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LYMPHOCYTE SUBPOPULATIONS AND NEUTROPHIL FUNCTION IN CHRONIC HUMAN

CHAGAS' DISEASE

J. C. VOLTARELLIL E. A. DONADI, L. F. CARVALHO & R. P. FALCAO

SUMMARY

The absolute numbers of total leukocytes, lymphocytes, T cells, helper/inducer,
suppressor/cytotoxic and B cells were decreased in the peripheral blood of patients
with chronic Chagas’ disease. Since antilymphocyte antibodies were present only
in a minority of patients they probably cannot account for the abnormalities in
lymphucyte subsets. Patient neutrophils stimulated with endotoxin-treated autolo-
gous plasma showed depressed chemotactic activity and this seems to be an intrinsic
cellular defect rather than plasma inhibition. Random migration of neutrophils was
normal. Reduction of nitroblue tetrazolium by endotoxin- stimulated neutrophils
was also decreased. These findings further document the presence of immunosup-
pression in human Chagas’ disease. They may be relevant to autoimmunity, defense
against microorganisms and against tumor cells at least in a subset of patients
with more severe abnormalities.
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INTRODUCTION

Infection by Trypanosoma cruzi has been
associated with a non-specific suppression of the
immune response in animals”™ % and in humans*
8.10,33.35.36 Depression of cell mediated skin reac-
tivity to dinitrochlorobenzene® and of CD4/CD8
cell ratio and neutrophil function®® was observed
in patients with acute Chagas’ disease. In addi-
tion, in the chronic forms of the disease there
is an impairment of the antibody response to
sheep erythrocytes® and to typhoid vaccine?, and
a decrease of the antibody dependent cellular
cytotoxicity (ADCC) to chicken erythrocytes®®
and of the skin reactivity to tuberculin®. The me-
chanism of immunosuppression in trypanoso-

miasis is poorly understood” and an inbalance
between helper and supressor T cells was sugges-
ted® % from animal studies. However, no direct
evidence has been presented to support this hy-
pothesis in human Chagas’ disease. Indeed, in
the only study in which T cell subsets in chronic
Chagas’ disease patients were measured, incon-
clusive results were obtained with remarkable
sex differences'®.

Monocyte, neutrophils and eosinophils from
normal individuals!™ 18 23 27 or from chagasic pa-
tients®” 3 are able to lyse antibody-coated T.
cruzi probably following ingestion of the para-
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site®® 3! In contrast, monocytes from chronic
chagasic patients were not able to lyse Candida
pseudotropicalis following phagocytosis'!. Howe-
ver, there are few studies of other functions
of phagocytic cells from chagasic patients®.

The purpose of the present investigation was
to evaluate lymphocyte subpopulations, inclu-
ding T helper and T supressor/cytotoxic cells, neu-
trophil chemotaxis and nitroblue tetrazolium
(NBT) reduction in chronic chagasic patients.

MATERIAL AND METHODS

Subjects: Lymphocyte subpopulations and
neutrophil function were evaluated in the peri-
pheral blood of 34 patients with chronic forms
of Chagas’ disease and 34 male control blood do-
nors. The diagnosis was established by clinical
(cardiomyopathy or mega syndromes) and sero-
logical (complement fixation or imunofluo-
rescence reaction to T. cruzi) findings. All pa-
tients included in this clinical investigation had
been admitted to the University Hospital of the
School of Medicine of Ribeirdo Preto and were
in good nutritional status and did not display
any severe impairment of physiological func-
tions due to Chagas’ disease. They did not report
the use of drugs known to interfere with the im-
mune system.

Total leukocyte and lymphocyte counts:
The absolute number of total lymphocytes was
estimated in whole blood from total leukocyte
counts performed in a Coulter counter and diffe-
rential lymphocyte counts performed in Leish-
man stained smears.

Preparation of lymphocytes for quantita-
tion of subpopulations: Lymphocyte suspen-
sions were obtained by diluting (1:3) heparinized
blood samples in phosphate buffered saline
(PBS) followed by centrifugation at 400 g for 30
min at 25°C on a Ficoll-Hypaque gradient (spe-
cific gravity 1.076)%. Cells remaining in the inter-
face were washed three times and resuspended
in TC 199 (Flow Laboratories) containing 20%
fetal calf serum (FCS) (Difco) at 8-16 x 10°/ml.
The monocytes were excluded by aderence to
plastic Petri dishes for 1 h at 37°C. Non-adherent
cells were centrifuged and resuspended in RPMI
1640 with 5% of FCS at 5 x 10%/ml.

B cell quantitation: Lymphocytes were wa-
shed three times with PBS at 37°C to remove
passively absorbed immunoglobulins. Aproxi-
mately 2 x 10% cells were mixed with 0.1 ml
of fluorescein-conjugated goat serum anti-hu-
man immunoglobulins (Behringwerk, Marburg,
West Germany) previously diluted to 1:100 in
PBS containing 0.2% sodiurn azide. The resul-
ting suspension was then kept in an ice bath
for 30 min. After three further washes with cold
PBS-azide solution, the cells were resuspended
in a small volume of FCS. Smears were prepared,
fixed in methanol for 10 sec, washed in PBS and
mounted with buffered glycerol. The total num-
ber of cells present in each microscope field was
initially determined by phase contrast under vi-
sible light. The number of fluorescent cells in
the same field was then estimated under UV ilu-
mination. The percentage of B cells was deter-
mined by counting 100 lymphocytes in each
sample.

T cell subset assay: Two hundred ul of the
lymphocyte suspension were incubated with 5
ul of appropriatedly diluted monoclonal anti-
body (OKT3 or anti-CD3, OKT4 or anti-CD4,
OKTS8 or anti-CD8, Ortho Pharmaceutical Com-
pany, Raritan, New Jersey) at 4°C for 30 min,
with shaking every 10 min. Cells were washed
twice in RPMI 1640 containing 5% FCS and re-
suspended in 100 ul of fluorescein-conjugated rab-
bit anti-mouse immunoglobulin (Nordic Imuno-
logy, Tillburg, The Netherlands) diluted to 1:20
in PBS. Following 30 min incubation at 4°C, the
cells were washed twice with RPMI 1640 and
the sediment was resuspended in a drop of FCS.
Smears were prepared, fixed in methanol,
washed for 30 sec in PBS and mounted in one drop
of buffered glycerol. Analysis was performed im-
mediately as described for B cells.

Antilymphocyte antibodies: Antilympho-
cyte antibodies were evaluated in chagasic sera
in 3 different ways: by microlymphocytotoxicity,
by immunoflourescence in a flow cytometer
(FACS) and by antibody-dependent cell cytoto-
xicity (ADCC). The microlymphocytotoxicity
test was modified from AMOS et al®. Briefly,
one microliter of a suspension containing 5,000
lymphocytes was incubated for 30 minutes with
1 ul of patients serum in a Terasaki microplate,
washed twice and then incubated with 4 ul of
rabbit complement for 2 h at room temperature.
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Positive reactions were revealed by cell death
after staining with eosin Y or trypan blue. Sera
from chagasic patients were tested against their
own cells (auto crossmatch) and against a panel
of cells from 40 fo 100 individuals. The immuno-
fluorescent test was based in the FACS cross-
match test'®. Briefly, undiluted and 1:10 chagasic
sera was incubated with a pool of lymphocytes
from 4 normal donors for 20 min at room tempe-
rature, washed 3 times and incubated with fluo-
resceinated goat F (ab’), anti-human immuno-
globulin (Tago, Burlingame, CA) for 30 min at
4°C. After washing twice, cells were ressuspen-
ded in 0.25 m! of PBS containing 0.1% sodium
azide and analyzed in a Facsan flow cytometer
(Becton Dickinson, Montain View, CA). Histo-
grams displaying cell number on the vertical axis
and fluorescent intensity on the horizontal axis
were generated after gating on the lymphocyte
population and counting 10,000 cells. The histo-
grams show two peaks: a large low intensity
peak comprising non-B (mostly T) cells and a
small high intensity peak comprising B cells. A
shift to the right of at least 10 channels of either
T or B peak was considered a positive reaction.
ADCC reaction was measured by a 5!Cr release
assay, using two human B cell lines as targets,
normal PBL as effector cells and sera from cha-
gasic patients diluted at 1:50 as sensitizing
agent.

NBT test: The modified stimulated NBT test
was carried out as described previously!?. Brie-
fly, 0.1 ml of peripheral blood collected in EDTA
was mixed with equal volume of NBT solution
(0.1% NBT Sigma in PBS) plus 0.05 ml of endo-
toxin solution (1 mg/ml of lipopolysacharide B
from E. coli 0127:88 Difco in PBS) in a glass tube
(12 x 75 mm). The mixture was incubated at 37°C
for 15 min, the tube was centrifuged and smears
were made of the cell pellet. The smears were
stained with Leishman, 100 neutrophils were
counted and only those with large black forma-
zan deposits in the cytoplasm were scored as
positive.

Neutrophil chemotaxis: Neutrophil chemo-
taxis was evaluated by a modification of the lea-
ding front method of ZIGMOND & HIRSH?Y as
described by AKENZUA & AMIENGHEME?.
Briefly, 200 ul of leukocyte suspension (2 x 10%/ml
in TC 199 Flow) isolated by Dextran sedimen-
tation from peripheral blood were placed inside
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plastic test tube stoppers and gently inverted
on to 13 mm diameter Millipore membrane (Bed-
ford, MA). with pore diameter of 3 um. The mem-
branes were placed on 13 mm diameter AA discs
(Millipore), soaked with chemotactic factor (12.5
pg of endotoxin in 25 ul of autologous plasma
plus 225 ul of medium). After 30 min incubation
at 37°C in a moist box, the membranes were re-
moved, washed with medium, fixed with isopro-
pyl alcohol, stained in hematoxylin, cleared in
xylene and mounted on slide with Canada bal-
sam. To measure the distances migrated by neu-
trophils, the membranes were examined under
a x100 objective. The distance migrated by neu-
trophils was the average of differences, measu-
red on five different fields, between the micro-
meter reading on the top of the membrane and
on a plane where only five cells were left in view.
Random migration was the distance migrate
by neutrophils in the presence of medium only.
Chemotactic index was the difference between
the distance migrated by neutrophils stimulated
by endotoxin-treated plasma and by medium.
Crossed incubations between plasma and cells
from controls and patients were performed to in-
vestigate the cause of low chemotactic index in
some patients.

Quantitation of serum immune complexes:
An enriched immune complex serum fraction
was obtained by a polyethylene glycol (PEG)
precipitation method, according to ZUBLER et
al.?® with minor modifications. Briefly, one volume
of serum was mixed with three volumes of isotonic
borate-EDTA buffer pH 8.4 containing 4% PEG
(MW 6,000). The determination of C1q-precipitins
was carried out as described by LEVINSON &
GOLDMAN?. Human gamma globulin purified
by passage through DEAE-cellulose chromato-
graphy and heat-aggregated by incubation at
63°C for 20 minutes (HAGG) was utilized for cali-
bration of reference curves of absorption nephe-
lometry in a double beam nephelometer (Beck-
man model 35, USA). The results are reported
as mg/ml equivalents HAGG.

Statistical analysis: Statistical analysis of
lymphocyte subpopulations was performed by
Student’s t test. The distribution of B lympho-
cyte number and of CD4/CD8 cell ratio were sub-
mitted to logarithmic transformation in order
to approximate a normal distribution. Statisti-
cal analysis of NBT test and chemotaxis was
performed simultaneously by the Hotelling’s T?
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test. A value of p < 0.05 was taken as statistically
significant.

RESULTS

Leukocyte counts: Patients with chronic
Chagas’ disease had significantly lower leukocy-
te counts (6.45 * 1.77 x 10%L, mean + SD) than
normal controls (7.44 = 1.97 x 10%L).

Lymphocyte subpopulations:

The absolute number of total lymphocytes,
CD3*, CD4*, CD8", and B lymphocytes and the
percentage of B lymphocytes were significantly
reduced in patientswith chronic Chagas’ disease
as compared with controls (Table 1). The CD4/
CD8 cell ratio and the percentages of total lym-
phocytes and T cell subpopulations were similar
in patients and controls. The distribution of
CD4/CD8ratio showed a wider range of variation
on chagasic patients (0.66 to 7.90) than in normal
controls (1.32to 4.43) (Fig. 1). No significant diffe-
rence was shown for the number or percentage
of total lymphocytes, CD3*, CD4*, CD8* or B
cells or in the CD4/CD8 ratio between male and
female chagasic patients (Table 2).

Antilymphocyte antibodies:

When tested against their own cells by my-
crolymphocytotoxicity, the presence of antilym-

phocyte antibodies was not detected in any of
15 patients studied. When tested against a panel
of lymphocytes of different individuals, an ab-
normal reactivity (positivity against > 10% of
individuals) was detected in 6 out of 31 patients.
Three of these 6 patients could have been allo-
sensitized by multiple pregnancies or transfu-
sions. Four ofthese patients showed specific sen-
sitization against the antigen HLA B1l4. The
FACS crossmatch against a pooloflymphocytes
was positive in 3 out of 15 patients tested. Two
of these 3 patients could have been sensitized
through multiple pregnancies. The ADCC test
revealed the presence of antilymphocyte antibo-
dies in the serum of 2 chagasic patients, one of
them being a multiparous.

Stimulated NBT test and neutirophil
chemotaxis:

The percentage of neutrophils with forma-
zan (reduced NBT) granules in the cytoplasm
was 78.5 = 14.4% (mean * 1 SD) in controls and
70.8 = 19.7% in patients (p = 0.069). The chemo-
tatic index was 43.7 + 13.3 pm in controls and
34.9 +18.3 um in patients (p = 0.027). The combi-
ned statistical analysis of NBT and chemotaxis
showed that patients with Chagas’ disease had
decreased values compared to normal controls
(p = 0.009). Six patients showed low chemotactic
index and five, low NBT reduction; however, no-

TABLE 1
Lymphocyte subpopulations in chronic human Chagas’ disease

Number (x 10%L) Percent
Lymphocytes Controls Patients Controls Patients
n =34 n = 34

Total 2.22 = 0.58 1.68 = 0.67* 309 =74 27.1 =110
CD3* 1.66 = 0.43 1.27 + 0.54* 75.1 = 6.1 75.1 = 6.2
CD4 " 1.18 = 0.32 0.93 = 0.41* 53.3 + 8.8 55.2 + 9.1
CcD8g* 0.60 = 0.25 0.47 = 0.27* 276 +6.8 273 = 9.5
CD4*/CD8"* 0.73 = 0.33° 0.75 + 0.48

(2.18)° (2.38)
B -14 *0.49° -1.9 = 0.06* 127 =43 104 = 3.8*

(0.28) 0.17)

@ Data are mean and SD after logarithmic transformation (log,) to correct for skewness.

® Means reexpressed in original units.
* Significantly different from controls, p < 0.05.
n = number of cases.
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Fig. 1 — Distribution of CD4/CD8 cell. ratio in male (square)
and female (circles) normal controls (black) and chagasic pa-
tients (white). The monoclonal antibodies OKT4 and OKT8
stain respectively CD4 and CD8 positive lymphocytes.

ne showed abnormal results in both tests (Fig.
2).In crossed experiments, plasma from patients
with low chemotaxis were able to generate nor-
mal chemotactic stimulus for control neutro-
phils. However, the incubation of neutrophis
from 3 out 5 patients with control plasma did
not revert the low chemotactic index (Table 3).
Neutrophil random migration was similar in con-
trols (33.6 * 8.9 um) and patients (32.4 + 6.6
pm).

Serum immune complexes:

Quantitation of serum immune complexes
by C1q precipitins showed similar resultsin con-
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TABLE 2
Lymphocyte subpopulations in male and female chagasic
patients
Male Female
Lymphocytes
ymphoey n =19 n =15
Total x 10%1 (162 £ 0.61* 177 * 0.76
G 283 9.2 26.5 £ 12.5
CD3* x 1091 1.20 = 0486 1.37 = 0.82
G 74.3 = 6.7 763 £ 55
CD4* x 1091 0.87 = 0.38 1.01 =045
% 53.5 = 10.4 574 * 6.8
CcD8* x 10%1 0.44 = 0.23 0.50 = 0.32
% 28.3 + 10.8 259 =176
CD4'/CD8* 246 > 1.62 2.28 = 0.78
B x 10%1 0.14 = 0.07 0.20 = 0.10
G 94 +42 116 28
* mean + standard deviation
n = number of cases
80 s o = Control
i * = Patient
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Fig. 2 — Combined plot of endotoxin-stimulated chemotaxis
and NBT reduction by neutrophils of normal controls and chro-
nic chagasic patients. Chemotaxis is evpressed in um of migra-
tion and NBT index is the percentage of neutrophils with for-
mazan granules in the cytoplasm. The means for each variable
are indicated by the targeted lines. Dashed lines indicated
lower limits of normal for each test. Combined statistical ana-
lysis by the Hotelling T test showed that the group of chagasic
patients had lower chemotaxis and NBT reduction than con-
trols (p = 0.009).

TABLE 3
Neutrophil chemotaxis in some patients with chronic Chagas’
disease
Patient CN +CP PN +PP CN + PP PN +CP
1 39+ 22 46 36
2 36 17 35 18
3 72 20 43 8
4 45 26 31 28
5 24 8 32 16

CN — control neutrophils
CP — control plasma

PN — patient neutrophils
PP — patient plasma

* migration (micra)
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trols (179.8 = 23.1 ug/ml) and patients (188.6
+ 51.1 pg/ml).

DISCUSSION

In this study we observed that patients with
chronic Chagas’ disease had a decrease in the
absolute number of total leukocytes, total lym-
phocytes, T3+, T4*, T8* and B lymphocytes in
the peripheral blood and a normal ratio of helper
to suppressor cells. In a previous report, we des-
cribed a decrease in the total number of lympho-
cytes which was associated with the presence
of antibodies directed to mouse lymphocytes in
all patients®. However, in the present study we
could not detect autoantilymphocyte antibodies
in any patient tested and we found alloantibo-
dies in only a minority. Interestingly, some pa-
tients demonstrated alloantibodies against the
antigen HLA-B14. These antibodies could have
been generated by cross-reaction existing bet-
ween the HLA-B14 antigen and the T. cruzi.®.
Thus, sera from chagasic patients seem to con-
tain antibodies thatreact to mouse lymphocytes
but not to human lymphocytes. In this study,
we used the most sensitive methodology availa-
ble to detect human antilymphocyte antibodies,
such as the FACS crossmatch technique and
ADCC, besides the complement-dependent mi-
crocytotoxicity, but we cannot exclude the pos-
sibility that techniques even more sensitive may
detect the antibodies. In fact, immunoblotting
analysis appear to be demonstrating antilym-
phocyte antibodies in the sera of most chagasic
patients (W. Savino, personal communication).
Combination of antibody-mediated neutropenia
and lymphopenia is observed in other diseases
with autoimmune features such as systemic lupus
erythematosus and could be occuring in chaga-
sic patients as well. Alternatively, cellular au-
toimmune mechanisms known to be operating
in T. cruzi infection® might be responsible for
leukocyte destruction in Chagas’ disease. Fur-
thermore, basal plasma cortisol levels were nor-
mal in chagasic patients'® and therefore cannot
account for the abnormalities in lymphocyte
subpopulations. Thus, the leukopenia of chronic
Chagas’ disease is caused by an yet unknown
metabolic or immunological mechanism.

Normal values for the percentage and abso-
lute number of T and B lymphocytes?®- 25, for
the percentages of total T, CD3*, CD4*, CD8*

cells and of CD4/CD8 ratio®®, decreased percen-
tages of T and B lymphocytes associated with
normal number of total lymphocytes® and redu-
ced number of total T and B lymphocytes® were
previously described in patients with Chagas’ di-
sease. Recently, GATASS et al.'®described seve-
ral abnormalities of T cell subpopulations in
chronic patients which included a wider range of
CD4/CD8 ratio, with males exhibiting lower va-
lues of the ratio than females, and increased per-
centage of CD4* cells and decrease of CD8* cells
in females compared with male patients. In a
previous report, we described a reduction of the
CD4/CD8 ratio in a female patient with acute
Chagas’ disease®®. Although we confirmed the wi-
der range of variation of CD4/CD8 ratios in chro-
nic chagasic patients in the present study, we
did not observe the sex differences in lympho-
cyte subpopulations as reported by GATASS et
al.’®, The origin of these different results could
not be determined precisely, but it may be due
to the selection of patients. Although we have
excluded from our group every patient with com-
promised general and nutritional status or seve-
re cardiac, oesophageal or intestinal abnorma-
ljities or using any drug potentially affecting the
immunologic system, it is possible that our hos-
pital population reflects a selection of a distinct
subset of patients from that of previous stu-
dies. Regional differences among groups of pa-
tients should also be considered. The relevance
of the lymphocyte subpopulations abnormali-
ties which we described here to the immuno-
suppression previously described in Chagas’_di-
sease® 1 33 is unclear since we did not detect
an immunoregulatory inbalance in the helper/
suppressor cell ratio. These abnormalities may
be relevant to the increased ihcidence of malig-
nant neoplasms observed in patients infected
with T. eruzi®* . In fact, mice with chronic cha-
gasic infection showed suppression of tumor spe-
cific T lymphocyte response®,

Regarding neutrophil function, patients
with chronic Chagas’ disease exhibited a signifi-
cant decrease in the chemotactic activity and
in the reduction of NBT, both functions stimu-
lated in vitro by bacterial endotoxin. We were
not able to demonstrate in crossed experiments
with control plasma and cells any inhibitory ac-
tivity of patients’ plasma on chemotaxis. Fur-
thermore, we could not detect in the serum of
chagasic patients increased levels of immune
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complexes, a factor known to depress leukocyte
chemotaxis. In addition, neutrophils from some
patients did not revert the low chemotactic in-
dex when incubated with normal plasma. These
findings point out to an intrinsic chemotactic
defect in patients neutrophils, of unknown ori-
gin. Likewise, FERREIRA et al.!® showed de-
pressed endotoxin stimulated chemotactic acti-
vity of blood monocytes from patients with chro-
nic Chagas’ disease and did not find inhibitory
influence of patient sera on chemotaxis. In our
study, random migration of patient neutrophils
was intact, suggesting that the chemotactic de-
fect is at the level of interaction between the
cell and the chemotactic stimulus rather than
in the cellular movement apparatus. In a pre-
vious report, we found severe deficiency of neu-
trophil chemotaxis and NBT reduction in one
patient with acute Chagas’ disease®. Moreover,
in vivo leukocyte chemotaxis was progressively
decreased in mice with acute T. cruzi infection®.
The reduction of NBT stimulated by endotoxin
was also depressed in chagasic patients and this
metabolic defect may compromise their ability
to fight several types of infection including the
trypanosomiasis. In fact, the NADPH/oxidase
system, probed by the NBT test, may be invol-
ved in the destruction of epimastigotes® and
amastigote® forms of T. cruzi. In addition, ki-
lling of Candida pseudotropicalis by monocytes
was decresed in chagasic patients!!. Onthe other
hand, neutrophils from patients with chronic
Chagas’ disease can kill antibody-coated T. eruzi
as efficiently as normal controls in an in vitro
ADCC reaction?” *.

The abnormalities in neutrophil function
and leukocyte numbers in the group of chagasic
patients were moderate, but it is apparent from
Fig. 2 for example that a subset of patients had
a more severe dysfunction. In fact, values below
the normal range of chemotaxis were observed
in 6 patients and of NBT test in 5 patients. These
patients may have clinical problems in handling
infectious agents, including the T. cruzi, and tu-
mor cells. Uncontrolled clinical observation
points out that chagasic patients are not suscep-
tible to frequent or severe infections, but this
subject has not been carefully investigated in
humans. On the other hand, there are suggestions
of increased incidence of cancer in human Cha-
gas’ disease®® ¥, Increased susceptibility to infec-
tions may be a problem for a subset of patients
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with more defective neutrophil function and de-
creased leukocyte numbers. Likewise, the quan-
titative abnormalities in lymphocyte subpopu-
lations may play a role in the asymptomatic im-
munosuppression of chronic chagasic patients
and may be related to the increased susceptibility
to neoplasms in a subset of patients exhibiting
more severe lymphopenia.

RESUMO

Subpopulacdées linfocitarias e funcio neutro-
filica na doenc¢a de Chagas humana.

Numeros absolutos de leucécitos e linféci-
tos, de células T totais, indutoras/auxiliares, su-
pressoras/citotéxicas e de células B estavam di-
minuidos no sangue periférico de pacientes com
doenca de Chagas crénica. Como anticorpos an-
tilinfocitarios estavam presentes em apenas
uma minoria de pacientes, eles provavelmente
niao sao responsaveis pelas anormalidades das
subpopulacgoes de linfocitos. Neutréfilos de pa-
cientes estimulados por plasma autélogo trata-
do porendotoxina mostravam atividade quimio-
tatica diminuida que deve ser devida a um defei-
to celular intrinseco e nao a inibicao plasmatica.
A migracao aleatéria dos neutréfilos estava nor-
mal. A reducao do corante “nitroblue tetrazo-
lium” (NBT) por neutréfilos estimulados por en-
dotoxina também estava diminuida nos pacien-
tes. Estes achados estendem a documentacao
da imunossupressiao na doenca de Chagas hu-
mana. Eles podem ser relevantes para autoimu-
nidade e para defesa contra microorganismos
e células tumordis, pelo menos em um subgrupo
de pacientes com anormalidades mais pronun-
ciadas.
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