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ABsTRACT The effect of experimental trypanosomi-
asis on coagulation was studied because a patient in this
hospital with Rhodesian trypanosomiasis developed
thrombocytopenia with disseminated intravascular coagu-
lation. Rats injected intraperitoneally with this strain
of Trypanosoma rhodesiense consistently developed
trypanosomiasis and severe thrombocytopenia without
changes in hematocrit or concentration of fibrinogen or
fibrin split products. At the time of 50% mortality (4-5
days) mean platelet counts per cubic millimeter of in-
fected rats were 18,000+9,000 (+2 SEM) compared to
1,091,000%128,000 in uninfected controls.

In vitro, concentrated trypanosomes and trypanosome-
free supernates of disrupted organisms added to normal
rat, rabbit, or human blood produced platelet aggrega-
tion within 30 min. This platelet aggregation was not
blocked by inhibitors of ADP, kinins, or early or late
components of complement. In vivo thrombocytopenia
also occurred in infected rabbits congenitally deficient in
C6 and in infected, splenectomized rats.

Although the aggregating substance obtained from
disrupted trypanosomes is heat-labile, it is active in the
presence of complement inhibitors, suggesting that this
trypanosomal product may be a protein enzyme or toxin.
Since the phenomenon is independent of immune com-
plexes, complement, ADP, and kinins, it appears to
represent a new mechanism of microbial injury of
platelets and the induction of thrombocytopenia.

INTRODUCTION

We studied the effect of experimental trypanosomiasis
on coagulation factors because a patient in this hospital
with Rhodesian trypanosomiasis almost died of dissemi-
nated intravascular coagulation (DIC)* (1). Various
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severe infections may cause DIC, but it is usually as-
sociated with meningococcemia or septicemia due to
gram-negative bacilli. Among the protozoan infections
only severe falciparum malaria is well documented as a
cause of this syndrome (2, 3).

We were surprised to find that 100% of rats infected
with this Rhodesian strain developed severe thrombo-
cytopenia without evidence of hemolysis or DIC. This
dissociation of thrombocytopenia from DIC strongly
indicates a direct toxic effect of the trypanosomes on
platelets. Although it has been speculated that Plasmo-
dium vivar may produce circulating toxins directly
harmful to platelets (4), most studies suggest that the
thrombocytopenia associated with malaria is due to DIC
(2, 3), immunologic injury (5), or splenic pooling (6).
In bacterial septicemias the thrombocytopenia is clearly
associated with DIC (7).

In this study we reproduced platelet injury in vitro
by whole trypanosomes and with soluble extracts of dis-
rupted trypanosomes. Since the process is independent
of immune complexes and complement and is not blocked
by inhibitors of ADP or kinins, it appears to represent
a new mechanism of microbial injury of platelets and
thrombocytopenia.

METHODS

Experimental trypanosomiasis. Male 200-g Holtzman
rats or 2.5-3.0 kg white New Zealand rabbits were injected
i.p. with a 0.15 M NaCl dilution of infected, fresh rat blood
containing 10-20,000 trypanosomes, or more than 1,000 in-
fective doses for rats. Syringe-passed trypanosomes main-
tained in rats were used in all experiments. During the
first few passages this strain of 7. rhodesiense became
more virulent for rats, but the clinical syndrome and time
of LDio has been stable for 1 yr. Control animals received
either an equal volume of normal rat blood or nothing.
Normal rat blood caused no visible illness and no blood

intravascular coagulation; EM, electron microscopy; FSP,
fibrin and fibrinogen split products; HCT, hematocrit;
IBS, isotonic buffered saline; PRP, platelet-rich plasma;
PSG, phosphate-buffered saline glucose solution.
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changes. Studies on splenectomized rats were performed
after wounds were well healed and platelet counts had
returned toward normal. Rabbits congenitally deficient in
C6 were infected in the usual manner. Rats were exsan-
guinated by cardiac puncture at the time of study. Rabbits
were bled from the central artery of the ear. Autopsies
were performed on 18 rats at the time of 50% mortality.
Serial sections of formaldehyde-fixed kidneys, livers,
spleens, lung, hearts, and brains were stained with hema-
toxylin and eosin and by the periodic-acid Schiff method.

Hematological studies. Platelets and trypanosomes were
counted by phase microscopy. Occasionally, nonmotile try-
panosomes assume a spherical shape but can still be differ-
entiated from platelets by careful observation. Microhemato-
crits (HCT) were determined by centrifugation of EDTA-
treated blood in capillary tubes. Fibrinogen was measured
by the method of Ratnoff and Menzie (8) but with citrated
blood, and split products of fibrin and fibrinogen (FSP)
were estimated by the staphylococcal clumping technique
(9). The details of these procedures have been described
in another publication (10).

In vitro platelet aggregation. Normal rat, rabbit or
human blood was harvested in 0.008 mg/ml EDTA
(EDTA :blood =1:9; vol:vol). Blood from infected rats
was harvested either in EDTA or 0.38 mg/ml sodium
citrate (1:9; vol:vol). Unless otherwise noted, EDTA
and sodium citrate were always used at these standard
anticoagulating concentrations. Trypanosomes were har-
vested from a visible layer on top of the buffy coat of
infected rat blood and stored at 4°C until use. These con-
centrated trypanosomes were platelet-poor and contained
no platelet aggregates.

To 1 ml of normal blood harvested in EDTA, 0.1 ml of
concentrated trypanosomes (10-107/mm®) or 0.1 ml of
normal, species-specific plasma was added. The tubes were
rocked comtinuously at 36 oscillations/min on an Ames
aliquot mixer (Ames Co., Div. of Miles Lab, Inc., Elk-
hart, Ind.) at room temperature, and platelet counts and
other determinations were performed at 30 min. All plate-
lets that could be counted accurately were incorporated in
the tally, including platelets in small aggregates of four
or five.

Investigation of the mechanism of platelet injury. The
response of the platelet counts of infected animals to in-
creasing trypanosomemia was measured by infecting 36
rats and exsanguinating at least 6 daily. Trypanosomes and
platelets were counted by phase microscopy, and the results
were plotted as platelet counts versus trypanosome counts.
Six littermates were used as the normal controls. The “dose-
response” relationship of the aggregation phenomenon was
measured by noting the effect of 0.1 ml of serial 10-fold
dilutions of trypanosomes (8.8 X 10°/mm?® 8.8 X 10°/mm?®,
and 8.8 X 10*/mm®) on 1 ml of a pool of normal rat blood.
The negative control consisted of 0.1 ml of normal plasma
harvested from the same pool of rat blood.

Platelet aggregation was tested under several experi-
mental situations designed to elicit the nature of the medi-
ator of trypanosome-induced aggregation. It was likely that
fairly large amounts of exogenous ADP from the trypano-
somes and rat red cells were added to normal blood during
the in vitro aggregation experiments. Accordingly, very
large concentrations of ADP (up to 60 mg/ml) were added
to the EDTA-treated normal blood instead of trypano-
somes. The ability of trypanosomes to induce platelet ag-
gregation in whole blood or platelet-rich plasma (PRP)
pretreated with 50 mM adenosine was determined. Exoge-
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nous ADP was also removed by dialyzing the harvested
trypanosomes overnight against phosphate-buffered saline
and by separating the trypanosomes from rat blood in a
QAE-50 Sephadex column with a phosphate-buffered saline-
glucose (PSG) solution (11). Dialyzed trypanosomes and
column trypanosomes, which were completely free of rat
erythrocytes and platelets, were washed with 10 vol of
PSG, diluted to 8 X 10°/mm?®, and tested for the aggregating
effect as described above.

In order to test whether complement components were
required for trypanosome-induced platelet aggregation, the
blood of rabbits congenitally deficient in C6 was drawn into
0.2 M EDTA, a concentration sufficient to inactivate C4
and C2, and the usual concentration of trypanosomes was
added.

Participation of kininlike substances in the platelet in-
jury was checked by adding trypsin (50-500 ug/ml), alpha-
chymotrypsin (50-500 ug/ml), or an equal volume of saline
to harvested trypanosomes for 30 min at 37°C. Lima bean
trypsin inhibitor was then added to each sample of try-
panosomes before addition of 0.1 ml of the treated trypano-
somes to 1.0 ml of rat blood.

The effect of washing the trypanosomes before addition
to normal blood was tested by washing the harvested try-
panosomes from an aliquot of plasma three times in 10
vol of 0.15 M NaCl. In the in vitro system, the washed
trypanosomes, the trypanosome-free infected plasma con-
centrated five times, and the washings reduced in volume
at 4°C in dialysis tubing to only twice the original plasma
volume were tested for their ability to cause platelet ag-
gregation.

1 ml of trypanosomes (10°) harvested from rat blood .
was sonicated in ice by means of a biosonic probe with one
or two 10-s bursts at 30% intensity. This short period dis-
rupted approximately 90-95% of the trypanosomes. The
sonicated material was then made trypanosome-free by cen-
trifugation at 3,500g for 20 min. 1 ml each of the untreated
supernate, supernate preheated at 56°C for 30 min, and
supernate treated with trypsin or alpha-chymotrypsin was
added to 1 ml of normal rat blood.

Electron microscopy (EM). Column-purified trypano-
somes or trypanosome-free sonicate were added to tubes of
citrated rat PRP and gently rocked at room temperature.
Samples were withdrawn at 30 min and 90 min for fixation
and preparation for EM, along with control samples of

For transmission EM the samples were added to equal
volumes of 0.2% glutaraldehyde in isotonic buffered saline
(IBS) centrifuged at 1,500g for 15 min to form a loose
pellet, fixed in 2% glutaraldehyde in IBS for 2 h, post-
fixed in 2% osmium tetroxide in IBS for 1 h, dehydrated,
and embedded in Araldite (Ciba Products Co., Summit,
N. J.). Sections were cut with a Porter-Blum MT-2B
ultramicrotome and stained with lead citrate and uranyl
acetate. They were examined with a Zeiss 9S electron mi-
croscope (Carl Zeiss, Inc.,, New York).

For scanning EM samples were pipetted onto glass
cover slips and fixed in place with 0.2% glutaraldehyde in
IBS for 15 min, followed by 2% glutaraldehyde in IBS for
1 h. After dehydration in an ethanol-Freon series and
processing in a Bomar SPC-900 critical point drying appa-
ratus (The Bomar Co., Tacoma, Wash.), they were
mounted on aluminum studs, coated with a 400-600-A
layer of gold-palladium, and examined with an Etec U-1
scanning electron microscope (Etec Corp., Hayward, Calif.).

C. E. Davis, R. S. Robbins, R. D. Weller, and A. 1. Braude
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Ficure 1 Effect of experimental trypanosomiasis on the platelet count, fibrinogen, and FSP
concentration. Rats were infected with 10-20,000 trypanosomes intraperitoneally. Each day
three normal and three infected rats were exsanguinated and studied until all rats were dead.
Each point represents the mean platelet count and fibrinogen and FSP concentration of three

rats.

RESULTS

Experimental trypanosomiasis

More than 500 rats and 50 rabbits were studied. All
infected rats died between 96 and 144 h with no obvious
signs of illness until shortly before death. Rabbits fol-
lowed a more erratic course and died after a cachetic
illness of 3-6 wk. The effect of experimental trypanoso-
miasis on the platelet count, Hcr, and fibrinogen was
determined 96 h after infection (24 h before the first
spontaneous death occurred) and at 120 h, the death
point in rats not subjected to blood studies. As shown
in a typical experiment in Table I, the Hcr and fibrino-
gen concentrations of infected rats did not differ from
uninfected controls. The platelet counts, on the other
hand, were markedly reduced in infected rats at 96 h
and again fell sharply during the 24 h before death, when
the number of trypanosomes in the blood was increasing
rapidly. In fact an inverse relationship between the
number of trypanosomes and platelets suggested a direct
effect of trypanosomes or their products on the platelets.

No platelet aggregates were ever noted in the platelet

counts performed during the in vivo experiments.

Next a group of rats were studied daily to be certain
that DIC with early consumption of fibrinogen and
production of FSP was not responsible for the thrombo-
cytopenia that occurred late in the disease. The range
of FSP in more than 25 normal rats was 2-16 ug/ml
with a mean of 8 pg/ml +0.68 (2 SEM). When three

Thrombocytopenia in Experimental Trypanosomiasis

different rats were studied daily (Fig. 1) until all in-
fected controls died, the only abnormality was a daily
fall in platelets.

Gross and microscopic examinations of the kidneys,
livers, spleens, lungs hearts, and brains of infected rats
failed to demonstrate vascular lesions or fibrin deposition. -
Splenomegaly was the only finding. If the thrombocyto-
penia were due to removal of normal or injured plate-
lets by the enlarged spleen, splenectomized animals

TaABLE I
Effect of Experimental Tryp jasts on Platelet
Count, Fibrinogen, and HCT
Platelet count Fibrinogen HCT
X10%/mm? mg/100 ml %
96 h after infection
Infected 3354£114* 210418 4143
Normal 1,064 106 1859 4140.7
120 h after infection
Infected 18+9 257440 37+3.6
Normal 1,0914+128 20714 4141.6

Male Holtzman rats were infected intraperitoneally with
10-20,000 trypanosomes. Normal littermates were not in-
fected. Six animals in each group were exsanguinated at the
time 509, mortality was reached in a control group (120 h)
and approximately 24 h earlier. All infected rats died within
144 h.

* +2SEM.
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Ficure 2 Dose response relationship of thrombocytopenia
to trypanosomemia. 36 rats were injected on day 0 and
at least 6 exsanguinated daily until all were dead. Six
uninfected littermates were used as uninfected controls.
Trypanosomes and platelets were counted by phase micros-
copy and the results plotted as platelet counts vs. trypano-
some counts. Note the inverse relationship between the
numbers of trypanosomes and platelets.

might not show thrombocytopenia or might have a
different clinical course with obstruction of small ves-
sels and earlier death. As shown in Table II, splenec-
tomized animals also displayed thrombocytopenia after
infection. No platelet aggregates were seen. There was
no difference in the clinical course or the time of 509

or 1009 mortality of infected splenectomized or non-

splenectomized animals.
To rule out the possibility that the thrombocytopenia
- occurred in vitro by reaction of intact trypanosomes
and platelets between the time of exsanguination and
the platelet count, six infected rats were treated with
suramin (3 mg/kg) 24 h before the estimated time of
death. When they were exsanguinated 24 h later, the
trypanosomemia had cleared, but striking thrombocyto-
penia persisted with a mean platelet count of 128+62
X 10° platelet/mm® (£2 SEM) and was nearly as severe

TaBLE II

Effect of Trypanosomiasis on Platelet Counts, Fibrinogens,
‘and HCT of Splenectomized Rats

Rats Platelet count Fibrinogen HCT

X 103/ mm3 mg/100 ml %
Uninfected 1,200468 227424 4342
Infected 204456 251416 4345

Holtzman male rats (200-250 g) were splenectomized under
ether anesthesia. 4 wk later when the platelet counts were
approaching normal, 15 rats were infected intraperitoneally
with 10,000 trypanosomes. When 509, of the infected rats
had died (5 days), five infected rats and five uninfected,
splenectomized rats were exsanguinated and studied. All in-
fected, splenectomized rats died within 144 h. Values are
+SEM.
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TaBLE III
In Vitro Effect of Nonmotile Trypanosoma rhodesiense on
- Rat Platelets, White Cells, and Hct

Effect of 0.1 ml of Platelet count White cells HCT
X103/ mm? %
Rat plasma 9984 19* 15,400 37.5
Trypanosomes 11349 14,050 37.0
* +2 SEM.
TasLE Illa

Aggregation of Rabbit and Human Platelets by
Trypanosoma rhodesiense

Platelet counts+2 SEM

Effect of 0.1 ml of Rabbit Human
X103/ mm3
Homologous plasma 7154136 269433
65+13 14715

Trypanosomes

Trypanosomes were harvested from the top of the buffy coat
of infected rats. To 1.0 ml of whole rat blood anticoagulated
with EDTA, 0.1 ml of normal rat plasma or concentrated
trypanosomes (108) was added. The trypanosome suspensions
are poor in platelets, white cells, and red cells. The tubes were
rocked on an Ames aliquot mixer at room temperature and
cell counts and HCTS measured at 30 min. All platelets that
could be counted were included in the tally including those in
small aggregates of four or five. Most of the platelets in the
blood treated with trypanosomes were in aggregates of greater
than 10, and aggregates of greater than 50 were not
uncommon.

The figures in Table III represent 14 paired determinations
for platelets and five paired determinations for white cells
and HCT. The figures in Table IIIa represent the effect on the
platelets of five individuals studied simultaneously.

as that of six infected littermates bled 24 h earlier (62
+36 X 10°) at the time the treated rats were given
suramin. Suramin (3 mg/kg) did not alter the platelet
count of six uninfected rats (1,053%=60 X 10*) compared
to six untreated littermates (1,042240 X 10°). This
experiment did not rule out an effect of circulating
trypanosomal products on platelets. .

In vitro platelet aggregation

Addition of 10" to 10° trypanosomes to 1 ml of normal
rat blood invariably caused platelet aggregation in vitro.
Nonmotile trypanosomes stored in the refrigerator for
up to 1-2 wk were as effective as fresh, motile trypano-
somes. A typical experiment is shown in Table III.
After 30 min most of the platelets were found in
aggregates of greater than 10, and aggregates of 50
were not uncommon. As shown in Table III, there
was no effect on the HCT or white cell count. Multiple
determinations have shown no effect on fibrinogen con-

C. E. Davis, R. S. Robbins, R. D. Weller, and A. 1. Braude



centration. FSP were not studied in vitro. The aggre-
gation phenomenon occurred equally in whole blood or
PRP at temperatures of 22°-37°C and was effective
in blood anticoagulated with EDTA, sodium citrate, or
heparin. Heparin was not used routinely, however,
because spontaneous aggregation occurred in heparin-
ized rat blood.

Aggregation significantly lowered the platelet count
by 15 min and was virtually complete by 30 min. There
was no significant change between 30 and 180 min.
Continued oscillation at 36/min or rapid vortex mix-
ing for 30 s (Vari Whirl, Van Waters and Rogers,
Inc., San Francisco, Calif.) did not change the platelet
count or the number of aggregates. Vigorous agitation
on a Burrell Wrist Action Shaker (Burrell Corp,,
Pittsburgh, Pa.) at 210 cycles/min for 5 min physically
sheared some aggregates, increasing both the number
of aggregates and the number of platelets. When a 30-
min preparation with a platelet count of 28 X 10°/mm®
and 26 X 10° large aggregates/mm® was subjected to 5
min agitation on the wrist action shaker, the platelet
count increased to 184 X10°/mm® and the number of
aggregates to 76 X 10°/mm®.

As shown in Table IITA, trypanosomes also caused
aggregation of human and rabbit platelets.

Mechanism of platelet injury

Because platelet aggregation was not detected at any
stage of infection, it was possible that the in vivo
thrombocytopenia was not related to in vitro aggrega-
tion. For example, the in vitro phenomenon might be
ADP-induced aggregation that would not occur in vivo
because the smaller circulating concentrations of ADP
available in vivo at any given time might be hydrolyzed
to inactive metabolic products. It did not seem likely,
however, that the aggregation was due to ADP because
it occurred in the presence of strong chelating agents
such as EDTA, known to interfere with ADP-induced
aggregation (12). Other more likely explanations that
would relate the in vivo and in vitro phenomena in-
cluded immunologic injury and platelet damage by a
trypanosomal enzyme or toxin. Immunologic injury
would most likely be mediated by antigen-antibody
complexes with platelet injury by immune adherence,
late components of complement, or pharmacologically
active substances such as kinins.

Dose-response relationships. An inverse relationship
between the numbers of trypanosomes and platelets in
both the in vivo and in vitro models first suggested
that thrombocytopenia in vivo and aggregation in vitro
might be due to a direct effect of the trypanosomes or
their products on the platelets. Further exploration of
this relationship showed interesting dose-response curves
(Figs. 2 and 3). The number of trypanosomes neces-

Thrombocytopenia in Experimental Trypanosomiasis
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Ficure 3 Dose response relationship of the aggregation
phenomenon to the concentration of trypanosomes. Serial
10-fold dilutions of concentrated trypanosomes were each
added to 1 ml of a pool of normal rat blood and the platelet
counts determined after 30 min. The negative control con-
sisted of the same volume (0.1 ml) of normal plasma har-
vested from the same pool of rat blood. Note that the
number of trypanosomes needed to cause aggregation (about
800 X 10°/mm®) is the same as that necessary to cause
thrombocytopenia in vivo (Fig. 2).

sary to cause minimal but significant in vivo thrombo-
cytopenia was the same (about 800 X 10%) as the num-
ber necessary to initiate the in vitro aggregation phe-
nomenon. Further, the shapes of the curves and the
points of “maximal” effect were similar.

ADP-induced aggregation. The possibility that the
in vitro phenomenon was due merely to the addition
of exogenous ADP from trypanosomes or hemolyzed
red cells was tested and disproved in the following
ways: (@) ADP concentrations 6,000 times higher than
the usual aggregating dose of 0.3-1.0 pg/ml (13) did
not cause aggregation in EDTA-treated whole blood or
rat PRP; (b) trypanosome-induced aggregation was
not inhibited by 50 mM adenosine, either in EDTA-

TaBLE IV
In Vitro Aggregating Effect of Trypanosoma rhodesiense on
Rabbit Platelets in a Decomplemented System

C6 deficient
rabbit blood
(collected in
Effect of 0.1 ml of 0.2 M EDTA)
X 103 /mm3
Trypanosomes harvested
in0.2 M EDTA 194
Normal plasma harvested
730

in 0.2 M EDTA

Trypanosomes were harvested from rat blood drawn into
0.2 M EDTA and added to C6-deficient rabbit blood also
harvested in 0.2 M EDTA. In this system complement
mediated immune adherence and C lysis were both blocked.
The platelets were counted at 30 min as outlined in the text
and in Table III.
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TaABLE V
Platelet Aggregation by Trypanosomes in the Presence of Kinin Inhibition

Trypanosomes pretreated with:

Lima bean
Saline control Trypsin Alpha-chymotrypsin trypsin inhibitor
(no trypanosomes) Untreated (50 pg/ml) (50 wg/ml) (125 pg/ml)
1,100 168 132 136 162

Platelet count X 103/mm3

Platelet counts from pooled blood of five rats. After harvesting, trypanosomes were treated with the indicated con-
centration of trypsin or alpha-chymotrypsin for 30 min at 37°C. Trypsin was inactivated by lima bean trypsin in-
hibitor before trypanosomes were added to the rat blood. Note that the lima bean trypsin inhibitor also had no effect
on aggregation. Platelets were counted at 30 min as outlined in the text and in Table III.

plasma or heparinized plasma. At this concentration
adenosine is a powerful inhibitor of ADP-induced plate-
let aggregation (13); (c¢) removal of ADP from try-
panosome concentrates by dialysis and Sephadex QAE-
50 did not alter the aggregating effect. At the same
concentration of trypanosomes (8 X 10°/mm?®), aggre-
gation resulted in platelet counts of 28 X 10°/mm® with
the usual buffy coat trypanosomes, 34 X 10° with di-
alyzed trypanosomes, and 26 X 10® with column trypano-
somes. The plasma control was 1,100 X 10°/mm®

Complement inhibition. Because immune complexes
in the presence of complement may cause platelet ag-
gregation, we tested this possibility in vitro by the
following experiment, The blood of rabbits congenitally
deficient in C6 was drawn into 0.2 M EDTA, a con-
centration sufficient to inactivate C4 and C2. In this
system immune lysis requiring all late components of C
and immune adherence requiring the first four com-
ponents would be completely blocked. As shown in
Table IV, platelet aggregation is not mediated by com-
plement.

Proof that the in vivo thrombocytopenia was also in-
dependent of the late components of complement at least
was obtained by checking for thrombocytopenia in in-
fected Co6-deficient rabbits. Two rabbits congenitally

TasLE VI
Effect of Particle-Free Supernate from Disrupied
Trypanosomes on Rat Platelets

Platelet counts X 103/mms3 30 min after 1.0 ml
of rat blood was treated with 0.2 ml of :

Heated
supernate
Normal 56°C for
plasma Supernate 30 min
1,038 452 896

Normal blood anticoagulated with EDTA was obtained from
a pool of five rats. Platelets were counted at 30 min as outlined
in the text and in Table III.
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deficient in C6 were infected in the usual manner. 3 wk
later, when the animals began to show signs of clinical
illness, platelet counts were compared to those taken
2 days before infection. The platelet counts before in-
fection were 650 X 10° and 852 X 10°/mm®. The 21-day
post-infection counts were 122 X 10° and 210 X 10°/mm?,
respectively.

Kinin inhibition. Kininlike substances, however,
might be produced and released directly from trypano-
somes, from platelets, or from rat mast cells. The
rabbit plasma inactivator of kinin, kininase, is destroyed
by EDTA. Such inactivation of trypanosomal kinin
might explain the persistence of the in vitro platelet
aggregation by trypanosomes in the presence of this
chelating agent. Cochran and Wuepper (14) have shown
that kinin activity is destroyed by carboxypeptidase-B
or alpha-chymotrypsin but not by trypsin. The experi-
ment shown in Table V exploited this observation. As
shown in this and several other experiments, neither
alpha-chymotrypsin or trypsin inhibited tryanosome-in-
duced platelet aggregation at the usual concentrations
shown in Table V (50 ug/ml) nor in concentrations of
500 pg/ml.

Studies implicating a possible trypanosomal enzyme
or toxin. Because the thrombocytopenia was not due
to immune complexes, ADP, or kinin activity, it might
be mediated by a trypanosomal enzyme or toxin. Weitz
(15) found an exoantigen of Trypanosoma brucei in
the serum of infected animals and in washings of har-
vested trypanosomes. This antigen was necessary for
infectivity, because infectivity for mice was lost by
washing trypanosomes and restored by suspending the
organisms in their washings or trypanosome-free in-
fected serum. Platelet aggregation, on the other hand,
was not affected by washing our strain of Trypanosoma
rhodesiense. Harvested trypanosomes washed three times
in 10 vol of 0.15 M saline caused platelet aggregation
equal to fresh organisms. Concentrated, infected plasma
and the concentrated washings failed to cause aggrega-
tion. Since the aggregating factor appeared to be bound
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to the trypanosome, we next tried to isolate the active
factor by disruption of the organisms. This manipula-
tion was successful only after very short periods of
sonication. When 0.2 ml of the trypanosome-free super-
nate of the disrupted trypanosomes was added to 1.0
ml of normal rat blood, aggregation always occurred. A
typical experiment is shown in Table VI. Like the whole
trypanosome, this aggregating factor is effective in
EDTA-treated blood and is resistant to kinin inhibitors.
It is labile, however, to heating at 56°C for 30 min
(Table VI), This heat lability suggests that the aggre-
gating substance may be a protein toxin or enzyme. Its
effectiveness in the presence of EDTA and the previous
studies with the whole trypanosome seem to rule out
the participation of complement.

The aggregating substance was not removed from
the particle-free supernate by dialysis. Column-purified
trypanosomes sonicated and made particle-free by cen-
trifugation were divided into two portions. After over-
night dialysis of one portion against PSG buffer, equal
volumes of the two portions caused equal platelet ag-
gregation in citrated rat PRP. After 30 min the platelet
counts were; normal rat plasma control 1,450 X 10°
untreated supernate 346 X 10°, and dialyzed supernate
378 X 10°/mm®.

EM. Scanning and transmission electron micro-
graphs were made of aggregates induced by whole
trypanosomes and trypanosome-free supernate. Fig. 4
shows the typical appearance on scanning EM of an
aggregate induced by the trypanosome-free supernate.
Fig. 5 compares normal platelets and aggregated plate-
lets by transmission EM. These aggregates show typi-
cal changes of aggregation, including degranulation,
centralization of granules, presence of micelles, and re-
duction in cytoplasmic density.

DISCUSSION

Severe thrombocytopenia occurs in rats and rabbits in-
fected with this human strain of Trypanosoma rho-
desiense. Since it occurs without consumption of fib-
rinogen or release of FSP (Table I and Fig. 1), it
is clear that the thrombocytopenia is not secondary to
DIC. Instead a direct injury of platelets by trypano-
somes appears responsible. Direct injury was first sug-
gested by the inverse relationship of parasitemia to
thrombocytopenia (Fig. 2). The degree of platelet ag-
gregation caused by the addition of trypanosomes in
vitro to normal rat, rabbit, or human blood (Table III
and ITTA) was directly related to the number of trypan-
osomes (Fig. 3) and stimulated a search for a trypan-
osomal factor capable of causing direct platelet dam-
age. After it was shown that the in vitro aggregation
was not caused by ADP derived from trypanosomes or
red cells, this system became a simple assay for
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FI1GurRe 4 Platelet aggregate (at 90 min) induced by try-
panosome-free supernate X 2,900 (scanning EM).

studying the mechanism of platelet injury. A series of
experiments with this system, supplemented by the in
vivo model, has ruled out immunologic injury as the
cause of platelet damage and shown that the aggre-
gation is caused by a substance found in heat-labile
supernates of disrupted trypanosomes.

It was necessary to study immunologic phenomena
carefully because a series of reports have implicated the
participation of antigen-antibody complexes in the path-
ogenesis of the lesions of trypanosomiasis. First, in
experimental rabbit trypanosomiasis, each wave of para-
sitemia is caused by trypanosomes with antigens dif-
ferent from those of the predecessors, against which
antibody has already been produced (16). Second,
Goodwin and Hook (17) have shown that the major
pathologic changes in rabbits infected with Trypano-
soma brucei are vascular lesions, thrombus formation,
and increased vascular permeability. Finally, kinin con-
centrations are increased in experimental infections of
laboratory animals (18) and volunteers (19). Thus it
has been postulated that the vascular pathology is re-
lated to the release of kinins by antigen-antibody com-
plexes. Our studies suggest an alternative mechanism
of vascular damage by showing that trypanosome medi-
ated platelet injury is independent of immune complexes
as mediated by immune adherence (Table IV), comple-
ment-mediated lysis (Table IV), and kinins (Table V).
Independence from late components of complement was
also shown by demonstrating that infected C6-deficient
rabbits also developed thrombocytopenia. It is mnot
known whether the trypanosomes in Goodwin and
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Fiure 5 Comparison of normal rat platelets and platelet aggregates induced by trypano-
some-free supernate. Aggregates were induced by adding 0.2 ml of trypanosome-free supernate
to 1 ml of rat PRP. Controls were PRP to which 0.2 ml of platelet-poor plasma from the
same pool was added. Samples were obtained after 90 min as noted in the text.
A. Control platelets X 5,800.
B. Same as A X 12,500. Note marginal band of microtubules (MB) in longitudinal and
cross-sections and surface-connected membrane system (SCS).
C. Platelet aggregate X 5,800.
D. Same as C X 12,500. Note degranulation and reduction of cytoplasmic density in several
platelets, with some micelles (M) and free granules present and centralization of

granules (large arrow).

described by Goodwin and Hook could also contribute
to thrombocytopenia. Gross and microscopic examina-
tion of the kidneys, livers, spleens, lungs, hearts, and

Hook’s rabbits (17) or Boreham’s volunteers (19)
caused thrombocytopenia, because platelets were not
studied. Deposition of platelets in the vascular lesions
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brains of rats infected with our strain of T rhodesiense
has not demonstrated such vascular lesions or fibrin
deposition. Splenomegaly is the only finding.

As shown in Table VI, remarkable platelet aggrega-
tion is produced by trypanosome-free extracts of dis-
rupted organisms, The aggregating substance is so labile
that it is inactivated by sonication lasting as little as
20 s beyond the initial 20-s period. The fact that it is
heat-labile but not blocked by inhibitors of complement
strongly suggests that it is a protein toxin or enzyme.
The identity of this substance has not been determined.
Among the agents known to cause platelet aggregation,
ADP, antigen-antibody complexes, and FSP have been
ruled out. Serotonin and epinephrine are unlikely be-
cause of the marked lability of the phenomenon to heat
and sonication. Long-chained saturated fatty acids seem
to be eliminated because the aggregating substance
was not removed from supernates by extraction with
petroleum ether.? The trypanosomes may contain a pro-
tein with thrombin, fibrinogen, or collagen activity or a
trypanosomal protein unrelated to other aggregating
substances. Larger quantities of the thrombocytopenic
factor are being accumulated for studies in vivo with
the aggregating substance and in vitro with protein
and enzyme inhibitors and isolation of the aggregating
substance.

Thrombocytopenia has not been reported previously
in experimental trypanosomiasis and indeed in only
two cases of naturally acquired human trypanosomiasis
(1, 20). Both patients were Americans who visited en-
demic areas of Africa. It is important to know whether
thrombocytopenia is a uniform accompaniment of Rho-
desian trypanosomiasis, because the usual cause of
death in this fulminating disease is unknown. Our data
suggest that thrombocytopenia may be an important
manifestation of this illness. :

The platelet injury described here is independent of
hemolysis, DIC, or immunologic injury related to im-
" mune adherence, complement-mediated lysis, or release
of kinins. Aggregation of platelets in vitro by heat-
labile supernates of disrupted trypanosomes is not
blocked by inhibitors of complement or ADP. If the
platelet effect is due to a protein toxin or enzyme, this
will be the first infectious agent shown to have a direct
toxic effect on the platelet without DIC. Release of
procoagulants from injured platelets might then result
in intravascular clotting in some animal species and
account for the DIC observed in the patient treated in
this hospital.

Note added in proof. After this manuscript was com-
pleted, our observation of thrombocytopenia in human
trypanosomiasis was confirmed in rhesus monkeys by Sadun,
Johnson, Nagle, and Duxbury. 1973. Am. J. Trop. Med.
Hyg. 22: 323.

2 Unpublished observation.
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