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ABSTRACT: Blood smears and blood lysate samples from freshwater fishes captured in the
Okavango Delta, Botswana, were examined to determine whether their trypanosomes were all
Trypanosoma mukasai, a species of supposed broad host specificity and widespread existence across
Africa. Trypanosomes and/or babesiosomes occurred in 20/32 blood smears, and morphometric
analysis of trypanosomes from 13/32 smears showed features suggestive of T. mukasai, including
nuclear indices consistently >1. In 16/32 blood lysate samples from which DNA was extracted, try-
panosome DNA was detected in 12/16 by PCR (polymerase chain reaction), using trypanosome-
specific ssu TRNA gene primers. Two samples positive for trypanosomes in blood smears yielded no
amplifiable trypanosome DNA, but 4 samples with no detectable infection in blood smears were pos-
itive for trypanosome DNA, suggesting an overall trypanosome prevalence rate of 17/32 (53 %)
among fishes and demonstrating the value of PCR in trypanosome recognition. Cloning and sequenc-
ing of the 12 amplified fragments revealed 2 genotypic groups among these fish trypanosomes.
Group 1 trypanosomes were from cichlids and 3 families of catfishes, Group 2 from 2 types of cat-
fishes. Sequence comparison showed that the consensus Group 1 sequence was most similar to that
of Trypanosoma cobitis, representing European fish trypanosomes of the carassii type, while the con-
sensus Group 2 sequence showed similarity with a trypanosome sequence from another African cat-
fish, Clarias angolensis. It was concluded that the identification of T. mukasai remains a problem, but
at least 2 genotypic groups of trypanosomes occur in Okavango Delta fishes, and catfishes in this
region appear to contain both types.
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INTRODUCTION

Gibson et al. (2005) reported on the ubiquitous
nature of fish trypanosomes and the difficulties in dif-
ferentiating species reliably. Among problems identi-
fied in species recognition were the considerable
increase in length of fish trypanosomes with age and
the existence of pleomorphism in some infections.
Using small subunit ribosomal RNA (ssu TRNA) gene
sequences, random amplification of polymorphic DNA
and phylogenetic analysis, Gibson et al. (2005) deter-
mined that all fish trypanosomes examined fell within
a broad aquatic clade, together with those from a vari-
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ety of amphibious vertebrates. Furthermore, within the
broad clade, freshwater fish trypanosomes lay within a
smaller, single clade, subdivided into 3 groups. The
majority of isolates from 14 species of European fishes
fell into 2 groups, A (tincae group) and B (carassii
group). These genetic groups did not, however, readily
tally with species identification based on morphology,
or with host fish origin. A third group, C, was of more
diverse origin, and included trypanosomes isolated
from an imported African catfish.

Difficulties in identification of freshwater fish try-
panosomes were further illustrated by Smit et al.
(2004). In a study of these flagellates from the panhan-
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dle region of the Okavango Delta, Botswana, they
demonstrated morphometrically variable haemoflagel-
lates, even within a single host. However, despite vari-
ations in size and staining properties, Smit et al. (2004)
suggested that all the Okavango trypanosomes exam-
ined might be Trypanosoma mukasai Hoare, 1932,
because their nuclear indices (NI values) were consis-
tently >1, that is, forward of the mid-line. Their conclu-
sions (Smit et al. 2004) were shaped partly by the work
of Baker (1960, 1961) and Negm-Eldin (1997, 1998).
This research was summarised by Smit et al. (2004),
but essentially Baker (1960) noted that nuclear position
might be an important factor in discriminating the 3
African freshwater fish trypanosome species that he
suspected might be valid (T. mukasai, T. toddi Bouet,
1909 and T. tobeyi Dias, 1952). Baker (1960) reported
that the nucleus of T. mukasai was 'on the average,
slightly in front of the mid-point of the body', whereas
in T. toddiit was central and in T. tobeyi it was anterior.
Baker (1960) further suggested that T. mukasai and
T. tobeyi might prove to be synonyms. Negm-Eldin
(1998) subsequently reported that he was able to trans-
mit T. mukasai to a variety of African wild-caught
freshwater fishes and, thus, concluded that most
records of trypanosomes from fishes across Africa were
of this species. One other trypanosome has been
named from a wholly freshwater fish in Africa. Pienaar
(1962) reported T. clariense Pienaar, 1962 from a sharp
tooth catfish, Clarias gariepinus (Burchell, 1822), from
the north west province. However, Smit et al. (2004)
suggested that the morphometric and staining proper-
ties of this trypanosome were such that T. clariense
might also prove a synonym of T. mukasai.

Clearly, there is a problem in identifying Trypa-
nosoma mukasai. To determine whether the trypano-
somes found in the Okavango Delta fishes belong to
this species, or whether others may exist, sequences
from ssu rRNA genes obtained from a variety of sam-
ples are here compared using the techniques em-
ployed by Gibson et al. (2005).

MATERIALS AND METHODS

Recent work on the trypanosomes of fishes from the
Okavango Delta and elsewhere in Africa identified those
hosts most likely to carry haemoflagellates (Negm-Eldin
1997, Smit et al. 2000, 2004); consequently, fishes of the
families Cichlidae, Clariidae, Cyprinidae, Mochokidae
and Schilbeidae were selected for study.

As described previously (Smit et al. 2004), fishes
were collected in the panhandle region of the Oka-
vango Delta using hand, seine, cast and gill nets, or by
rod and line, in December 2003 and January 2004. In a
mobile field laboratory, fishes were identified accord-

ing to Skelton (2001), each was given an identity num-
ber (see Table 1), almost all fishes were measured, and
they were kept in aerated aquaria containing fresh
river water. Fishes were anaesthetised with MS222,
heart blood was drawn up with 5 ml glass Pasteur
pipettes, and for each fish 2 drops of blood were placed
in a vial containing 0.5 ml of lysis buffer (5.5 M guani-
dinium thiocyanate, 0.1 M Tris-HCI pH 7.8, 0.03 M
EDTA, 2% Triton; Boom et al. 1990) and stored at
ambient temperature. In addition, 1 or 2 thin blood
films were prepared from each fish, fixed in absolute
methanol and stored in dry boxes. Blood lysates and
blood films were later dispatched to the appropriate
laboratory for further processing.

Blood films were stained with phosphate-buffered
Giemsa (pH 6.8) and screened for blood parasites with
a x 100 oil objective on a Zeiss Axioskop 20 photo-
microscope. Microscopic images were captured by
digital camera (Nikon DN100) and stored on computer
disks; then parasites were measured with an Eclipse
Net (Nikon) image analysis package, calibrated to a
stage micrometer.

Fish identity numbers allowed blood smears contain-
ing trypanosomes to be matched with their respective
blood lysate samples. DNA was extracted from blood
lysates using standard methods of phenol-chloroform
extraction and alcohol precipitation. The purified DNA
was used as template for PCR (polymerase chain reac-
tion) using trypanosome-specific ssu rRNA gene
primers to amplify across a highly variable region; for-
ward primer D (6’'ACCGTTTCGGCTTTTGTTGG) was
used in combination with either primer H (6'CGT-
CAATTTCTTTAAGTTTC) or I (5'GACTACAATG-
GTCTCTAATC) to amplify fragments of approxi-
mately 570 or 330 bp, respectively (Maslov et al. 1996).
Amplified fragments were cloned into a suitable plas-
mid vector (TOPO 2.1, Invitrogen) and sequenced
using universal primers. Sequences were compared
using DNAman (Lynnon Biosoft).

RESULTS

Blood smears from 13/32 fishes were found to con-
tain trypanosomes, with hosts falling within the Cichli-
dae, Clariidae and Mochokidae (Table 1). None of the
Cyprinidae or Schilbeidae appeared infected from
blood films, but subsequently 1 Schilbe intermedius
(Sample 16) proved positive by PCR, indicating that it
contained trypanosome DNA. Some fishes (9/32) in 3
families (Cichlidae, Cyprinidae and Mochokidae) were
hosts to the apicomplexan Babesiosoma mariae Hoare,
1930, but only 2 fishes (Samples 13 and 25) were
observed to contain mixed infections of both try-
panosomes and B. mariae (Table 1).
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Table 1. Families and species, identity numbers (IDs), numbers caught and length of fishes captured in the Okavango
Delta. Numbers of fishes with trypanosomes, babesiosomes, or both, in blood smears

Families & species Fish identity Number Total length or Type of blood Number
of fishes numbers (IDs) examined length range (mm) infection infected
Cichlidae
Oreochromis andersonii 1,5 2 260 Trypanosomes 2/2
(Castelnau, 1861)
Serranochromis angusticeps 13 1 280 Mixed 1/1
(Boulenger, 1907)
Serranochromis macrocephalus 12, 14, 17a, 6 160-300 Babesiosoma mariae 2/6
(Boulenger, 1899) 17b, 18, 24
Clariidae
Clarias gariepinus 4,11, 32 3 310-630 Trypanosomes 2/3
(Birchell, 1822)
Clarias theodorae 3 1 Not recorded None detected 0/1
Weber, 1897
Cyprinidae
Labeo lunatus 15 1 350 B. mariae 1/1
Jubb, 1963
Mochokidae
Synodontis nigromaculatus 2,6-8,19-21, 13 160-240 Trypanosomes 6/13
Boulenger, 1905 26-31 B. mariae 4/13
Mixed 1/13
Synodontis vanderwaali 25 1 180 Trypanosomes 1/1
Skelton & White, 1990
Schilbeidae
Schilbe intermedius 10, 16, 22, 23 4 274-270 None detected 0/4
Riippell, 1832
Total 32 20/32

Trypanosomes were variable in staining properties,
shape and size. Morphometric analyses, although not
as extensive as in a previous study (Smit et al. 2004),
still indicated NI values >1 (Table 2), suggestive of Try-
panosoma mukasai. Samples 1 and 5 (Oreochromis
andersonii) contained only small trypanosomes in

blood films, resembling the immature stages of
T. mukasai (see Baker 1960, Negm-Eldin 1997, 1998)
and the small forms seen earlier in Okavango samples
(for example, Figs. 1 and 5 in Smith et al. 2004). Sam-
ples 30 and 31 (both Synodontis nigromaculatus) con-
tained only larger trypanosomes, indistinguishable

Table 2. Morphometrics of trypanosomes detected in blood smears. MA, midnucleus to anterior; MP, midnucleus to posterior; PK,
posterior to kinetoplast; NL, nuclear length; BW, body width; OL, overall length including free flagellum; NI, nuclear index (MP/MA)

Families & species of Fish IDs Trypanosome morphometrics, mean + SD (range), based on at least
fishes with trypanosomes 5 specimens per sample
(detected in blood smears) MA MP PK NL BW OL NI
Cichlidae
Oreochromis andersonii 1,5 13.5+4.5 16.7 £ 3.5 1.0+0.1 2.6 +0.3 1.7+0.6 343+79 1.2
(7.2-17.1) (12.3-209) (0.8-1.1) (2.3-3.1) (1.1-2.7) (23.3-41.3)
Serranochromis angusticeps 13 13.7+1.6 19.3+1.6 1.2+04 21+04 1.8+0.2 41.5+21 14
(11.7-156) (17.7-20.8) (0.8-1.7) (1.6-2.8) (1.6-2.1) (39.2-44.3)
Clariidae
Clarias gariepinus 4,11 14.6 +£0.3 17.3+0.1 1.1+0.1 3.3x1.0 1.3+0.2 37.5+03 1.2
(14.3-149) (169-174) (1.0-14) (22-43) (1.1-1.6) (372.1-38.0)
Mochokidae
Synodontis nigromaculatus 2,19-21, 17.0x1.4 194 + 1.7 1.2+0.2 44 +02 3.4+0.8 46.5+38 1.1
27,30,31 (156-18.5) (17.7-21.1) (09-1.5) (4.2-4.6) (2.2-43) (42.7-50.3)
Synodontis vanderwaali 25 171+1.8 19.7 £ 4.0 1.5+0.3 3.5+0.2 20x0.3 580+52 1.2
(14.7-18.9) (14.1-226) (1.1-19) (3.3-3.8) (1.6-2.5) (52.3-63.7)

Total 13 samples
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from the mature forms of T. mukasai illustrated by
Hoare (1932), Baker (1960) and Negm-Eldin (1997,
1998) and observed previously in Botswana samples
(Figs. 2 to 4 in Smit et al. 2004). Trypanosomes morpho-
logically similar to these larger specimens, but slightly
more slender and not in such numbers, were also
found in Samples 2, 4, 11, 13, 19 to 21, 25 and 27.
DNA was extracted from 16 of the fish blood sam-
ples; 12 were positive for trypanosome DNA by PCR
using trypanosome-specific ssu TRNA gene primers
(Table 3). Four of the PCR positive samples came from
fishes with no detectable parasitaemia by examination
of blood smears (Samples 3, 6, 16 and 32); on the other
hand, trypanosome DNA could not be amplified from
the blood samples from 2 trypanosome-positive fishes
(Samples 4 and 25). This may reflect the variable qual-
ity and amount of DNA obtained from different blood
samples, as only the smaller ca. 330 bp ssu rRNA gene
fragment could be amplified from some samples, while
both the ca. 330 and ca. 570 bp fragments could be
amplified from others (see Table 3). The amplified
fragments were cloned and sequenced. Clones from
Samples 1, 5, 30 and 31 were sequenced in both direc-
tions, while single-sequence reads were obtained from
8 other clones and are therefore less reliable. The 12
sequences obtained were aligned and fell into 2
groups differing by 8 point mutations and 3
insertion/deletions (Table 3, Fig. 1). Group 1 contained
7 samples (1, 3, 5, 13, 16, 27 and 32). The sequences
from Samples 1 and 5 differed by 2 nucleotides over
570 bp (0.35 %), and within-group variation was small,
with sequences from Samples 3, 16 and 27 identical to
that of Sample 5, and a single base difference in the
other 2 sequences. Group 2 contained 5 samples (2, 6,

Table 3. Comparison of positive (+) or negative (-) blood smears and PCR data,
the latter from ssu rRNA gene sequence analysis. Length of sequences (bp)
and grouping of fish trypanosomes are also reported

11, 30 and 31). The sequences from Samples 30 and 31
differed by 1 nucleotide over 577 bp (0.17 %), and each
of the sequences from Samples 2, 6 and 11 differed by
1 base from that of Sample 31. The slight difference in
length between the Group 1 and 2 sequences (570 bp
compared to 577 bp) was due to 2 insertions.

Comparison of Group 1 and 2 sequences with others
in the database showed the closest similarity to ssu
TRNA gene sequences from freshwater fish try-
panosomes. In particular, the Group 1 sequence was
most similar, but not identical, to that of Trypanosoma
cobitis (sequence Tcob, Fig. 1) and other European fish
trypanosomes of the carassii group (Gibson et al. 2005).
The 2 insertions in the Group 2 sequence, as well as a
number of point mutations, revealed similarity to the
sequence of a trypanosome isolated from an African
catfish (Clarias angolensis) (sequence CLAR, Fig. 1);
phylogenetic analysis placed CLAR in a distinct clade
from the majority of European freshwater fish try-
panosomes (see Gibson et al. 2005).

DISCUSSION

There are difficulties in working with fish populations
in the Okavango Delta, not least because of the seasonal
nature of its water course and its temporary lagoons (see
Smit et al. 2003), but also because of problems in gaining
consistent data from this changeable environment.
When blood films from fishes were examined in this
region in June to July 1999 and June to August 2001 and
2002, trypanosome prevalence fluctuated between 2 and
31 %. The current approach, focusing on representatives
of fish families considered likely to carry trypanosomes,
resulted in a relatively smaller sample
size, but also ensured that 17/32 (53 %) of
fishes were trypanosome-positive in
blood films or by PCR. A change of fish-

ing season (December to January) also
Sample Fish species Smear PCR Lengthof Group appears to have been of benefit. As with
IDs sequence . .

trypanosomes, fluctuations in the num-
1 Oreochromis andersonii i n 570 1 ber of fishes with apicomplexan blood
2 Synodontis nigromaculatus + + 577 2 infections are also evident in Okavango
3 Clarias theodorae - + 570 1 Delta samples if past studies (only 1
4 Clarias gariepinus + - - - infected fish known previously) are com-
5 O. andersonii + + 570 1 . . .
6 S. nigromaculatus B 4 336 5 pared with the current one (9 fishes in-
11 C. gariepinus + + 336 2 fected) (see Smit et al. 2000, 2003, 2004).
13 Serranochromis angusticeps ~ + + 329 1 The trypanosomes and the apicom-
16 Schilbe intermedius - + 570 1 plexan (Babesiosoma mariae) found in
2 5. nigromaculatus N - o . blood films in the present study ap-
27 S. nigromaculatus + + 329 1 . . p . y ap
28 S. nigromaculatus _ _ _ _ peared identical to those previously re-
29 S. nigromaculatus - - - - ported from Okavango Delta fishes (see
30 S. nigromaculatus + + 577 2 Smit et al. 2003, 2004), with 2 mixed in-
2; ‘Z nigromaculatus + I g;; ? fections observed. Furthermore, the

. gariepinus - . . .
ganep finding of trypanosome DNA in some
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blood lysates (Samples 3, 6, 16, 32), when
no trypanosomes were observed in blood
films, indicates the value of PCR methods
in detecting a higher prevalence of infec-
tion among fishes than could have been
estimated from blood films alone. The
presence of trypanosome DNA in 1 sample
from the catfish Schilbe intermedius (Silu-
riformes; Schilbeidae) (Sample 16) in the
apparent absence of these parasites from
blood films, also supports earlier observa-
tions that this fish sustains haemoflagellate
infections (Smit et al. 2000, 2004).

Although Smit et al. (2004) commented
that all trypanosomes seen in Okavango
fishes might be Trypanosoma mukasai,
they were also concerned about the mor-
phometric variations that they witnessed,
observing that molecular sequencing
might help determine whether infections
were of 1 type. Indeed, the molecular data
obtained in the current study broadly sug-
gest 2 groups of trypanosomes among
these fishes: Group 1 related to the caras-
sii genotypic group of European freshwa-
ter trypanosomes of the Cypriniformes,
and Group 2, to a trypanosome obtained
from an African catfish (see Gibson et al.
2005). Group 1 trypanosomes were found
in the Cichlidae (Oreochromis andersonii
and Serranochromis angusticeps), and cat-
fishes (Clarias gariepinus, C. theodorae,
Schilbe intermedius and Synodontis nigro-
maculatus), while Group 2 were detected
in 1 C. gariepinus and 4 specimens of
S. nigromaculatus.

Blood films matching Lysate Samples 1
and 5 (Group 1) from Oreochromis ander-
sonii contained among the smallest try-
panosomes observed in the current mate-
rial (Table 2). On the other hand, blood
films corresponding to Lysate Samples 30
and 31 (Group 2) from Synodontis nigro-
maculatus had only trypanosomes indis-
tinguishable from mature forms of Try-
panosoma mukasai, as illustrated by
Hoare (1932), Baker (1960) and Negm-
Eldin (1997, 1998). On the basis of this
morphology it is tempting to assign Group
2 to T. mukasai. It follows that this would
also identify the smaller trypanosomes of
Group 1 occurring in the cichlids, not as
young forms of T. mukasai, but likely as
belonging to another species. However,
T. mukasai was originally described from 4

Tcob AGCTCATTGGAGATTATGGGGTTGTGCGACAAGCGGCTGGGTGCCTATTGTGTACCCGTCGCCTTTGTGGGAAATCCGTACCGATGC- ---GGGGCGGCTTCGGCTTG-----CT 110

JE—
JE——

.TCCTTT.
.TCCTTT.
.GTCCTTTTC

CA-——

A-——
LCLLAGGT . Lo
LCLLAGGT . Lo
.C..AGGT.A............

[CRGRGRONG]

<<

CLAR .

Tcob CCTCGCGGTGCCTTCCCTCAACTCACT-GCTTCCAGGAATGAAGGAGGGTAGTT-- CGGGGGAGAACGTACTGGTGCGTCAGAGGTGAAATTCTTAGACCGCACCAAGACGAACT 222

30
31

Tcob ACAGCGAAGGCATTCTTCAAGGATACCTTCCTCAATCAAGAACCAAAGTGTGGGGATCGAAGATGATTAGAGACCATTGTAGTCCACACTGCAAACGATGACACCCATGAATTGG 337

30
31

Tcob GGAGTTTTTGGTCGCAGGCGATGTCGGGTTCATCTCGCTCATCACCTCACCAATGATATCAATTTACGTGCATATTCTTTTCGGTCCTCGCAAGGGGGCCT 438

RS

[CNCRCRONG;
000

31

Fig. 1. Alignment of partial ssu TRNA sequences from Trypanosoma cobitis (Tcob; GenBank Accession No. AJ009143), Okavango fish trypanosome Samples 1, 5, 30 and 31,

and a trypanosome from an African catfish (CLAR; GenBank Accession No. AJ620555). Dots indicate identity; dashes show gaps
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species of cichlids of the genus Haplochromis (see Hoare
1932), and subsequent studies also reported forms indis-
tinguishable from mature stages of the trypanosome
within the Cichlidae (Baker 1960, Sinha 1986, Negm-EI-
din 1998, Smit et al. 2004).

The Cichlidae (Perciformes) are a very large family of
brackish and freshwater fishes distributed over large ar-
eas of Africa, South and Central America, all of Mada-
gascar, the Levant, parts of Arabia and India (see Skelton
2001). The 2 cichlid species collected in this study (con-
taining Group 1 trypanosomes) belong to the haplo-
chromine lineage, the species of which tend to be
predators, and superficially, at least, these hosts seem to
have little in common with the European Cyprinidae.
The single cyprinid examined in the current study
(Labeo lunatus) appeared to contain only Babesiosoma
mariae, but Trypanosoma mukasai apparently can be
transmitted to cyprinids and cichlids from the catfish
Clarias lazera (see Negm-Eldin 1998). Perhaps, with
time, transfer of infection between cyprinids and cichlids
has also occurred in the Delta through usage of shared
habitats and common vectors, such as leeches. It is also
interesting that samples from 3 fishes in which try-
panosomes were only demonstrated by PCR, also be-
longed to Group 1. These included samples from C.
theodorae (Sample 3), C. gariepinus (Sample 32) and
Schilbe intermedius (Sample 16), and all these hosts are
catfishes. Thus, trypanosomes of either genotypic group
may be found in catfish.

Four trypanosome samples from the Mochokidae (rep-
resented by Synodontis nigromaculatus) belonged to
Group 2, while a fifth sample belonged to Group 1. The
grouping of the majority of Mochokidae samples with
others from African catfish in Group 2 is perhaps to be
expected, since this family, like the Clariidae, includes
catfishes of the order Siluriformes and suborder Sil-
uroidei (see Skelton 2001). Since both catfish and cich-
lids may be demersal and benthopelagic in distribution
(see Skelton 2001), they may share a common population
of likely vectors for trypanosomes, such as leeches, as
suggested above for the Cyprinidae and Cichlidae.

Clearly, the identity of Trypanosoma mukasai remains
a problem, and the unease of Smit et al. (2004) appears
well founded. The trypanosome probably does exist in a
broad range of fish hosts across Africa (see Negm-Eldin
1998) and likely occurs in India (Sinha 1986). However,
not all trypanosomes from freshwater fishes in the Oka-
vango River system appear to be of this 1 species, as 2
distinct genotypic groups of trypanosomes have been
identified among the relatively small number of samples
collected during the current study. It is possible that
some fish harbour both genotypes, leading to the vari-
ability in morphology observed in some Okavango sam-
ples (see Smit et al. 2004). Both genotypes were found in
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catfishes in the current study, but cichlids contained only
1 type (Group 1). These differences are difficult to ex-
plain, but likely vectors, such as leeches, may perhaps be
an additional source of useful sequence data. So far, no
leeches have been found on Okavango fishes with try-
panosomes, although Batracobdelloides tricarinata
(Blanchard, 1897) was identified as a vector of T. muka-
sai by Negm-Eldin (1997, 1998), and this leech can be in-
duced to feed on a wide range of African freshwater
fishes (Negm-Eldin 1998).
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