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The spleen is a secondary lvmphoid organ that harbours a variety of cells such
as T and B lymphocytes and antigen-presenting cells important to immune
response development. In this study, we evaluated the impact of spleen
removal in the immune response to experimental Trypanosoma cwzi inlection.
CSTBL/G mice were infected with Y strain of the parasite and infection was
Mice

peripheral blood at the peak of infection; however, mortality was increased.

followed  daily. that underwent splenectomy  had fewer parasites in

Histological analysis of heart and liver tissues revealed an increased number of
parasites and inflammatory infilcrates ar these sites. Spleen removal was associ-
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2010 as with a decrease in specific antibody secretion. Haematological disorders were
also detected. Splenectomized mice exhibited severe anaemia and decreased
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bone marrow cell numbers. Our resules indicate that spleen integrity is critical
in T. owzi infection for the immune response against the parasite, as well as

tor the control of bone marrow haematological function.
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Introduction

The spleen is a secondary lvmphoid organ that performs
many functions. In mammals, the anatomy may vary, but
in all species the spleen is divided into red pulp and

white pulp [[] The red pulp is formed by reticular

fibres, fibroblasts and macrophages that remove old erv-
throcvees and other cells from circulation. This process
results in the release of beme groups, so that spleen plays
a major role as an iron reservoir 2, 3] During embryo-
genesis and in bone marrow stress conditions such as
aplastic anaemia, haematopoictic activity is reactivated in
the red pulp [] providing a compensatory mechanism to
maintain the homoeostasis of blood elements.

The spleen region with immunological activity is the
white pulp. It is composed of germinal centres where the
proliferation of B and T cells wkes place and the mar-
ginal zone where professional antigen-presenting cells,
macrophages and B cells can be found Bl Antigens that
reach the circulation are caprured and presented w T
cells in the spleen b, 7] Presence and integrity of the
spleen are critical for immune responses against several

micro-organisms [B] Functionally or anatomically asplen-

ic individuals are more susceptible to bacterial infections.
Splenectomy is associated with reduction in B-cell activa-
tion, in immunoglobulin secretion and in the prolifera-
tion of T cells. These defects increase the mortality of
individuals infected with bacteria such as sraphyfococcns
and stregpracoccns P—117]

There are few studies on the ellect of spleen removal
infection  caused by non-bacterial

during pathogens.

Leishmania sp. and Trypanosomea oruzi are parasites that
induce vigorous immune responses in the spleen of their
hosts [[2-15] However, the absolute requirement for
this organ in immune response development upon para-
site infection remains to be explored. We have shown
recently that splenectomy does not change the progres-

BALB/c and
CS7BL/G mice [12], but no studies have examined the

sion ol Leishmania  major infection  in
involvement of spleen in T, owzi infection.

Trypanosoma cruzé is the actiologic agent of Chagas
discase, an endemic zoonosis present in some countries

WHO

LOO million people remain ac risk of acquiring this infec-

of South and Central America. estimates  that

tion vet this is one of the neglected parasite diseases in
the world [[6]. There are more than 10 million infected
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individuals and S000 new cases appear every vyear in
Latin America [I7] Infection alfects many tissues includ-
ing heart, spleen, bone marrow and digestive trace [18]
In particular, infection with the Y strain of T, ez s
characterized by high parasitaemia and morrality in the
beginning of inlection [19] This strain can infect macro-
phages within the heart, liver, bone marrow and spleen
P01l The development of immune response occurs pri-
marily in the spleen resulting in the production of 1TFN-7
and TNF-2. Production of these cyrokines is important
to stimulate macrophages and to activace B cells for anti-
body production 21, 22]

In spite of the role of the spleen in immune response
development during Chagas discase, there is no system-
atic study on the need for this organ during T. crwezd
infection. In chis study, we demonstrate  that spleen
removal before infection with Y strain of 7. orwz can
interfere with both protective immune response and hae-

matological homoeostasis.

Material and methods

Awimals. Female CSTBL/G mice (6—8 weeks old) were
obtained from our animal facility (CEBIO, Instituto de
Ciéncias Bioldgicas, UFMG, Belo Horizonte, Brazil),
Animals were given water and tood ad fbiduwm, All ani-
mal procedures were approved by local ethical committee
for animal research (CETEA  — number
OLO72007).

Surgery procedure. For splenectomy, mice were anesthe-

protocol

tized with 1.7 mg ketamine and 0.33 mg wxvlazine in

physiological bufler 1.p. Hair was removed in the lelt
flank. A small incision was perlormed and the spleen was
removed. The incision was sutured and animals were
monitored until consciousness was regained at 37 “C.
Control group underwent a sham surgery, and they were

maintained at the same conditions, All experiments were

performed 30 days alterwards when there was no sign of

inflammation in the abdominal cavity.

Pavasites and infection. Y swrain of T, orwzi was used for
injection. Parasites were maintained by weekly passage in
Swiss mice. For experimental infection, mice were injected

tp. with 1000 blood-stage trypomastigotes. Parasitaemia

levels were evaluated daily by counting the numbers of

parasites in 5 ¢l of blood drawn from the il vein,
Mortality of infected mice was also monitored daily,

For rtotal particulate antigen preparation, cpimastig-
otes from Y strain of T, orwezi were cultured in Liver Infu-
sion Tryptose medium (Liver infusion broth — DIFCO,
Lawrence, KS, USA) with hemin (SIGMA, St Louis,
MO, USA) and glucose. During logarichmic phase, epim-
astigotes were collected by centrifugation and submitced
to cycles of [reczing and thawing. Towl protein concen-
method, and the

tration  was determined by Lowry

extracts were stored at —20 °CL
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Hiseology,  Animals were submitted to necropsy dur-
ing the acute phase of infection, Fragments ol heart and
liver were fixed in 4% paraformaldehyde (pI1 7.2), dehy-
drated in alcohol and embedded in paralfin. Sections were
stained with hacmatoxvlin and cosin (LLE) for standard
histological procedures. All sections were analvsed using
L0x, 40x and 100X microscopic objectives.

Tissue exivace preparation far cytokine measurements, Frag-
ments o spleen, liver and heart were collected, washed
with PBS and weighed for cach 100 mg of tissue used,
I ml of cold phosphate bufler containing 0.5% BSA and
protease inhibitors. Extracts were obtained by homogeniz-
ing tissues with an electrical tissue homogenizer. Tissue
samples were then centrifuged at 3500 X g for 15 min,
and supernatants were collecred and stored ar 20 °C until
use. Cyrokines were measured as described elsewhere.

ELISA for eyinking and antibodics. To measured plasma
cvtokine levels, blood samples were collected in EDTA
and cells were separated from plasma by 3500 X g centri-
fugation. Plasma was separated and stored ar =20 "C
until use. Sandwich ELISA was performed to measure
cvtokine concentration, using specific plates (MaxSorp:
NUNC, Rochester, NY, USA), capture and detection
antibodies against IFN-p, TNF-alfa, 1L-4 and 1L-10.
Standard curves for each cyvrokine were obrained using
recombinant  cytokines (PharMingen, San Dicgo, CA,
USA) All reagent concentrations were used in accordance
with the manulacturer’s protocol. Sera were separated by
blood centrifugation, and the levels ol specific antibodies
were detected by caprure ELISA using plates coated with
20 pg/ml orotal T owzi (MaxSorp; NUNC, Rochester,
NY, USA). For immunoglobulin detection, specific anti-
mouse biotinvlated antibodies were used (PharMingen).
For this technigue, all sera were diluted ac 1110,

Haamaiological pavameiers, Blood sumples were obtained
via axillary plexus and EDTA was added to avoid coagula-
tion. Cells were counted in a haemocy tometer. Diflerential
leucocyte counts were perlormed on blood smears stained
by the standard May-Grumwald and Giemsa solutions
(Doles, Goiania, Goias, Brazil). Concentration of haemo-
clobin in the samples was determined using a haemoglobin
test kit (Doles). Reticulocvie numbers were determined in
blood smears stained with methylene blue based on the
percentage of total erythrocytes. Bone marrow cells were
obtained by fushing the femoral bone cavicy with RPMI
(GIBCO BRL, Grand Island, NY, USA). Total cell number
was obtained using a Neubauer chamber, and cyeocentri-
fuge smears were stained with standard May Grunwald—
Giemsa solution. Differential cell counts were obtained for
cach 500 cells per slide per mouse.

Statistical analysis,  All experiments used groups of
four mice and were repeated three times. Results were
represented as the mean = standard deviation (SD). Differ-
ences between groups were caleulated using the Student's
f~test. P o< 0,05 was considered statistically significant.
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Results

Splenectomized mice manifest increased mortality after
infection with T. cruzi

To study the role of spleen during experimental T, crpzd
infection, splenectomized CS7BL/G mice were inlected
with Y strain of T, gwzi and development ol inlection
was monitored. Splenectomized CS7BLO mice exhibited
significantly lower patasitaemia when compared to con-
trol mice 9 days  post-infection (Fig. 1A). However,
mortality rate was higher in mice in which the spleen
has  been  removed  than  in mice  with &

(Fig. 1B).

spleen

Parasitism was increased in heart and liver of
splenectomized mice

Berause we observed a lower parasitacmia and increased
mortality  in splenectomized mice, we asked whether
parasites that are wsually lodged in spleen would have
disseminated into other organs causing damage and
death. Thus, histological analyses were performed  in
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Figure 1 Parasieemia and morealiey of C57BL/6 infecred wich Y serain

of Trypanmsomea covezi. (A) Parasieemia. (B) Percencages of mice char suc-

cumbed o inteceion. Mice were injeceed Lp. with 1000 blood-seage ery-
pomascigores 30 days  afrer splencceomy. Parasicemia levels were
evaluated by councing numbers of parasices in 5 pl of blood drawn from
the eail vein. Moralicy of infecred mice was monicored  daily. Daea
represent mean = 5D of 10 mice from one represencative experiment.

#Seacistical significance of P < (L03 calculaced by Scudenc's £-eese.
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heart and liver to analyse parasitism and  inflammatory
infiltration in these tissues. At day 9 after infection, we
observed a higher number of amastigotes in the hearts of
splencctomized mice (Figo 2A), but there was no difller-
ence in the heart inflammatory infiltrates between sple-
nectomized  and  control  groups. No  diflerence  was
observed either ac day 16 in parasitism at heart tissue
parasitism. In mice without spleens, liver sections dis-
played more inflammatory infilcration (delimited areas)
and higher parasitism (inserts in 100x), 9 and 16 days

post-infection (Fig. 2B). These results were confirmed by

morphometrical analyses shown in Fig. 3.

Alteration in tissue and plasma cytokine profiles in
splenectomized mice after infection with T. cruzi

It is already known that cveokines are involved in the
crpzi infection, specially IFN-p B3] We
IFN-

decreased in the plasma of splenectomized mice [12] To

control of T.
have  shown  previously  that production s
investigate whether there were modifications in cyrokine
sccretion that could contribute to an increase in the mor-
tality of splenectomized mice, we measured cytokine lev-
els in tissues aflected by parasite and in plasma. Belore
infection, there was an increase in IFN-p, 1L-4 and 1L-10
(Fig, 1A.C.D) levels in liver from mice lacking the spleen
when compared to control mice. At 9 days post-infection,
concentration ol IFN-p, TNF-2 and IL-10 increased in
the liver of mice with spleen when compared with unin-
fected mice. However, cytokine concentration decreased
in the liver of splenectomized mice in comparison with
infected mice with spleen. At this time point, there
was a decrease in the liver inflammator
(Fig. 1AB) and also

(Fig., 4C. D). This could indicate a failure in controlling

cytokines

in anti-inflammatory  cvtokines

both parasite lodging and inflammation in the liver, We
did not observe alterations in cytokine concentrations in
the heart.

Interestingly, 9 days post-infection, we also observed
higher levels of IFN-p (Fig. SA) and increased parasita-
emia (Fig. 1A) in non-splenectomized mice when com-
pared to mice with spleen. In splenectomized mice, there
were more parasites in tssues mostly in the liver, where
concentrations of IFN-3 were also lower in comparison
with infected controls. Liver and plasma levels of TNF-z
(Fig. 5B) were also decreased 9 days posc-infection in
splencctomized mice

Levels of anti-inflammatory  cytokines such as 1L-4
were decreased (Fig, 5C) in the plasma of splencctomized
mice before infection, but 9 days post-infection with
T, crwzé, splenectomized mice had a drastic increase in
the levels of this cytokine. High levels of IL-4 correlated
with low levels of IFN-7 at this time point in infection
(Fig. 5A.C). There was no alteration in IL-10 secretion in
mice without spleen (Fig, 5.
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Figure 2 Hiscological analyses of heare and

Non-infected -

liver from mice infeceed wich Y serain of
Trypanosoma crezf. Mice were injeceed 1p.
1000

30 days after splenccromy. Betore infeccion, 9

witch blood-seage  crypomasagoees

9 days

and 16 days pose-infection livers were col-
leceed and hiseological analysis was performed
atter haemaroxylin and  cosin seaining. (A)
Heare cissue of mice wich or withoue spleen

and (B} liver of mice wich or withour spleen

16 days
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Spleen removal is associated with low levels of specific 19G
responses during T. cruzi infection

Antibody secretion by activated B cells is important in
Chagas discase o increase the opsonization ol parasites
and also tw activate the classical complement pathway
R4l The spleen is a major lymphoid organ for B-cell
activation and immunoglobulin secretion. Levels of serum
IeG, 1gGloand 12G2a were lower in splenectomized mice
when compared to control animals (Fig, 6A-C) 9 and
16 days  post-infection. Specific 1gM was reduced  in
splenectomized mice (Fig, 61)) 9 bur not 16 days alter
infection. Curiously, we observed that total non-specific
IeM levels were higher in the sera of splenectomized
mice on day 16 post-infection (data not shown), These
results suggest that mice lacking the spleen were still
able o class  switch

produce  immunoglobuling,  but

activity was impaired.

2011 The Auchors
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Absence of spleen during T. cruzi infection aggravates
haematological disorders

It is already known that splenectomy changes the number
of circulating leucocytes P25, 26] and that spleen is an
important organ for hacmatopoiesis Bl Infection with
T. crwzi can lead o alterations in haematological parame-
ters and problems in bone marrow cell production P7,
28]

To evaluate whether mouse death was associated with
changes in haemarological parameters, bone marrow cells
were counted before and alter infection in both splenec-
tomized and control mice, We observed a decrease in
crythrocyte progenitor cells in non-infected splenectom-
ized mice (Table L3 Morcover, 9 days alter infection,
splenectomized  mice had  a reduction in lymphocyte
progenitor cell counts, and 16 days alter infection, a
reduction in neutrophil  progenitor cells was  detected

Scandinavian Jowvual of Dumarolagy 73, 36 413
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(Table 1) Interestingly, the progress of infection resulted
in a decreased number of cells in bone marrow. On day
L6 post-infection, the number of bone marrow cells was
significantly reduced in splencctomized mice when com-
pared with control mice.

The number of circulating cells was also analysed. Cir-
culating lymphocytes and neutrophils were increased in
splenectomized mice in comparison with control mice
prior to infection (Table 2). However, on day 16 post-
infection, there was a reduction in circulating monocytes
and  neutrophils.  Incerestingly,  there  was  a drastic
decrease in eosinophils during infection in both groups of
mice (Table 2). At this time point, there was a reduction
in the total number of bone marrow and peripheral blood
cells in splenectomized mice (Table 2).

E,

28, 29], additional blood parameters were

Because aruezd inlection can lead to haematological

alterations
also analysed, No alteration was found in erythrocyte
concentration  or  reticulocyte

number,  haemoglobin

number in mice without the spleen before inlection

with T, (Fig. 7). Nine and 16 days alter inlection,

L

Seandinavian Journal of Immunelogy @

2011 Blackwell Publishing Led. Saand navian Journal af lomenolagy

s were performed betore, 9 or 16 days afeer parasice inoculacion.

srences (P o< (L0%) beeween mice wich and wichoue spleen caleulaced by Seadenc’s f-rese.

a drastic reduction in red blood cell number (Fig. 7A)
7B) in splencctom-

and haemoglobin concentration (F
ized mice was detected. Analysis of reticulocyte number
is a reliable parameter to investigate anaemia as higher
L'L'“S

warrow in anacmia condition.

reticulocyte counts  usually  represent  immature

being produced by bone
Blood erythrocytes and reticulocytes numbers only fall

together in bone marrow  failure. Figure demon-

strates that there was no alteration in the retculocytes
ol non-infected nice, However, on day 9 alter infection,
splencctomized mice presented higher numbers ol circu-
lating reticulocyees when compared with control mice.
post-infection, number of  reticulocytes

Sixteen  days

dropped  sharply in the circulation ol splencctomized

mice (Fig. 7C).

Discussion
In the present study, we demonstrated the importance of
spleen during experimental T, gwzs infection. Removal of

this lymphoid organ was associated with increased mor-

3 2011 The Auchors
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tality rate of CS37BL/G

T. cwzic Our data suggest that two main causes might

nice infected with Y strain of
be involved in this outcome, It is plausible that decrease
in the secretion of inflammatory cytokines and antibodies
in splenectomized mice, specifically  during  the acute
phase ol infection, impaired protective immunity. In
deleterious  eflects of andemia

addition, the Severe

installed  during infection aggravated by reduction in
bone marrow function that follows spleen removal may
contribute to promote higher mortality.
Immunopathogenesis of experimental infection with
T, owzioinvolves many mechanisms operating  during
acute and chronic phases. Infection with Y strain is char-
acterized by a high parasitaemia carly alter parasite inoc-
ulation 19, 20] Because this strain of 7. owzs has a
macrophagotropic cell wopism R0], spleen is an impor-
tant organ in the establishment ol infection. Our results
demonstrated  dillerences in parasitaemia between mice
lacking spleen and mice with spleen. In splencctomized
mice, there was a reduced parasitacmia ac the peak of
infection. In the absence of spleen, parasites may have
lost thetr main proliferative site, Spleen is an important
IO FESCrvolr,

source ol mononuclear cells and also an

which is crucial for parasite replication B0O] However,
we also observed an increased mortality among splencec-

tomized mice that could be explained by establishment

2011 The Auchors

of parasite amastigotes in other reticulocellular organs
such as hiver. Indeed, we demonstrated that there were
increased number of amastigotes in the liver and heart of
splencctomized mice 9 days alter infection. Liver inflam-
mutory infiltration was also augmented in mice without
spleen. These results demonstrate that most of the para-
sites were lodged in tissues and not in the bloodscream
at day 9 post-infection and this could contribute to mice
death.
Strategically  located  between  portal and  systemic
circulations, spleen provides a critical site where interac-
tions between bloodborne antigens, antigen-presenting
cells and lyvmphocytes take place. Marginal zone cells
arc able to capture bloodborne antigens by diflerent
receptors. The antigen presentation process that follows
uptake results in the activation and proliferation of lym-
phocytes, antibody production and cytokine secretion [,
311 This large lymphoid organ has been shown to be
an important organ in the development of immune
responses  to protozoa parasites. In Leishoanic daovani
infection, for instance, there are several modifications in
the marginal zone and the white pulp ol the organ.
Spleen dendritc cells can migrate o lymphoid germinal
Thi

IMImne

centres L'l]'lt{ promaote lil'lL‘lII?'L'ﬂ |1rL'SL'1'lL:1LiL']]1 once

cvtokines  are  produced  and  a protective

response is initiated [2]
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blood-seage erypomascigores 30 days afeer splenccromy. Before infeccion or 9 and 16 days pose-inteceion, blood was collecred in EDTA and plasma
was separared from cells by ceneritugacion. Places were coared wich 200 pg “ml of total epimastigore proteins. Plasma was dilueed 1:10 o measure
and-T. crezi ancibodies. Toe deeece TgG (A), [gGL (B), 1gG2a (C) and IgM (D), specific biotinylaced andbodies were used. #Significane differences
(P < 0.05) berween conerol {(with spleen) and splenccromized mice caleulaced by Seudene’s f-wse. Daca are represenmacive of chree experimenes wich

three anmals/ group.

Table 1 Differencial cell coune in bone marrow.

Before infeceion 9 days posc-infection 16 days posc-infecdon
Bone marrow cells {cells “femury Wich spleen Wichour splecn Wich spleen Wichour spleen Wich spleen Wichoure spleen
e " 2 5 - . ” = i o
Eosinophils (<107) 083 + 4.43 11.9 = 10.2 234 + 25 21.3 £ 15 0 0

+ 2.1 245+ T 221 = 13.8 389 = 30.5 60 = 39 14.7 = B.5

=94 112 = 4.5% 15.5 = 15 11.7 = 33.5 243 =19 202 = 1.3

M- :n'.u'ruph'.tj__:{_— (x1 []SJ

Procrychroblases Ery:i::’ul.j!'.lsrs{Xi[]ﬁi

I\'L-ur.ruphiiulxi[]sl 773+ 24 11 = 36 151 = 9y LA = 15 769 = 30 100 = 75
I.)'!‘]'Jj‘.hﬂi.‘}'l’L‘.‘i{XE[]SJ 919 + 12 167 = 82 104 = 50 27 £ 29% 14.5 = 11 5.61 = 3.5
Toeal {XE[]"/!n]J 270 = 150 320 = 230 160 = 180 LI = 300 L = A0 1= 20=

#Srariscically signihcance wich differences £ < .03 caleulaced by Srudent’s s-rese.

Table 2 Ditterencial cell coune in blood smears.

Before infeceion 9 days post-infecton 16 days posc-infection

Blood leucocyees (n/mm”) Wich spleen Without spleen With spleen Wichoue spleen With spleen Wichoue spleen
Lymphocyres 1670 = 863 703 = 1331 = 376 2035 = 620 2201 = 1020 1133 = B87
Monocyres 193 = 344 316 = 217 153 = 127 150 = 31 165 = 116 DL b
Neuerophils 664 = 127 1236 = 278% 1044 = 303 311 = 375 21536 = 1173 1014 = 435%
Eosinophils 203 - 7 201 = 162 54 = 39 93 = 40 32+ 28 13 = 58
Toral O8O0 = 611 D630 = 2260% 2600 = 754 3390 = 790 5000 + 368 2750 = 3347
#Seaeiseically signifcance wich differences P o< 005 calealared by Seadente’s f-rese.

Our resules indicate that spleen function is essential to production in plasma and in alfected organs. Liver was
immune  response  development  during  experimental the main organ responsible {or cyrokine production in
T, cruzioinfection, We observed a decrease in cytokine the absence of spleen, Alter 9 days of infection, splence-
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Figure 7 Haemarological paramecers in splenceromized mice infeceed wich Y serain of Trypawsinma owezi. Eryehrocyees were counced in fresh blood

colleceed in EDTA and dilueed in aceric acid betore and afeer infeceion (A). Haemoglobin conceneracion was also measured in fresh blood by an enzy-

maric kie {B). To evaluace redculocyee numbers, bloed cells were couneed atrer seaining wich new methylene blue and numbers were calculaced based

on ol erychrocyre number (Ch #Significane differences (P < 0.09) and #2P < 0.0001 beeween conerol {wich spleen) and splenccromized mice caleu-

laced by Seadene’s f-rese. Daea are represencacive of chree experimenes wich tour animals “ group.

tomized mice manifested a reduced production of IFN-y
and TNF-z in liver and plasma and a decline in liver
IL-10 production. Interestingly, this result suggests that
gpleen is important for the development of  immune
responses in other organs as well. Sixceen days alter infec-
tion, we observed o dramatic reduction in cytokine secre-
ton in the tissues and plasma of splenectomized mice,
indicating that spleen is also important for a sustained
immune response to T, oz infection.

It has been already shown that splenccromy reduces
some immunological activities such as cytokine secretion
B3]and reactive oxygen intermediate production B, 34]
In addition, spleen removal increases the susceptibility to
inlection by intracellular pathogens, especially bacteria
B3] and impairs the maintenance of immunological
memory (6] Humans who had their spleens removed
are highly susceptible to streptococcus and staphylococcus
infection, and often they do not survive these infections
[35, 371 Spleen also harbours memory T and B cells,
being an important lymphoid organ for systemic immu-
nization [35, 36, 38] Control of T, awzi infection is usu-
ally associated with IFN-p 23] and TNF-2 production,
which promotes NO sccretion 9] In our study, splence-
tomized mice had a reduction in the secretion ol both
cytokines belore and in the acute phase of infection. Our
results are in agreement with another report that showed
a reduction in the secretion ol these cytokines and in NO
production alter splencctomy 0]

Host defence against bacterial infection is critically
dependent on humoral immunity. Antibody-bound bacte-
ria are usually cleared in the spleen by macrophages, In
the absence of spleen, there is also a reduction in anti-
body secretion and a consequent rise in bacteria prolifera-
tion (5] In T, owzi inlection, protective immunity also
relies on specific antibody producton. It requires 1gM

production throughout the infection and high 1gG levels

2011 The Auchors

during the acute phase f1] These requirements were not
observed in splenectomized mice. Spleen removal  was
associated with a reduction in specific 1eM and 1gG
secretion 9 days atter infection and in diminished specific
leGG production at all time poines analysed.

A known elfect of spleen removal is a rise in circulat-
ing leucocyre numbers 25, 26, 33] T. owed inlection s
also associated with spleen and lvmph node hyperplasia
[i2] and with increased numbers of blood cells during
acute phase of infection. We found an increase in total
circulating  lewcocytes  in splenectomized  mice  belore
infection. Nine days alter infection, there was no differ-
ence between mice with spleen and mice without spleen.
In the [6th day post-infection, however, mice without
spleen had fewer blood leucocytes than mice with spleen.
Theretore, spleen  removal  interfered  with  leucocyte
homoeostasis during infection with Y strain ol T, crwzd,
suggesting that the spleen is important in the mainte-
nance ol the leucocvie blood pool. It s likely tha
amastigotes also lodzed in the bone marrow ol splenec-
tomized mice causing dysfunction ol this organ. A study
on visceral leishmaniasis showed that, when spleen is
highly compromised with parasites, changes in the leuco-
cyte blood pool are observed with a reduction in CDS' B
cells and in T lymphocytes 3] We also found that
splenectomized mice had a decrease in CDAY and CDS?
T cells as well as in CD5' B cells alver inlection. Thus,
our data are in agreement with previous studies showing
that spleen plays a role in the maintenance ol lymphocyte
cell numbers and in mounting an appropriate immune
response during the development of protozoa inlection.

Together with its immunological lunction, spleen is
an organ where clearance of old blood cells and erythro-
cvtes takes place B, 411 Old red blood cells trapped in

the spleen release free iron, making this organ an impor-

tant site of iron storage P1 Y strain of T, swzd has a spe-
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cial tropism to mononuclear cells [19], and it has been
already shown that this infection is characterized by anac-
mia, thrombocytopenia and increase in blood leucocyte
number 27, 28] We observed similar alterations in sple-
nectomized mice. There was a decrease in leucocyte num-
ber during infection in mice without spleens. Monocyies
and neutrophils were the most affected cell types. These
changes may correlate with the increase in susceptibilicy
to infection alter splencctomy. We also observed a drastic
decline in cosinophils during infection in both groups.
This observation is in agreement to what has been
already described for experimental infection in CS7BLAG
mice. There are fluctuations in cosinophil numbers as
infection progresses with depletion of these cells in che
bone marrow, decline in the blood and a marked risc in
the peritoneal space [15] Analysis of bone marrow cells
in splenectomized mice revealed that chere was no ditler-
ence in monocyte production, but a decrease in neutro-
phil number was observed, suggesting that bone marrow
could be affected by parasite lodging.

We also observed increased anaemia in mice without
spleen evaluated by red blood cells count, haemoglobin
concentration and number of blood reticulocytes. Reduc-
tion in haemoglobin concentration and red blood cells
counts was followed by an increase in circulating reticu-
locytes at day 9 post-infection. However, 16 days alter
infection, reticulocyres declined in circulation. Failure in
this feedback response of bone marrow later in inlection
suggests again that bone marrow function might be
affected at this time point of infection by parasite inva-
sion ol the Orgarn. There are other reports that support
our results on the important role of spleen in haemato-
logical homoeostasis. Splenectomized humans are more
susceptible to malaria 6] and in splencctomized mon-
keys infected with Plasmadivm, anaemia is also severe
during malaria progression [17].

Altogether our data suggest that spleen removal
aggravated the effects of anuemia caused by infection
with Y strain of T, owzi, which could be one of the rea-
sons for increased mortality in mice without spleen. In
addition, T. cwzd infection is more severe in splencctom-
ized mice as a result of impaired immune responses that
are essential for protective immunity against the parasite.

Splencctomy is still a practice in some conditions such
as visceral leishmaniasis and other protozoa parasite dis-
cases. The present study demonstraces thar this practice
may result in the aggravation of anacmia and in increased

i

susceptibility to other infections in individuals already

infecred with T. cmezs,
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