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SUMMARY

Forms of Trypanosoma brucei isolated from lymph nodes of cyclically or
intravenously infected rats, at diflFerent stages of infection, were morph-
ologically compared with the corresponding bloodstream forms. Unlike
the pleomorphic bloodstream trypanosome population, the lymph node
trypanosome population was essentially monomorphic and resembled
the slender forms of the bloodstream. Values for the morphometric
parameters indicated a position between the slender and the stumpy
forms. The number of trypanosomes/ml of blood showed the well-known
periodic fluctuations while the number of trypanosomes/g of lymph node
remained fairly constant. Serology revealed that lymph node trypanosome
populations differed antigenically from the trypanosome populations
isolated simultaneously from the bloodstream.

INTRODUCTION

Trypanosomes of the Trypanosoma brucei sub-group multiply not only in the
vascular system but also extravascularly (Losos & Ikede, 1972). In particular they
seem to have a predilection for the lymphoid system and for connective tissue
(Schubergjc Boeing, 1913; Goodwin, 1970). Amastigote tissue forms and foci of
development have been described in the internal organs of vertebrate hosts (Soltys,
Woo & Gillick, 1969). Ormerod & Venkatesan (1971) have speculated that amas-
tigote forms in the choroid plexus of the T. fcracei-infected vertebrate host could
be of great importance for the bloodstream trypanosome population. In their view,
the amastigotes are the forms which give rise to slender, dividing trypomastigotes
circulating in the blood. In addition, Ssenyonga & Adam (1975) obtained evidence
that monomorphic, slender-like forms of T. brucei are flushed from the lymphatic
system into the bloodstream.

The importance of tissue foci of T. brucei sub-group trypanosomes has not often
been assessed in relation to the antigenic nature of these populations. Seed & Effron
(1973) have shown that trypanosomes from different parts of rodent brains infected
with T. gambiense differ antigenically from trypanosomes isolated simultaneously
from the blood. Balber (1972) has suggested that slender forms invade tissue
spaces, where they undergo antigenic variation.

In the present study, we compare morphologically and serologically the trypano-
somes found in the lymph nodes of T. brucei-infected rats at different stages of
infection with simultaneously isolated bloodstream trypanosomes.
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384 M. TANNER AND OTHERS

MATERIALS AND METHODS

Trypanosoma brucei stocks
Stabilate STIB 348T is a clone derived from a single metacyclic form of stabilate

STIB 348, which is itself a cloned derivative of STIB 246. STIB 246 was originally
isolated from a hartebeest (Alcelaphus buselaphus) in the Serengeti (Tanzania) in
1971 and cryopreserved after 1 rat passage (Geigy, Jenni, Kauffmann, Onyango
& Weiss, 1975). Stabilate STIB 366A is a clone of primary isolate Serengeti/66/
SVRP/42 (Baker, 1979) which we received from the Molteno Institute, Cambridge.

Animals
SIV white rats (females, 200-230 g) and ICE, white mice (females, 20-28 g) were

used (Tierzuchtinstitut, Universitat Zurich, Switzerland). Pupae of Glossina m.
morsitans were obtained from Dr A. M. Jordan, Langford, Bristol. The pupae were
maintained and the teneral flies infected with STIB 348T as described by Jenni
(1977).

Infection
Stabilate STIB 348T: each rat was infected by a single infectious bite.
Stabilate STIB 366A: after thawing the stabilates, the organisms were diluted

with ESG-buffer (ethylenediaminetetra-acetic acid saline-glucose, pH 7-4, Walker
(1970)) and 106 motile trypanosomes were injected intravenously (tail vein) into
each rat.

Bloodstream trypanosomes (BF)
Tail blood was examined daily for trypanosomes by the haematocrit centrifuge

technique (HCT) or by direct wet preparation. Counts were made in a Neubauer
haemocytometer. Blood smears were prepared daily, fixed with methanol and
Giemsa-stained. At least 250 trypanosomes were examined and classified as slender,
dividing, intermediate or stumpy forms.

Lymph node trypanosomes (LF)
Rats (6/group) were killed at the 1st peak, the remission or the 2nd peak of

parasitaemia and the following lymph nodes were removed and kept in ice-cold
phosphate-buffered saline-glucose (PSG) 6:4, pH 8-0: axillary-, inguinal-, pharyn-
geal-, lumbar-, mesenteric- and portal vein-lymph nodes. The lymph nodes were
weighed, pooled and triturated in ice-cold PSG with a loose-fitting teflon pestle.
The trypanosomes in the resulting cell suspension were counted and the corre-
sponding number of trypanosomes/g of lymph node was calculated. Thin films of
the suspension were prepared and examined as described above.

Quantitative morphological investigation of LF

Cyclically infected rats were killed at the 2nd peak of parasitaemia (10-15 days
post-infection). Trypanosomes were separated from the lymph node cells by
centrifugation for 20 min at 60 g and 4 °C. The trypanosomes recovered from the
supernatant fluid were washed 4 times in PSG and prepared for light and electron
microscopy.
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Trypanosoma brucei lymph node forms 385

Light microscopy

Thin smears were prepared and the mean absolute nuclear volume {Vnu) of
the trypanosomes was evaluated (Hecker, Burri, Steiger & Geigy, 1972).

Electron microscopy

Processing of entire infected lymph nodes as well as pellets of separated LF'
was carried out by standardized methods (Hecker et al. 1972). The sampling for
morphometry and the test systems used were essentially the same as previously
described (Hecker et al. 1972; Hecker, Burri & Boehringer, 1973). The following
morphometric parameters were investigated and their mean values + standard
errors (s.E.) were calculated: absolute volume of nucleus (Vnu), absolute volume
of cytoplasm without flagellum (Vcy), nuclear/cytoplasmic ratio (nu/cy), volume
density of mitochondrion (VVmi), volume density of glycosomes (VVgJ), surface
density of mitochondrial outer membrane (SVmio), surface density of mitochondrial
inner membrane (SVmii). Groups of results were obtained from each of 2 infected
rats and compared statistically (Student's t-test, significance limit 2P < 0-05).

Serology

BF and LF were separated from blood cells or lymphocytes by centrifugation
in the cold as described above. The trypanosomes were washed 4 times, fixed in
1 % formalin and prepared for the indirect fluorescent-antibody test (IFAT) as
described by Nantulya & Doyle (1977).

Sera were obtained from the infected rats at the same time as the rats were
killed for the isolation of BF and LF. Inactivated sera were tested by IF AT against
procyclic culture forms of the homologous trypanosome stock (grown in SDM-77,
Brun & Jenni (1977)) to detect antibodies against common antigens. As all sera
no longer reacted with procyclic culture forms at a dilution of 1:320, 2-fold dilutions
starting at 1:320 were used to test for variable antigen types (VAT). Drops of
serum dilutions (phosphate-buffered saline (PBS), pH 7-3, as diluent) were allowed
to react with fixed trypanosome samples at 37 °C for 25 min. The slides were
washed 3 times in PBS for 10 min. The trypanosomes were subsequently incubated
in a 1:80 dilution of a fluoreseein-isothiocyanate-conjugated rabbit anti-rat (heavy
and light chains) IgG (Cappel Laboratories, Cochranville, Pa., USA) at 37 °C for
25 min. The slides were again washed as above and mounted in phosphate-buffered
glycerol. Control tests included incubation in normal rat serum or incubation in
conjugate alone. At least 200 trypanosomes were examined under a Zeiss fluores-
cence phase-contrast microscope and the proportion of positively and negatively
stained forms was determined.

RESULTS

Groups of 6 intravenously infected rats were killed at the 1st peak, the remission
and the 2nd peak of parasitaemia. As demonstrated in Fig. 1, the number of
trypanosomes/ml of blood showed the well-known periodic fluctuation of a blood-
stream population, while the number of LF/g of lymph node remained fairly
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Fig. 1. Number of trypanosomes in 1 ml of blood (BF) and number of trypanosomes
in 1 g of lymph node (LF) simultaneously isolated from rats intravenously infected
with 106 Trypanosoma brucei (stabilate STIB 366A) at the 1st peak, the remission
and the 2nd peak of parasitaemia. Each column represents the arithmetic mean
+ S.E. of 6 rats.

constant during infection (i.e. until the 2nd peak of parasitaemia which was
reached between days 11 and 15 post-infection).

Fig. 2 shows that the percentage of dividing forms in the lymph node population
was usually higher than in the corresponding bloodstream population in cyclically
as well as in intravenously infected rats. Two and three days after intravenous
infection, no parasites were detectable by HOT in the blood of 2 rats (triplicate
HOT of tail blood, heart blood and hepatic vein blood), although the lymph node
trypanosome populations were already established and showed a remarkably high
dividing rate (Fig. 2B).

LF were infective (i.p. as well as i. v.) for mice and rats at all the stages of infection.
The parasitaemia resulting from injection of LF was not distinguishable in its
course and pleomorphism from a parasitaemia caused by the same number of BF.
It was also possible to obtain clones from lymph node populations. LF could not
be adapted to a vector-form culture although the semi-defined medium used,
SDM-77 (Brun & Jenni, 1977), enabled direct adaptation of intermediate and
stumpy BF of the same stock into a vector-form culture.
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Fig. 2. Proportion of dividing forms in the blood and lymph nodes of rats infected
•with Trypanosoma brucei (stabilate STIB 366A for intravenous infection, stabilate
STIB 348T for cyclical infection). Each double column shows the data of a single rat.
Rats were killed at the 1st peak, the remission or the 2nd peak of parasitaemia.
BF, trypanosomes isolated from the blood; LF, trypanosomes isolated from the
lymph nodes; ID, days after infection.

LF had an intermediate-slender appearance (PI. 1 A). Stumpy forms could only
be detected sporadically ( < 2 %) among trypanosomes isolated from lymph nodes
at different stages of parasitaemia (peaks and remission). At the same time the
proportion of stumpy forms circulating in the blood varied between 11-8 + 2-0 %
and 21-2 ±4-9% (means +S.E. ,» = 16). The lymph node trypanosome populations
appeared fairly monomorphic during all the stages of infection. In contrast, the
bloodstream trypanosome populations showed the well-known pleomorphism.
Electron microscopy revealed that the LF occurred predominantly intercellularly
in the lymph node tissue (PI. 1C). LF were found in all regions of the lymph nodes.
No predilection for a particular site could be noted. LF also had a surface coat (PI.
1B, inset) which was similar in thickness and electron density to the BF. Morpho-
metric data for LF are presented in Table 1. The quantitative morphology of LF
was compared with previously published values for slender and stumpy BF of rats
infected with other T. brucei stocks (Boehringer & Hecker, 1974, 1975, values in-
cluded in Table 1). It could thus be demonstrated that the values of most of the
parameters for LF lie between those for slender and those for stumpy forms. This
is especially clear in the case of the mitochondrial values. The results for Vnu,
nu/cy, 8Vmii and VVgl obtained from 2 different rats were significantly different.

The reaction pattern of 3 cumulative infection sera harvested from 3 rats at
different states of infection revealed that the lymph node trypanosome population
contained a different set of antigenic populations than the corresponding blood-
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388 M. TAUNEB AND OTHEES

Table 1. Trypanosoma brucei stabilate STIB 348T, trypanosomes isolated from
lymph nodes (LF) of cyclically infected rats

(Mean ± S.E. of parameter results (for abbreviations see Materials and Methods
section).)

LF STIB 348T
Rat 38

LF STIB 348T
Rat 40

SL STIB 348T
Rat 38

SL STIB 348T
Rat 40

SL STIB 338*
SL STD3 33*
SL STIB 65*
SS STIB 348T

Rat 38
SS STIB 348T

Rat 40
SS STD3 338*
SS STIB 33*
SS STIB 65*

Vwu
(jim3)

4 1 2
±0-18

3 0 4
±016

1-71
±010

1-62
±016

2 0
3 0
1-6
6-83

±0-38
5-69

±016
5-5
7-4
3-7

nu/cy

0170
±0015

0131
+ 0015

N.D.

N.D.

0110
0106
0126
N.D.

N.D.

0110
0106
0124

Vcy
(fiva3)

24-2

23-2

N.D.

N.D.

141
2 0 0

9 1
N.D.

N.D.

39-7
55-4
22-4

Vvmt

0059
+ 0008

0068
+ 0005

N.D.

N.D.

0092
0045
0033
N.D.

N.D.

0146
0139
0147

Svmt0

0-968
±0099

1154
±0060

. N.D.

N.D.

103
0-80
0-67
N.D.

N.D.

1-64
1-39
1-37

Svm«
1065

+ 0-128
1-400

± 0094
N.D.

N.D.

1-50
0-92
0-60
N.D.

N.D.

2-79
2-47
3 1 3

Vvgi

0062
± 0004

0077
± 0-005

N.D.

N.D.

0080
0084
0090
N.D.

N.D.

0070
0076
0078

N.D., not done.
* Extrapolated mean values for slender forms (SL) and short stumpy forms (SS) from

Boehringer & Hecker (1974).

Table 2. Trypanosoma brucei stabilate STIB 366.4: immunofluorescent staining of
trypanosomes isolated from the blood (BF) and lymph nodes (LF) at different days
after intravenous infection (ID) with the corresponding infection sera

(Numbers indicate percentage of positively stained parasites. Rem., remission of
parasitaemia; NRS, normal rat serum; CF, culture forms; —, < 1 %.)

Rat sera (1:320) isolated at

Antigen

BF peak 1
LF peak 1
BF rem. 1
LF rem. 1
BF peak 2
LF peak 2
Stabilate STIB 366A
Procyclio CF STIB 366A

Peak l
(ID 6)

> 9 5

60

> 9 5

Rem. 1
(ID 8)

90

> 9 5
30
75

> 9 5

Peak 2
(ID 12)

>95
80

>95
90
80
50

>95

NRS
1:320

—
—
—
—
—
—

Conjugate
1:80
—
—
—
—
—
—
—
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Peak 1
(ID 7)

40
—
80
—

Bern. 1
(ID 10)

30
—
90

5
10 '

Peak 2
(ID 11)

40
25
10
80
25

NRS
1:320

Conjugate
1:80
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Table 3. Trypanosoma brucei stabilate STIB 348T: immunofluorescent staining of
trypanosomes isolated from the blood (BF) and lymph nodes (LF) at different days
after cyclical infection (ID) with the corresponding infection sera

(Numbers indicate percentage of positively stained parasites. Rem., remission of
parasitaemia; NRS, normal rat serum; CF, culture forms; —, < 1 %.)

Rat sera (1:320) isolated at

Pe
Antigen

BF peak 1
LF peak 1
BF rem. 1
LF rem. 1
BF peak 2
LF peak 2 — — — — —
Procyclic CF — — — —
STIB 348

stream trypanosome population from the same animal (Table 2). IFAT results
with sera and antigens from cyclically infected rats (Table 3) were similar to those
from intravenously infected rats. Again, the lymph node trypanosome populations
seemed to differ antigenically from bloodstream trypanosome populations simul-
taneously isolated from the same animal.

DISCTJSSION

The intravenous injection of trypanosomes demonstrated that an extravascular
trypanosome population was well established in the lymph nodes as early as the
1st peak of parasitaemia. The careful studies of Schuberg & Boeing (1913) revealed
that tissue spaces of lymphoid organs are a favoured site for T. brucei to multiply.
The trypanosomes isolated from lymph nodes (LF) resembled bloodstream slender
forms as was shown by light microscopy. The failure to adapt them into a vector-
form culture also supports the slender-like nature of LF, as it is known that the
trypanosomes need the partially activated mitochondrion characteristic of inter-
mediate and stumpy forms for the transformation into procyclic culture forms
(Brown, Evans & Vickerman, 1973). In addition, the LF were compared morpho-
metrically with slender and stumpy forms derived from other trypanosome stocks
(Boehringer & Hecker, 1974, 1975). The position of the LF between slender and
stumpy forms was thereby confirmed.

It is interesting to note that, in the same animal, a pleomorphic and a mono-
morphic parasite population grow simultaneously. It is not clear if only slender
forms invade tissue spaces (as assumed by Balber, 1972) or if stumpy and inter-
mediate-stumpy forms are rapidly destroyed in the lymph nodes. Ssenyonga &
Adam (1975) suggested that a monomorphic trypanosome population is constantly
flushed from lymph into blood. This trypanosome population was very similar to
our lymph node trypanosome population in its morphology as well as in its
dividing rate.
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390 M. TANNER AND OTHERS

Using cumulative! nfection sera and testing them at a dilution of 1:320, our
results could not characterize the variable antigen types (VAT). However, they
demonstrated that the bloodstream and the lymph node trypanosome populations
isolated simultaneously from the same animal consist of different 'sets of antigenic
populations. Seed & Effron (1973) found a similar antigenic heterogeneity in an
agglutination test comparing trypanosome populations simultaneously isolated
from the brain and blood of T. gambiense-iafected Microtus montanus. It may be
assumed that the antigenically different populations of bloodstream and lymph
node trypanosomes reflect the recently described (Seed, 1978) competition between
serologically different clones due to distinct microclimates within various body
niches. Syringe passage as well as cyclical transmission lead to a marked VAT
heterogeneity as early as the 1st patent parasitaemia (Van Meirvenne, Janssens &
Magnus, 1975; Jenni, 1977; Le Ray, Barry, Easton & Vickerman, 1977; Le Ray,
Barry & Vickerman, 1978), thus giving a basis for the occurrence of different sets
of antigenic populations in different organs of a single animal. Work in progress
with clone-specific antisera shows that new VAT can be demonstrated among
LF. It remains to be established whether lymph nodes are tissue foci from which
a relapse of the parasitaemia can be initiated.

We wish to thank Dr A. M. Jordan, Langford, Bristol, for providing us with pupae material.
We thank Miss V. Ghiotto and Miss H. Rieder for their technical assistance and Dr R. Yeates
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EXPLANATION OP PLATE 1

Trypanosomes isolated from lymph nodes (LF) of Trypanosoma 6race*-infected rats.
A. Giemsa-stained smear, note slender-intermediate nature of LF.
B. Longitudinal section of an extravascular LF, kinetoplast (k), reservoir (r), nucleus (n) and
flagellum ( • ) . Inset: The pellicula of LF is covered with the surface coat ( • ) .
C. Extravascular localization of LF in the lymph node tissue, erythrocyte (e), lumen of the
blood vessel (I) and endothelium (en).
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