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Abstract. Leishmania specific Th1/Th2 cells have been identified in humans as well as in mice. There is
a�  correlation between the clinical outcome of the infection and the cytokine response profi

�
le. Generally, the

p� roduction of Th2 cytokines leads to severe infection, whereas the production of Th1 cytokines leads to subclinical
o	 r mild infections. In mice, an infection leads to a polarisation of either Th1 or Th2 L



eishmania antigen specific

c� ells. In contrast, both Th1 and Th2 Leishmania antigen specific cells can be identified in humans cured from
L. donovani infections. Theoretically, Th1 cells and Th2 cells mutually down-regulate each other. Howeve� r, the
p� resence of antigen specific regulatory T cell subsets may provide an environment that allows the presence of
b



oth Th1 and Th2 cells.
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Leishmaniasis

The symptoms of human leishmaniasis ranges from
self-healing, localised ulcers to severe, diffuse, fatal
i

�
nfections involving all lymphoid organs. The disease

is distributed in many parts of the world, particularly in
Latin America, Africa and Asia, where it affects mil-
l

�
ions of people. Leishmaniasis has also become an in-

c� reasing problem in Southern Europe, especially in
c� ombination with HIV infection.

T
�

he disease is caused by infections with different
species of Leishmania parasites, which are unicellular
p� rotozoan parasites of the family Trypanosomatidae.
T

�
he parasites are hosted by sandflies (P

�
hlebotomus and

Lutzomyia)
�
 and mammalian cells – macrophages and

m� onocytes. The present review focuses on two species
o	 f L



eishmania parasites, L



. major and L



. donovani.

L. major is spread throughout North Africa, Middle
East, Central Africa and South Asia and causes a lo-

c� alised form of the disease manifested as one or a few
skin lesions that leave a scar. The infections are nor-
mally self-healing, although they may lead to persistent
l

�
esions. L



. donovani is found in India, China, East and

C
�

entral Africa. This species causes a visceral form of
d

�
isease known as kala-azar. The infection is spread to

a� lmost all lymphoid tissues and causes fever enlarge-
m� ent of the spleen and the liver, weight-loss and diar-
rhoea. Kala-azar is fatal if left untreated. A complica-
t

�
ion from visceral leishmaniasis, affecting patients who

h
�
ave been successfully drug-cured from visceral leish-

maniasis, is post-kala-azar dermal leishmaniasis
(PKDL). PKDL patients suffer a severe skin rash,
w� hich often affects parts of the body exposed to sun-
light. Parasites have been found in the skin of PKDL
p� atients3

�
0, 32 and PKDL has been suggested as a reser-

v� oir of infection between epidemics.
The variety of the clinical features of leishmaniasis

is large, although infection with Leishmania parasites
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m� ay also be subclinical, where individuals are infected
w� ithout showing any clinical symptoms.

Experimental Models of Leishmaniasis

E
�

xperimental models, such as infections with
L. major and L. donovani, are also extensively studied,
e� specially infections with L. major in mice. It is, how-
e� ver, important to keep in mind that infections with the
d

�
ifferent Leishmania species do not give rise to the

same clinical features as in humans. Thus, L. major
c� auses a progressive and fatal disease in BALB/c mice,
w� hereas these mice can survive infections with L. do-
n� ovani.

Susceptibility to infection with L



. major in BALB/c
mice is associated with an expansion of parasite spe-
c� ific CD4+ T cells producing IL-4, IL-5, IL-10 and
I

�
L-13 (Th2 response). By contrast, resistance to the

p� arasite, e.g. in C57BL/6 mice, results from the devel-
o	 pment of a polarised response with CD4+ T cells pro-
d

�
ucing IFN-γ  and IL-2 (Th1 response) 24, 28. The out-

c� ome of either a protective Th1 response or a fatal Th2
response can be manipulated in these mice early in the
i

�
nfection. Neutralisation of IL-4 can make a susceptible
a� nimal resistant8, 28 and resistant animals which have
b



een manipulated in their inability to produce IFN-γ 

b


ecome susceptible to the infection3

�
1.

As mentioned above, macrophages are both the cells
t

�
hat allow the parasites to multiply and the cells respon-

sible for the killing of the parasite. The intracellular
killing is mediated by IFN-γ  and involves the gener-
a� tion of NO23. Furthermore, the effect of IFN-γ  is
synergised by TNF-α, a cytokine that can be produced
b



y macrophages but also by T lymphocytes.

Leishmania-Induced Lymphocyte Response
i

!
n Unexposed Individuals

Experimental mouse models have provided the basis
for similar investigations of the role of cytokines in
h

�
uman leishmaniasis. Generally, it is difficult to com-

p� are immune responses in inbred mice to humans.
H

"
owever, results from in vitro investigations of human

T cells have suggested that features from the L. major
model in mice may be extrapolated into the human
situation20.

M
#

easurement of cytokines in culture supernatants
b



y ELISA reveals the quantity of cytokines released to

t
�
he environment. However, it does not show which

c� ells are responsible for their production. The method

o	 f intracellular staining of cytokines and analysis by
flow cytometry has recently been used to identify cel-
lular sources of cytokines in human leishmaniasis. This
m� ethod was first described in the early nineties11 and
improved when directly conjugated antibodies were in-
t

�
roduced22, 26.

P
$

BMC from some unexposed individuals can re-
spond to Leishmania antigens by the production of cy-
t

�
okines. Since the production of IFN-γ  may lead to

a�  subclinical infection, it is important to identify the
c� ellular sources of those cytokines. Both natural killer
(NK) cells and T cells have been identified as sources
o	 f IFN-γ 1, 17. A study from 1997, using intracellular
d

�
etection of cytokines, revealed that CD3+ cells were

t
�
he main source of IFN-γ 14. Using intracellular staining

o	 f cytokines and analysis by flow cytometry, we ob-
t

�
ained data that support the conclusion that the major

p� art of the T cells responding to the Leishmania anti-
g% ens in such cultures is CD4+&  T cells15. Why do T cells
from Leishmania-naïv� e individuals respond to Leish-
m' ania antigens and does this have any relevance? One
h

�
ypothesis is that cross-recognition of L



eishmania anti-

g% ens by CD4+&  T cells may determine whether an indi-
v� idual develops subclinical infections or disease and,
subsequently, if the outcome can be predicted before
e� xposure to an infected sandfly. According to this hy-
p� othesis, if there is no recognition of the antigens and
no production of IFN-γ , individuals develop the dis-
e� ase, whereas cross-recognition with subsequent IFN-γ 

p� roduction leads to sub-clinical infection.

Cutaneous Leishmaniasis

Individuals with a history of CL, caused by
L. major, have acquired immunity to the disease. These
i

�
ndividuals mount a strong Th1 L



eishmania-specific re-

sponse with high production of IFN-γ  and low produc-
t

�
ion of IL-418, 19. Furthermore, the clinical spectrum of

t
�
he disease correlates with the production of these cy-

t
�
okines. Milder presentations are associated with a pre-
d

�
ominant Th1 response, compared to more severe

c� ases, where Th2 cells also seem to be activated6
(
.

O
)

nce infection with L. major has been established,
t

�
he severity of the disease seems to be reflected in both

t
�
he production of IFN-γ  from CD4+&  T cells as well as

o	 ther cell types. The production of IFN-γ  from CD8+

T, γ /
*
δ T cells and NK cells correlates with the severity

o	 f the skin ulcer. One can hypothesize that the parasite
infection might lead to a down-regulation of the pro-
d

�
uction of IFN-γ , but it is unlikely that a localised para-

site infection would lead to a general down-regulation
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o	 f IFN-γ  producing cells in the peripheral blood. More
likely, individuals respond differently, either due to en-
v� ironmental factors or genetic differences, and this, in
t

�
urn, is reflected in the outcome of infection.

W
+

hen an individual is cured from leishmaniasis,
a�  life-long immunity to the disease is generally de-
v� eloped2

,
5. However, the response to L



eishmania anti-

g% ens is very different in individuals who have suffered
from cutaneous leishmaniasis and visceral leishma-
n- iasis. T cells from individuals with a history of cuta-
neous disease respond by the production of IFN-γ  and
TNF-α, but no or little IL-4 and IL-10. This indicates
t

�
hat a Th1-type memory has been established after
natural infection15, 16.

V
.

isceral Leishmaniasis

K
/

ala-azar is associated with a profound lymphope-
nia and an inability of peripheral T cells to respond to
a� ntigenic stimulation in vitro by proliferation and cyto-
k

0
ine production2. This, taken together with the in-

c� reased levels of certain cytokines2
,

, 3, 4, 7, 12, 33, suggests
a�  disease-induced reallocation of Leishmania reactive
T

�
 cells away from the peripheral circulation, as seen in

o	 ther infectious diseases caused by parasites9
1
. Thus,

T
�

 cells in the lymphoid tissue in patients with acute
k

0
ala-azar may be very active. We have seen that treat-

ment of leishmaniasis with drugs leads to a rapid emer-
g% ence of antigen-reactive cells into the peripheral cir-
c� ulation (unpublished data). If these cells have
p� articipated in the in vivo immune response against the
p� arasite infection, then investigation of such re-emerg-
ing cells could prove of great value.

In contrast to cutaneous leishmaniasis, T cells from
individuals with a history of visceral leishmaniasis re-
spond to L



eishmania antigens by the production of

IFN-γ , IL-4 and IL-10. One hypothesis is that, during
t

�
he acute disease, T cells in the lymphoid tissues re-
spond to the parasite by the production of IL-4 and
IL-10. During treatment, a Th1 response then emerges
a� nd leaves the individual with a mixed Th1/Th2 mem-
o	 ry response to the parasite. It is generally assumed that
IL-4 and IFN-γ  producing cell populations mutually
d

�
own-regulate each other. However, L



eishmania

a� ntigen-activated PBMC cultures from individuals with
a�  history of kala-azar often contain both IL-4 and IFN-γ 

p� roducing cells. In such cultures, no cells exist simul-
t

�
aneously producing IFN-γ  and IL-4, but a cell subset

w� hich produces IFN-γ  and IL-10 has been identified14.
I

�
L-10/IFN-γ  producing cells have previously been

g% enerated in vitro in the presence of IL-10 and named

T
�

-regulatory cells 1 (Tr1)5
2
. The IL-10 and IFN-γ  pro-

d
�
ucing cells found in the Leishmania antigen-stimu-

lated cultures might have acquired their cytokine profile
d

�
uring kala-azar when the levels of IL-10 were high

a� nd such cells might have provided the environment in
v3 itro that allows the presence of both IFN-γ  and IL-4
p� roducing cells. 

PKDL develops in about half of the patients treated
for visceral leishmaniasis in Sudan29, 30. The lesions
m� ostly heal spontaneously, although, as seen with CL
in some patients, the symptoms are severe and persist.
PBMC from PKDL patients can also respond to Leish-
m' ania antigens by the production of IFN-γ  and IL-10
from CD4+ T cells10.

G
4

enerally, L



eishmania-specific Th1 and Th2 cells
a� re found in both mice and humans following infection,
a� nd the clinical outcome is closely correlated to the
p� roduction of cytokines. However, the situation in hu-
m� ans seems to be more complicated and may involve
regulatory T cell subsets. 

A
5

cknowledgment. We thank Dr Thor G. Theander for critical com-
ments. This work was supported by grants from the Danish Inter-
national Development Agency (RUF and the ENRECA programs),
the Danish Biotechnology Program and the Novo Nordisk founda-
tion.

References

 1. AKUFFO H., MAASHO K. and HO
6

WE R. (1993): Natural and ac-
q7 uired resistance to L

8
eishmania: cellular activation by L

8
eishma-

n9 ia aehiopica of mononuclear cells from unexposed individuals
i
:
s through the stimulation of natural killer (NK) cells. Clin. Exp.

Immunol., 94, 516–521.
 2. CA

;
RVALHO E. M., BA

;
DARO R., RE

<
ED S. G. et al. (1990): Ab-

s= ence of gamma interferon and interleukin 2 production during
a> ctive visceral leishmaniasis. J. Clin. Invest., 76, 2066–2069.

 3. CILLARI E., VITALE G., ARCOLEO F. et al. (1995): In vivo and
i
?
n vitro cytokine profiles and mononuclear subsets in Sicilian

p@ atients with active visceral leishmaniasis. Cytokine, 7,�  740–
7
A
45.

 4. GH
B

ALIB H. W., PI
C
UVEZAM M. R., SK

D
EIKY Y. A. et al. (1993):

Interleukin 10 production correlates with pathology in human
Leishmania donovani infections. J. Clin. Invest., 92,�  324–329.

 5. GROUX H., GARRA A. O., BIGLER M. et al. (1997): CD4+ T-cell
s= ubset inhibits antigen specific T cell responses and prevents
cE olitis. Nature, 389, 737–742.

 6. GA
;

AFAR A., KH
B

ARAZMI A., ISF MAIL A. et al. (1995): Dichotomy
oG f the T cell response to Leishmania antigens in patients suffer-
ing from cutaneous leishmaniasis; absence or scarcity of Th1
a> ctivity is associated with severe infections. Clin. Exp. Immu-
nH ol., 100,�  239–245.

 7. HO
6

LADAY B., PO
6

MPEU M. L., JERONIM S. et al. (1993): Poten-
t
I
ial role for interleukin-10 in the immunosuppression associated

wJ ith kala azar. J. Clin. Invest., 92, 2626–2632.

K. Kemp: Cytokines in Human Leishmaniasis 175



 8. HO
6

WARD J. G., HA
;

LE C. and LI
C
EW F. Y. (1981): Immunologi-

cal regulation of experimental cutaneous leishmaniasis. IV. Pro-
phylactic regulation effect of sublethal irradiation as a result of
abrogation of suppressor T cell generation in mice genetically
susceptible to Leishmania tropica. J. Exp. Med., 153,�  557–568.

 9. HV
K

IID L., KU
L

RTZHALS J. A. L., GO
6

KA B. Q. et al. (1997): Rapid
re-emergence of T cells into peripheral circulation following
treatment of severe and uncomplicated Plasmodium falciparum
malaria. Infect. Immun., 65,�  1090–1093.

10. IS
F

MAIL A., EL
M  HA

;
SSAN A. M., KE

<
MP K. et al. (1999): Immuno-

pathology of post-kala-azar dermal leishmaniasis (PKDL)
T cell phenotypes and cytokine profile. J. Pathol. (in press).

11. JU
L

NG T., SC
N

HAUER U., HEUSSER C. et al. (1993): Detection of
intracellular cytokines by flow cytometry. J. Immunol. Meth-
ods, 159,�  197–207.

12. KA
;

RP C. L., EL
M -SA

;
FI S. H., WY

O
NN T. A. et al. (1993): I

P
n vivo

cytokine profiles in patients with kala-azar. Marked elevation of
both interleukin-10 and interferon-gamma. J. Clin. Invest., 91,�
1644–1648.

13. KEMP K., HV
K

IID L., KHARAZMI A. et al. (1997): Interferon-γQ

production by human T cells and natural killer cells in vitro
response to antigens from two intracellular pathogens Mycobac-
terium tuberculosis and L

8
eishmania major. Scand. J. Immunol.,

46, 495–499.
14. KE

<
MP K.,  KE

<
MP M.,  KH

B
ARAZMI A. et al. (1999): L

8
eishmania-

-specific T cells expressing interferon-gamma (IFN-γQ ) and IL-
10 upon activation are expanded in individuals cured of visceral
leishmaniasis. Clin. Exp. Immunol., 116,�  500–504.

15. KE
<

MP K., TH
B

EANDER T. G., HV
K

IID L. et al. (1999): Interferon-γQ

and tumour necrosis factor-αR -producing cells in humans who
are immune to cutaneous leishmaniasis. Scand. J. Immunol., 49,�
655–659.

16. KE
<

MP M., HA
;

NDMAN E., KE
<

MP K. et al. (1998): The L
8

eishma-
nia promastigote surface antigen-2 (PSA-2) is specifically rec-
ognised by Th1 cells in humans with naturally acquired im-
munity to L. major. FEMS Immunol. Med. Microbiol.,
3,�  209–218.

17. KE
<

MP M., HA
;

NSEN M. B. and TH
B

EANDER T. G. (1992): Recog-
nition of Leishmania antigens by T cells from non-exposed in-
dividuals. Infect. Immun., 2

S
2,�  2246–2251.

18. KEMP M., HEY A. S., BENDTZEN K. et al. (1994): Th1-like
human T-cell clones recognising L

8
eishmania gp63 inhibit

Leishmania major in human macrophages. Scand. J. Immunol.,
40, 629–635.

19. KE
<

MP M., HE
<

Y A. S., KU
L

RTZHALS J. A. et al. (1994): Dicho-
tomy of the human T cell response to L

8
eishmania antigens.

Th1-like response to Leishmania major promastigote antigens
in individuals recovered from cutaneous leishmaniasis. Clin.
Exp. Immunol., 9

T
6, 410–415.

20. KEMP M., THEANDER T. G. and KHARAZMI .A (1996): The con-
trasting roles of CD4+ T cells in intracellular infections in hu-

mU ans: leishmaniasis as an example. Immunol. Today, 17,
13–16.

21. KU
L

RTZHALS J. A. L., HE
<

Y A. S., JA
;

RDIM A. et al. (1994): Di-
cE hotomy of the human T cell response to Leishmania antigens.
II. Absent or Th2 like response to gp63 and Th1 like response
t
I
o lipophosphoglycan-associated protein in cells from cured vis-

cE eral leishmaniasis patients. Clin. Exp. Immunol., 96, 137–144.
22. KU

L
RTZHALS J. A. L., KEMP M., PO

6
ULSEN L. K. et al. (1995):

Interlukin-4 and interferon-gamma production by Leishmania
s= timulated peripheral blood mononuclear cells from nonex-
p@ osed individuals. Scand. J. Immunol., 41,�  343–349.

23. LE
<

I F. Y., WE
<

I X. Q. and PR
V

OUDFOOT L. (1997): Cytokines and
nitric oxide as effector molecules against parasitic infections.
P
�

hilos. Trans. R. Soc. Lond. B. Biol. Sci., 352,�  1311–1315.
24. LO

6
CKSLEY R. M. and SC

N
OTT P. (1991): Helper T-cell subsets in

mU ouse leishmaniasis: induction, expansion and effector func-
t
I
ion. Immunol. Today, 12, 58–61.

25. MELBY P. C. (1991): Experimental leishmaniasis in humans:
R
W

eview. Rev. Infect. Dis., 1
X

3, 1009–1017.
26. PRUSSIN C. and METCALFE D. D. (1995): Detection of intracy-

t
I
oplasmic cytokine using flow cytometry and directly con-

j
Y
ugated anti-cytokine antibodies. J. Immunol. Methods, 188,

117–128.
27. SC

N
HAUER U., JU

L
NG T. KRUG N. et al. (1996): Measurement of

i
:
ntracellular cytokines. Immunol. Today, 17, 305–307.

28. SC
N

OTT O., NATOVITZ P., CO
6

FFMAN R. L. et al. (1988): Immuno-
rZ egulation of cutaneous leishmaniasis. T cell lines that transfer
p@ rotective immunity or exacerbation belong to different T hel-
p@ er subsets and respond to distinct parasite antigens. J. Exp.
Med., 168,�  1675–1684.

29. SC
N

OTT P. (1996): Th cell development and regulation in ex-
p@ erimental cutaneous leishmaniasis. Chem. Immunol., 63,�  98–
114.

30. THICKER C. P. and KU
L

MAR K. (1992): Post-kala-azar dermal
leishmaniasis: a neglected aspect of kala-azar control pro-
g[ rammes. Ann. Trop. Med. Parasitol., 8

\
6,�  355–359.

31. WANG Z. E., REINER S. L., ZHENG S. et al. (1994): CD4+ effec-
t
I
or cells default to the Th2 pathway in interferon gamma-defi-

cE ient mice infected with Leishmania major. J. Exp. Med., 179,
1367–1371.

32. ZIJLSTRA E. E., EL HASSAN A. M. and ISF MAEL A. (1995): En-
d
]
emic kala-azar in eastern Sudan: Post-kala-azar dermal leish-

maniasis. Am. J. Trop. Med. Hyg., 52,�  299–305.
33. ZW

^
INGENBERGER K., HARMS G., PEDROSA J. et al. (1990):

D
_

eterminants of the immune response in visceral leishmaniasis:
e` vidence for predominance of endogenous interleukin-4 over
interferon-gamma production. Clin. Immunol. Immunopathol.,
5
a

1,�  242–249.

Received in October 1999
Accepted in December 1999 

176 K. Kemp: Cytokines in Human Leishmaniasis


