
untreated American visceral leishmaniasis (AVL) and in 11 healthy patients
successfully treated 1 to 14 years previously. The diagnosis ofAVL was established
by demonstration of leishmania in bone marrow aspirates. The responsiveness of
peripheral blood mononuclear cells to Leishmania chagasi antigens and phyto-
hemagglutinin was studied in vitro. Soluble preparations of L. chagasi antigens
were obtained from frozen-thawed promastigote cultures. L. chagasi antigen-
stimulated lymphocytes from untreated AVL patients were unresponsive and
incorporated a mean of 1.2 ± 0.5 X 10' cpm after a [3H]thymidine pulse. The
cured AVL patients had 19.1 ± 7.2 cpm, and 15 normal control subjects had 0.8
± 0.1 cpm. There was no difference in the response of controls and either
untreated or cured AVL patients to phytohemagglutinin stimulation. Three of
four untreated AVL patients responded to L. chagasi antigens when restudied 2
to 4 weeks after therapy. The impaired response of lymphocytes from untreated
AVL patients could not be attributed to either reduced numbers of circulating T
cells or the inhibitory effect of monocytes or serum factors.

Leishmania are obligate intracellular protozoa
which cause a spectrum of disease in man rang-
ing from self-healing skin ulcers to fatal visceral
infections (13). American visceral leishmaniasis
(AVL) is caused by Leishmania chagasi and
clinically is characterized by fever, hepatosple-
nomegaly, anemia, leukopenia, and marked hy-
perglobulinemia (13). AVL occurs primarily in
children and is usually fatal if untreated. A sim-
ilar disease caused by L. donovani is called kala-
azar in Africa and Asia.
Experimental studies in rodents have sug-

gested that host control of leishmania infection
is dependent on intact cellular immune mecha-
nisms (1, 3, 17, 20). Immunosuppression of L.
enriettii-infected guinea pigs with antilympho-
cyte serum (4) or disruption oflymphatics drain-
ing the site of skin infection (12) results in dis-
seminated cutaneous lesions. T cell depletion of
mice naturally resistant to L. tropica infection
delays resolution of their disease (19). Studies of
cell-mediated immunity in acute human visceral
leishmaniasis have been limited to the demon-
stration ofimpaired delayed-type skin hypersen-
sitivity reactions to leishmania antigens (16).
This study demonstrates that peripheral blood
mononuclear cells from untreated AVL patients
are unresponsive to L. chagasi antigen in blast-
ogenesis assays. The impaired response is spe-
cific, rapidly reversible with effective chemo-

therapy, and not attributable to either depletion
of T cells or the inhibitory effect of serum or
monocytes.

(This work was presented in part at the
20th Interscience Conference on Antimicrobial
Agents and Chemotherapy, New Orleans, La.,
22 to 24 September 1980.)

MATERIALS AND METHODS
Subjects. The 40 subjects studied include 14 pa-

tients with untreated AVL, 11 patients with cured
AVL, and 15 healthy control subjects. Patients with
untreated AVL were hospitslized in Salvador, Brazil.
The diagnosis of AVL was confirmed by demonstra-
tion of leishmania in Giemsa-stained bone marrow
aspirates. All untreated patients had fever, hepato-
splenomegaly, and hyperglobulinemia. Cured AVL pa-
tients met similar diagnostic criteria, but were suc-
cessfully treated with one or more courses of penta-
valent antimony 1 to 14 years (mean, 4.1 years) pre-
viously. They were asymptomatic and without hepa-
tosplenomegaly at the time of the study. The control
subjects included laboratory personnel and healthy
relatives of study patients. The range and median age
of subjects in the three groups were as follows: un-
treated AVL patients, 1 to 20 years (median, 8 years);
cured AVL patients, 4 to 17 years (median, 9 years);
and control subjects, 6 to 40 years (median, 19 years).

Collection, separation, and culture of mono-
nuclear cells. Human peripheral mononuclear cells
were separated from heparinized venous blood by cen-
trifugation over a Ficoll-Hypaque gradient as previ-
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ously described (9). The mononuclear cell band was
washed twice in RPMI with penicillin and strepto-
mycin (GIBCO Laboratories, Grand Island, N.Y.) and
incubated (37°C) for 1 h. The cells were washed again
in RPMI and resuspended in RPMI supplemented
with either 15% heated (56°C for 30 min) autologous
or pooled human AB serum at a final concentration of
106 cells per ml. Aliquots (0.2 ml each) of this cell
suspension were cultured in flat-bottom microtiter
plates (Linbro Chemical Co., New Haven, Conn.) for
blastogenesis assays. In some experiments, cell prep-
arations were depleted of monocytes by incubating
(37°C for 45 min; 5% C02-95% air) 10 x 106 to 15 x 106

mononuclear cells in 6 ml of RPMI-20% fetal calf
serun in plastic dishes (100 by 15 mm) (Falcon Plas-
tics, Oxnard, Calif.). Nonadherent cells were collected,
and the procedure was repeated. This resulted in a
reduction of monocytes from 29 ± 4% of the original
cell preparation to 3 ± 2% of the final preparation.
Monocyte-depleted cell preparations were used to de-
termine the percentages of T, B, and L lymphocytes.
T cells were characterized by their ability to bind
sheep erythrocytes, and B cells were characterized by
detecting surface immunoglobulin with fluorescein-
ated goat anti-human globulin (Hyland Laboratories,
Deerfield, Ill.) (14). L cells are non-T, and non-B, Fc
receptor-positive cells.
Lymphocyte blastogenesis assay and mixed

lymphocyte reaction. Mononuclear cell prepara-

tions contained both monocytes and lymphocytes un-

less otherwise indicated. Triplicate cultures were in-
cubated (37°C; 5% C02-95% air) for 3 days with phy-
tohemagglutinin (PHA) (Sigma Chemical Co., St.
Louis, Mo.) in concentrations which yielded final PHA
dilutions of 1:10, 1:100, and 1:200. Cell cultures were
incubated for 5 days with L. chagasi antigens in at
least three concentrations ranging from 0.5 to 25 ,g of
protein per ml of culture. The data presented are the
mean responses of triplicate cultures to the antigen or

mitogen concentration giving the greatest amount of
[3H]thymidine incorporation. In 6-day mixed lympho-
cyte reactions, 105 cells from untreated AVL patients
were used as responders or treated with mitomycin C
(Sigma Chemical Co.) and used as stimulators (9).
[3H]thymidine incorporation was quantitated by liquid
scintillation spectrometry after a 4-h pulse of cell
cultures with 1 liCi of [3H]thymidine (6.7 Ci/mM)
(New England Nuclear Corp., Boston, Mass.) Statis-
tical analysis utilized the Student t test. All popula-
tions were of equal variance, as determined by the F
test.
L chagasi antigen preparation. A strain of L.

chagasi from a Brazilian AVL patient was isolated
from a bone marrow aspirate onto 5% blood agar

overlaid with saline. The strain was subcultured every
2 weeks in liquid liver infusion tryptose medium (2).
Promastigote forms from these cultures were washed
three times in phosphate-buffered saline, resuspended
in phosphate-buffered saline with 108 promastigotes
per ml, and rapidly frozen (-70°C) and thawed (37°C)
six times. The lysate was centrifuged (16,000 x g) for
10 min, and the supernatant was collected. L. chagasi
antigens were quantitated by the protein content in
the supernatant as determined by the method of
Lowry et al. (15). The antigen preparation was stored
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at -20°C. Dose response curves were performed by
using lymphocytes from 5 healthy patients with cured
AVL and different concentrations of L. chagasi anti-
gens (0.5 to 150 jg of protein per ml) in blastogenesis
assays. Responses were maximal after 5 days of
cell cultivation. [3H]thymidine incorporation (mean
counts per minute + standard error of the mean
[SEM] x 10-3) after cell cultivation with 0.5, 5, 25, 75,
and 150 jig of protein per ml of L. chagasi antigens
was 2.4 ± 1.2, 11.5 ± 4.4, 13.0 ± 7.2, 14.4 ± 6.6, and
12.8 ± 1.6, respectively. Control subjects' mononuclear
cells cultivated with identical concentrations of L.
chagasi antigens yielded (in counts per minute ± SEM
x 103) 0.2 ± 0.1,0.6 ± 0.2, 0.6 ± 0.1, 2.0 ± 0.3, and 2.0
* 0.7.

RESULTS

A profile of 14 untreated AVL patients and
their lymphocyte responses to PHA and L. cha-
gasi antigens is shown in Table 1. The patients
had a 6.5-month median duration of illness and
were unresponsive to the intradermal injection
of leishmania antigens. The mean values of sev-
eral laboratory parameters (not shown) were as
follows: albumin, 2.9 g%; globulin, 6.4 g%; he-
matocrit, 26.2%; white blood cell count, 3,400/
mm3. Patient 10 did not respond to pentavalent
antimony therapy and died of septicemia com-
plicating severe leukopenia 2 months after these
studies were performed. There were no other
deaths in this group, and all other patients re-
sponded well to PHA. In contrast, lymphocytes
from all patients except number 12 were unre-
sponsive to L. chagasi antigens. Lymphocytes
from patients 9, 12, and 13 were active in the
mixed lymphocyte reactions, both as responders
and stimulators.
The mean of the lymphocyte response to PHA

and L. chagasi antigens of the 14 untreated AVL
patients, the 11 patients with cured AVL, and
the 15 healthy controls is shown in Table 2.
Lymphocytes from cured AVL patients re-
sponded to L. chagasi antigens, whereas the
response ofthe untreated AVL group was almost
identical to that of the normal controls. There
were no significant differences in the response of
the three groups to PHA.
Four patients with untreated AVL were re-

studied after successful pentavalent antimony
therapy (Table 3). Bone marrow aspirates were
negative for leishmania at this time. Three of
the initially unresponsive patients had enhanced
responses to L. chagasi antigens 2 to 4 weeks
posttherapy. The fourth subject was restudied 1
week after treatment and exhibited no change.
There were no differences in the pre- and post-
therapy responses to PHA in these patients.
The absolute number of peripheral blood lym-

phocytes was below the lower limits of normal
in patients 1, 3, 4, 7, and 13. Their quantitative
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TABLE 1. Profile of untreated AVL patients and lymphocyte response to PHA and L. chagasi antigen

Duration of ill- [ BH]thymidine incorporation
Patient Age (years) Sexnesmoaness (mo) PHAa L. chagasib

1 3 M 4 118.4 ± 3.5 0.2 ± 0.1
2 7 M 8 125.4 ± 4.7 0.3 ± 0.1
3 5 F 1 105.1±2.3 0.9±0.4
4 7 M 2 40.1 ± 1.0 0.8 ± 0.1
5 5 M 8 44.8 ± 5.8 0.4 ± 0.1
6 19 M 4 28.7 ± 1.4 0.2 ± 0.1
7 3 M 24 28.4 ± 3.6 1.3 ± 0.6
8 20 M 6 22.2 ± 3.1 0.2 ± 0.1
9 14 M 12 11.0 ± 0.1 0.8 ± 0.2
10 10 M 7 1.0 ± 0.5 0.2 ± 0.1
11 18 M 6 28.8 ± 3.2 0.6 ± 0.2
12 20 M 9 35.8 ± 8.4 8.0 ± 1.4
13 14 M 7 17.9 ± 0.4 2.0 ± 0.4
14 7 M 6 8.5 ± 0.8 0.8 ± 0.2

a The mean counts per minute ± SEM (x 10-') of control unstimulated 3-day mononuclear cell cultures was
0.5 ± 0.1. Data are given as mean counts per minute (± SEM) x 10-3.
'The mean counts per minute ± SEM (x 10-') of control unstimulated 5-day mononuclear cell cultures was

0.3 ± 0.1. Data are given as mean counts per minute (± SEM) x 10-3.

TABLE 2. Lymphocyte response to PHA and L.
chagasi antigen in AVL patients

[3H]thymidine incorporationa
Type of subject

PHA L. chagasi

Untreated AVL (14)b 44.0 ± 11.0C 1.2 ± 0.5d
Cured AVL (11) 62.7 ± 13.9 19.1 ± 7.3
Control (15) 62.6 ± 7.0 0.8 ± 0.1

a The mean counts per minute ± SEM (x 10-') of
control unstimulated cultures was 0.4 ± 0.1 and 0.3 ±
0.1 after 3 and 5 days of cultivation, respectively. Data
are given as mean counts per minute (± SEM) x 10-3.
'The number of patients studied in each group is

indicated within parentheses.
c Untreated AVL versus cured AVL,P > 0.3; un-

treated AVL versus controls, P > 0.1; cured AVL
versus controls, P > 0.99.

dUntreated AVL versus cured AVL, P < 0.025;
untreated AVL versus controls, P > 0.4; cured AVL
versus controls, P < 0.02.

counts were 1,248, 1,125, 975, 1,665, and 1,475
lymphocytes per mm3, respectively. Lympho-
cyte subpopulations were enumerated in 11 un-
treated AVL patients. Cell percentages for the
group were similar to those of controls. The
mean percent ± 1 standard deviation of T, B,
and L cells was 64 + 14, 7 + 4, and 10 + 7,
respectively, in untreated AVL patients and 74
+ 9, 8 + 3, and 13 + 7 in 11 control subjects. The
numbers ofT cells for patients 6, 10, and 13 were
two standard deviations below that of the con-
trol group. Studies using autologous and AB
serum did not demonstrate a serum inhibitory
effect on the ability of lymphocytes from patient
13 to bind sheep erythrocytes. Patients 6 and 13
had normal numbers of T cells when restudied
2 weeks after antimony therapy. No correlation

could be made between either the absolute lym-
phocyte count or the numbers of T, B, and L
lymphocytes and the in vitro response of periph-
eral blood lymphocytes to L. chagasi antigens.
Patients were unresponsive to this antigen,
whether T cell numbers were normal or de-
pressed.
The responsiveness of mononuclear cells from

untreated AVL patients to L. chagasi antigens
was not restored by cultivation of cells for 5 days
with pooled AB serum. Cultivation of cells from
five patients with L. chagasi antigens and au-
tologous serum resulted in a mean of 1.0 ± 0.2
x 10' cpm, and the mean was 1.2 ± 0.5 x 10-3
cpm when pooled AB serum was included in the
media. Control unstimulated cultures had a
mean of 0.5 ± 0.2 x 10-3 cpm.
Depletion of monocytes from the mononu-

clear cell preparation also did not enhance the
lymphocyte response in blastogenesis assays.
Monocyte-depleted cultures incubated with L.
chagasi antigens and autologous serum for 5
days incorporated [3H]thymidine in an amount
(0.5 ± 0.1 x 10-3 cpm) which was no greater
than either control unstimulated cultures (0.3
± 0.1 x 10-3 cpm) or cultures containing up to
29% monocytes (0.8 ± 0.2 x 10-3 cpm).

DISCUSSION
In this study, lymphocytes from untreated

AVL patients did not respond to leishmania
antigens in blastogenesis assays. This finding
supports the hypothesis that visceral leishman-
iasis is associated with impaired cell-mediated
immunity. It is consistent with the observation
that these patients do not respond to the intra-
dermal injection of leishmania antigens with a
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TABLE 3. Lymphocyte response to PHA and L.
chagasi antigen in AVL patients before and after

therapy
[3H]thymidine incorporation

Patient Before therapy2 After therapyb

PHA L. chagasi PHA L. chagasi

6 28.7± 1.4 0.2±0.1 28.9±1.0 6.6±0.5
8 22.2±3.1 0.2 ±0.1 ND 3.0±0.5
9 11.0 ± 0.1 0.8 ± 0.2 12.1 ± 1.9 6.5 ± 0.8
11 28.8 ± 3.2 0.6 ± 0.2 [36.7 ± 5.5 0.6 ± 0.1

a The mean counts per minute ± SEM (x 10-3) of
control unti cultures before therapy was 0.3
± 0.1 and 0.7 ± 0.2 after therapy. Data are given as
mean counts per minute (± SEM) x 10-3.

b Patients 6, 8, and 9 were restudied 2, 4, and 3
weeks after therapy, respectively. Patient 11 was re-
studied 1 week after therapy. ND, Not done.

delayed-type hypersensitivity reaction (16). The
response to specific antigens was restored to
normal within 4 weeks of successful chemother-
apy in three of four patients. Similarly, Manson-
Bahr reported conversion of skin tests from neg-
ative to positive within 6 weeks of therapy and
positive skin tests in 80% of cured AVL patients
within 2 years of treatment (16).
The lymphocyte response to PHA and mixed

lymphocyte cultivation was not suppressed in
untreated AVL patients. This specificity in im-
munosuppression is sinilar to that observed in
untreated lepromatous leprosy. These patients
have a normal blastogenic response to PHA and
other bacterial antigens despite a lack of re-
sponse to specific Mycobacterium leprae anti-
gens (7). Ghose et al. have reported an impaired
PHA response of lymphocytes from 8 of 15 In-
dian kala-azar patients (8). One can only specu-
late as to whether their patients may have dif-
fered in severity of disease or factors, such as
nutritional status, which could result in a gen-
eralized suppression oflymphocyte reactivity (5,
18). It is noteworthy that the only untreated
AVL patient in this study who did not manifest
a normal PHA blastogenic response died despite
appropriate chemotherapy.

Depletion of small lymphocytes in thymus-
dependent regions of the spleen and lymph
nodes has been documented in untreated fatal
visceral leishxnaniasis (22). Rezai et al. have also
reported reduced numbers of circulating T cells
in Iranian kala-azar patients (21). In the present
study, five untreated AVL patients had low ab-
solute numbers of circulating lymphocytes, and
three patients had reduced numbers of T cells.
The mechanism and significance of these obser-
vations are not clear. However, since patients
with normal total lymphocyte counts and nor-
mal ratios of T, B, and L cells were equally

unresponsive to L. chagasi antigens, these find-
ings alone do not explain the immunosuppres-
sion observed.
Monocytes and serum factors are recognized

inhibitors of lymphocyte responses to antigen.
Ellner demonstrated that patients with active
tuberculosis who had low responses to purified
protein derivative in vitro had restoration of
their responses after depletion of adherent cells
from Ficoll-Hypaque-derived mononuclear cell
preparations (6). In the present study, depletion
of adherent cells did not enhance lymphocyte
responsiveness. Cultivation of celLs in pooledAB
serum rather than autologous serum also failed
to increase the lymphocyte proliferative re-
sponse to L. chagasi antigens. A specific impair-
ment of the response of lymphocytes from un-
treated lepromatous leprosy patients to M. lep-
rae antigen similarly could not be attributed to
serum factors (7).
Enhanced T suppressor cell activity repre-

sents a plausible explanation for the immuno-
suppression observed in acute AVL. Howard et
al. have suggested that the susceptibility of
BALB/c mice to L. tropica infection is a conse-
quence of suppressor T cell generation and im-
paired cell-mediated immunity (10). Diminished
delayed-type hypersensitivity reactions induced
by suppressor cells were leishmania specific and
could be transferred to normal BALB/c mice
with spleen cells. Studies utilizing mouse radia-
tion chimaeras indicate that susceptibility to L.
tropica infection is determined by descendents
of hematopoietic cells and not by host environ-
mental factors (11). The systemic study of func-
tional lymphocyte populations and other factors
that modulate lymphocyte responsiveness may
provide an explanation for the reversible im-
munosuppression observed in visceral leishman-
iasis.

ACKNOWLEDGMENTS
This work was supported by Public Health Service grants

AI16282, AM 22066, and CA 25040 from the National Insti-
tutes of Health and by grants from The Rockefeller Founda-
tion and the Brazilian National Research Council.

The expert and invaluable technical assistance of Ellen
Kulisek, Maura Jansen, and Olivia Bacelar is gratefully ac-
knowledged.

LITERATURE CITED
1. Alexander, J., and R. S. Phillips. 1980. Leishmania

mexicana and Leishmania tropica major: adoptive
transfer of immunity in mice. Exp. Parasitol. 49:34-40.

2. Bone, G. J., and G. Parent. 1963. Stearic acid, an essen-
tial factor for Trypanosoma cruzi. J. Gen. Microbiol.
31:261-266.

3. Bryceson, A. D. M. 1970. Immunological aspects of clin-
ical leishmnia. Proc. R. Soc. Med. 63:1056-1060.

4. Bryceson, A. D. ML, and J. L Turk. 1971. The effect of
prolonged treatment with antilymphocyte serum on the
course of infections with BCG and Leishmania enriettii
in the guinea-pig. J. Pathol. 104:153-165.

5. Coovadia, H. M., M. A. Parent, W. E. K. Loening, A.

VOL. 33, 1981



502 CARVALHO, TEIXEIRA, AND JOHNSON

Wesley, B. Burgess, F. Hallet, P. Brain, J. Grace,
J. Naidoo, P. M. Smythe, and G. H. Vos. 1974. An
evaluation of factors associated with the depression of
immunity in malnutrition and in measles. Am. J. Clin.
Nutr. 27:665669.

6. Eflner, J. J. 1978. Suppressor adherent cells in human
tuberculosis. J. Immunol. 121:2573-2579.

7. Faber, W. R., D. L Leiker, I. M. Nengerman, W. P.
Zeijlemaker, and P. T. A. Schellekens. 1978. Lym-
phocyte transformation test in leprosy: decreased lym-
phocyte reactivity to Mycobacterium leprae in lep-
romatous leprosy, with no evidence for generalized im-
pairment. Infect. Immun. 22:649-656.

8. Ghose, A. G., J. P. Haldar, S. C. Pal, B. P. Mishra,
and K. K. Mishra. 1979. Phytohaemagglutinin-induced
lymphocyte transformation test in Indian kala-azar.
Trans. R. Soc. Trop. Med. Hyg. 73:725-726.

9. Horwitz D. A., and M. A. Garret. 1977. Distinctive
functional properties of human blood L lymphocytes: a
comparison with T lymphocytes, B lymphocytes and
monocytes. J. Immunol. 118:1712-1721.

10. Howard, J. G., C. Hale, and F. Y. Liew. 1980 Immu-
nological regulation of experimental cutaneous leish-
maniasis. m. Nature and significance of specific sup-
pression of cell-mediated immunity in mice highly sus-
ceptible to Leishmania tropica. J Exp. Med. 152:594-
607.

11. Howard, J. G., C. Hale, and F. Y. Liew. 1980 Geneti-
cally determined susceptibility to Leishmania tropica
infection is expressed by haemopoietic donor cells in
mouse radiation chimaeras. Nature (London) 288:161-
162.

12. Kadivar, D. M. H., and E. J. L Soulsby. 1975. Model
for disseminated cutaneous leisSmaniai. Science 190:
1198-1200.

13. Lainson, R., and J. J. Shaw. 1978. Epidemiology and

INFECT. IMMUN.

ecology of leishmaniasis in Latin America. Nature (Lon-
don) 273:595-600.

14. Lobo, P. I., and D. A. Horwitz. 1976. An appraisal of Fc
receptors on human peripheral blood B and L lympho-
cytes. J. Inmunol. 117:939-943.

15. Lowry, 0. H., N. J. Rosebrough, A. L. Farr, and R. J.
Randall. 1951. Protein measurement with the Folin
phenol reagent. J. Biol. Chem. 193:265-275.

16. Manson-Bahr, P. E. C. 1961. Immunity in kala-azar.
Trans. R. Soc. Trop. Med. Hyg. 55:550-555.

17. Mauel, J., Y. Buchmuller, and R. Behin. 1978. Studies
on the mechanisms of macrophage activation. I. De-
struction of intracellular Leishmania enriettii in mac-
rophages activated by cocultivation with stimulated
lymphocytes. J. Exp. Med. 148:393-407.

18. Perez, H., I. Malave, and B. Arredondo. 1979. The
effects of protein malnutrition on the course of Leish-
mania mexicana infection in C57bl/6 mice: nutrition
and susceptibility to leishmaniasis. Clin. Exp. Immunol.
38:453-460.

19. Preston, P. M., R. L. Carter, E. Leuchars, A. J. S.
Davies, and D. C. Dumonde. 1972. Experimental
cutaneous leishmanias. III. Effect of thymectomy on
the course of infection of CBA mice with Leishmania
tropica. Clin. Exp. Immunol. 10:337-357.

20. Preston, P. M., and D. C. Dumonde. 1976. Immunology
of clinical and experimental leishmaniis, p. 167-202.
In S. Cohen and E. H. Sadun (ed.), Immunology of
parasitic infections. Blackwell Scientific Publications,
Oxford.

21. Rezai, H. R., S. M. Ardehali, G. Amirhakimi, and A.
Kharazmi. 1978. Immunological features of kala-azar.
Am. J. Trop. Med. Hyg. 27:1079-1083.

22. Veress, B., A. Omer, A. A. Satir, and A. M. El Has-
sm. 1977. Morphology of the spleen and lymph nodes
in fatal visceral leishmaniasis. Immunology 33:605-610.


